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TOPIC 

1 
 UNIT DIMENSIONSAND ERROR ANALYSIS 


(' ! , 

SECTION -I: STRAIGHT OBJECTIVE TYPE 

1.1 	 In a system of units if force (F), acceleration (A) and time (T) are taken as fundamental units, then the 
dimensional formula of energy is : 
(A) FNT (B) FAT2 (C) FNP (D) FAT 

(, 


E2

( 1.2 has the dimensions (E electric flux, ~lo =permeability of free space)

iJo 

\ 
( 

(A) [M2L3T-2N] (B) [MLT-4] (C) [ML3T-2] (D) [M-1L2TA-2] 

( 

( 1.3 In the equation rl,..._~t ,2 =ax sin-1 [.; -1] The value of x is : 

(A) 1 (B) - 1 (C) 0 	 (D) 2 ( 

/ 

\ 
1.4 	 The dimensions of the quantity lic (where Ii == 2hT() is : 

( 

\. 

(A) [ML2T-1] (B) [MLT-l] (C) [ML3T-2] (D) [ML3J-l]( 

1.5 	 A particle of mass m is executing oscillations about the origin on 'the x-axis. Its potential energy is 

U(x) ::.: Klxl 3, where K is a positive constant. If the amplitude of oscillation is a, then its time period Tis: 
( 

1 
(A) proportional to --:ra (B) independent of a (C) proportional to fa (D) proportional to a312 

c 1.6 In the formula X = 3YZ2, X and Zhave dimensions of capacitance and magnetic induction respectively. What 

are the dimensions of Y in MKSQ system?( 
(A) [M-3L-1T3Q4] (B) [M-3L-2T4Q4] (C) [M-2L-2PQ4] (0) [M-3L-2pQl] 

( 

1 


( 1.7 The dimensions of '2 eo P (e 0: permittivity of free space; E: electric field) is : 

(A) [MLT-l] (B) [ML-1T-2] (C) [MLT-2
) (0) [ML2T-1) 

aZ<	 a 
1.8 	 I n the relation P = - e kO 

( ~ 

P is pressure, Z is distance, k is Boltzmann constant and 0 is the temperature. The dimensional formula oft 
~will be: 
(A) [MOL2P] (B) [M1L2J1] (C) [M1LOT-l) (D) [MOL2T-1]C 

1.9 	 Which of the following sets have different dimensions?C 
(A) Pressure, Young's modulus, Stress (B} Emf, Potential difference, Electric potential 

( (C) Heat, Work done, Energy (D) Dipole moment, Electric flux, Electric field 

( 

( .S~~eu~nS:r~ 	 .. 
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1.10 	 The number of circular divisions on the shown screw gauge is 50. It moves 0.5 mm on main scale for one 
complete rotation and main scale has 1!2 mm marks. The diameter of the ball is : 

(A) 2.25 mm (8) 2.20 mm (C) 1.20 mm (0) 1.25 mm 

SECTION - II : MORE THAN ONE CHOICE TYPE 	 r 
1.11 	 Let [coldenote the dimensional formula of the permittivity of the vacuum and [~ol that of the permeability of cthe vacuum. If M = mass, L = length, T =time and I =electric current, then: 

f"(A) [£01 =[rvI-1 L-3p I] 	 (8) [£01 = [M-1 L-3p 12] 

(C) [flol 	== [MLT-2 12] (0) [~ol =[ML2 L-1 I] 

1.12 	 The Sf nit of the inductance, the henry can by written as : 
(A) weber! ampere 	 (8) volt-second/ampere 
(C) joule/(ampere)2 	 (0) ohm-second 

( 

" SECTION - III : ASSERTION AND REASON TYPE 

1.13 	 Statement -1 : Unit of torque is joule 
Statement - 2 : Unit of torque should be N-m and that is called joule. 

" (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True 

1.14 	 Statement - 1 : If two physical quantities have same dimensions, than that can be certainly added or \ 
f' 

substracted. 
Statement - 2 : If the dimensions of both the quantities are same then both the physical quantities should be 
similar, 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True 

SECTION -IV: COMPREHENSION TYPE 

Comprehension # 1 
Determining the value of 'g' using a simple pendulum 

1 	 ( .... 
f. \J 

1 
r 

In this experiment. a small spherical bob is hanged with a cotton thread. This arrangement is called sample 
pendulum. The bob is displaced slightly and allowed to oscillate. To find time period, time taken for 50 c
oscillations is noted using a stop watch. 

L 
Theoretically T = 21£fi ===> 9 = 41£2 	 .............. (1) 


cPI B!~~Qtt~n~r! 	 • 
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where L = Equivalent length of pendulum =length of thread (.e) + radius (r) of boh, 

T = time period of the simple pendulum 

soig'canoeeasiTy'oete'rmined by equation ...(1}. 


Graphical method to find 'g' : 

\; 
r'\ 41t2 )

T2 = (9 L ............ (2) 


so, T2 oc: L 

'" Find T for different values of L. 

, 


}
\. 


41t2) 

r '" Plot T2 vIs L curve. From equation (2), it should be a straight line, with slope = 9 . 
\ 	 ( 

41t2)
( 	 Find slope of T2 vIs L graph and equate it to (9 and get 'g' . 

( 

" 
r 	 T2
\ 

r ~ \ I 

i BP 4n2 

( slope =i tane =W= 9 
..~••...••..•••.•.J P 

(' 
\. 	 L-----_+.L 

(' 
\. 1.15 	 In certain observationwegot.e = 23.2 cm, r= 1.32 cm and time taken for 10 oscillation was 10.0 sec. Estimate 


the value of 'g' in proper significant figure. (take 1t2 = 10) 


(A) 9.8 m/s2 (8) 9.80 m/s2 (C) 9.800 m/s2 (0) none ofthese c 
1.16 For different values of L, we get different values of 'T'. The curve between L vis T2 is shown. Estimate 'g' fromC 

this curve. (take 1t2 = 10)
( 

( 	 L {meter) 

! i 
!0.49 

c J1 
C 	 =--z··'==., •Tl (sec2) 

t: 
(A) 9.7 m/s2 (8) 9.6 m/s2 (C) 9.8 m/s2 (0) 10 m/s2 

C 

(, 

( 

C 
( 11eu~~9Cltt~nS! 	 • 
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C:omprehension # 2 

Working: Resonance tube is a 100 cm tube. Initially it is filled with water. To increase the length of air column 

in the tube, water level is lowered. The air column is forced with a tuning forkof frequency f ' Let at length £1'o 
we get a first resonance (foud voice) then 

v 
.feQ1 = 4fo 

V 
::::> £1 + 8 = 4fo .........(i) 

where e is end correction 
if we further lower the water level, the noise becomes moderate. But at £2' We, again get a loud noise 
(second resonance) then 

3V 

= 4fo 

3V 
::::> £2 + 8 = 4fo .........(ii) 

From (i) and (ii) 

V = 2f (J! - £)o 2 1 

Observation table: 
Hoam temperature is 27°C 

F of tuning 

ro:-k in (Hz) 


(fo)

;-_ ... 

330 Hz 

Resonance 

1st Resonance 

2nd Resonance 

Position of water 
level (em) 

Water level 
is falling 

Water level 
is rising 

23.9 

73.9 

I 24.1 

74.1 

. 1 '7 Speed of sound calculated is roughly 

(A) 340 m/sec (B) 380 m/sec (C) 430 m/sec 

'L"i8 in the previous question, speed of sound at OOC is roughly 

(A) 324 m/sec (B) 380 m/sec (C) 430 m/sec 

Mean 
resonant length 

11 =.......... 

12 =.......... 


Speed of sound \.. /' 

V ::: 2fo(l2 - 11) 

-- 
( . 

V == .......... " / 

(D) 330 m/s 

(D) 314 m/s 

'i:j~ \!Vhat should be minimum length of tube, so that third resonance t:an also be heard. 

(A)(, = 421 cm (B) £3 =214 cm (C) £3 = 124 cm (D) None of these e 
.20 From equation (i) and (ii) end correction can be calcualted. Estimate the diameter of the tube imparical 

(' " 

l..; 

formula (8 ~ O.3d) 

(1\) 2.5 em (B) 3.3 cm (C) 5.2 cm (D) None of these 

~esonance____________________________~~____~ 
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SECTION - V : MATRIX - MATCH TYPE 

1.21. 	 Some physica,1 quantities are given in Column I and some possible SI units in which these quantities may 
be expressed are given in Column II.Match the physical quantities in Column I with the units 
in Column II. 

Column I 	 Column II 
1_M< (p) (volt)(coulomb)(metre) 

( (B) 	 (q) (kilogram) (metre)3 (secondt2 

I' 
" 

/' 

\ 

I' 

\ " 

( (C) (r) {metre)2 {second)-2 
\ 

f 
\ 

( 

(0) (s) (farad) (voit? (k9t1 


( 


( 

"'" 

SECTION - VI : INTEGER TYPE 

(" 1.22 	 In some observations, value of 'g' are coming as 
9,81,9,80,9.82,9.79,9.78,9.84,9.79,9.78,9.79 and 9.80 m/s2. Calculate absolute errors and percent-

c 
age error in g. is 1~o % then x is. 

( 	 .' 

1.23 	 From Meter Bridge, resistivity or a wire comes from 
( 


rc0 2s e 

p =4L' 100-£ 

where f is balance length, D is diameter of wire, S is resistance, L is total length of wire. Find the value of( 
f'. (in cm) corresponding to max. permissible error in p. 

( 
2b3at. 1.24 A physical quantity x is calculated from the relation x = cJd . If % error in a, b, C and dare 2%, 1 %, 3% and 

C 4% respectively, what is the percentage error in x. 

(. 

.~~~ . l 

http:9,81,9,80,9.82,9.79,9.78,9.84,9.79,9.78,9.79
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TOPIC 

2 
 . RECTILINEAR MOTION 


.' 

SECTION ¥ I : STRAIGHT OBJECTIVE TYPE 

2.1 	 A body starts from rest and is uniformly accelerated for 30 s. The distance travelled in the first 10 s is Xl' 

next 10 s is x
2 

and the last 10 s is x
3

, Then x
1 

: x2 : X3 is: 

(A) 1 : 2 : 4 (8) 1 : 2 : 5 (C) 1 : 3 : 5 (D) 1 , 3 : 9 

2.2 	 A ball is dropped from the top of a building. The ball takes 0.5 s to fall past the 3 m length of a window some 

distance from the top of the building. If the velocities of the ball at the top and at the bottom of the window 

are v and VB respectively, then (take g = 10 m/s2) :T 

VB 
1(A) vT + VB =12 ms- (8) v - v = 4 9 m S-1 (e) v v =1 ms-1 (D) - = 1 ms-1 

T B • B T vT 

2.3 	 A point moves in a straight line under the retardation av2. If the initial velocity is u, the distance covered 

in 	' t ' seconds is : 


1 

(A) aut (8) 	- en (a u t) (e) fn(1+aut) (D) a in '(a u t) 

a 	 a 

2.4 	 A particle is thrown upwards from ground. It experiences a constant resistance force which can produce 
retardation of 2 m/s2. The ratio of time of ascent to the time of descent is [g == 10 m/s2] : 

2 
(A) 1 : 1 (B) 	 If (e) '3 (D) H 

2.5 	 Initially car A is 10.5 m ahead of car B. Both start moving at time t = 0 in the same direction along a straight 
line. The velocity time graph of two cars is shown in figure. The time when the car 8 will catch the carA, will 
be: 	 vtcars 

10m/s car A 

45· 
t 

(A) t = 21 sec (B) t = 2.J5 sec (e) 20 sec. (D) None of these 

2.6 	 A semicircle of radius R =5m with diameter AD is shown in figure. Two particles 1 and 2 are at points 
Aand B on shown diameter at t = 0 and move along segments Ae and Be with constant speeds u1 and 

u respectively. Then the value of ~ for both particles to reach point e simultaneously will be : 
2 u2 

.' 

1V I L2A<E-2m~B ID 

(A) .54 (8) 2.[2 (e) 212 (D) f{
4 	 5 

.B~~eD!?U£~ 	 )( 


\ , 

I'" " 

( " 

( , 

\ 

( .... 
\./ 

( , 
\.J 

( 

c 

v 
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2.7 	 Two bikes A and 8 start from a point. A moves with uniform speed 40 mls and 8 starts from rest with 
uniform acceleration 2 m/s2. If 8 starts at t = 0 and A starts from the same point at t = 10 s, then the 
time during the journey in which A was ahead of 8 is : 
(A) 20 s 	 (8) 8 s 
(C) 10 s 	 (0) A was never ahead of 8 

,. , 
~ 2.8 Graphs I and II give coordinates x(t) and y(t) of a particle moving in the x-y plane Acceleration of the 

particle is constant and the graphs are drawn to the same scale. Which of the vector shown in options best 
("": represents the acceleration of the particle: 


x y 


( 

\. 01 ......oll_t 
/ 	

(I) (II) 

yy 

( (8) Ok I>X (C) (Ol+X 
\, 	

(AlL, 
y y 

( 

-!o' a 
r .x 

\.
/ 

2.9 	 An insect moving along a straight line, (without returning) travels in every second distance equal to 
the magnitude of time elapsed. Assuming acceleration to be constant, and the insect starts at t = o. 
Find the magnitude of initial velocity of insect. 

( 1 . 	 1 . 3 . 
(A) 2' unit (8) 4" unit (C) 2' unit (0) 1 unit 

;' 

" 2.10 A stone is dropped from the top of building and at the same time a second stone is thrown vertically 
( upward from the bottom of the building with a speed of 20 ms·1 • They pass each other 3 seconds 
\, ' later. Find the height of the building. 

(A) 40 m (8) 60 m (C) 65 m (0) 80 m (. 

(. 2.11 	 The position vector of a particle is given as r =W- 4t + 6) i + W) j. The time after which the velocity 

vector and acceleration vector becomes perpendicular to each other is equal to 
(A) 1sec (8) 2 sec (C) 1.5 sec (0) not possible C 

2.12 	 Each of the four particles move along x axis. Their coordinates (in metres) as function of time (in seconds) ( 
are given by 

Particle 1 : x(t) = 3.5 - 2.7P Particle 2: x(t) = 3.5 + 2.7t3 
6' 

\, 	 Particle 3: x(t) = 3.5 + 2.7F Particle 4 : x(t) = 3.5 - 3.4t - 2.7F 

which of these particles is speeding up for t > o? 

(A) All four (8) only 1 (C) only 1, 2 and 3. (0) only 2, 3 and 4. 

C SECTION -II: MULTIPLE CORRECT ANSWER TYPE 
2.13 	 Mark the correct statements: ( 

(A) 	 Average velocity ofa particle moving on a straight line was zero in a time interval but its instantaneous 

C 	 velocity was never zero in that interval (Consider finite acceleration only) 

(8) 	 Average velocity of a particle was zero in a time interva I but its speed was never zero in that interval 
C (Consider finite acceleration only) 

(C) 	 We can have a situation where magnitude of acceleration is non-zero, but rate of change of speedC 
is zero 

\l
i( 

(0) Average speed of particle in a given time interval is always greater than or equal to the magnitude 

of the average velocity in the same time interval. (. 

PIB~~9D~n~r~ 	 .. 
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2.14 	 Which ofthe following statements are true for a moving body? 

(A) if its speed changes, its velocity must change and it must have some acceleration. 
(B) if its velocity changes, its speed must change and it must have some acceleration. 


(C}if its velocity changes, its speed mayor may nofchange, and it must have some acceleration. 

(0) if its speed changes but direction of motion does not change, its velocity may remain constant. 


2.15 	 If velocity of the particle is given by v::::.JX, where x denotes the position of the particle and initially 

particle was at x =4, then which of the following are correct? 
(A) at t = 2 sec, the position of the particle is at x = 9. 
(B) Particle's acceleration at t =2 sec. is 1 m/s2 . 

(C) Particle's acceleration is i m/s2 throughout the motion. 

(0) Particle will never go in negative direction from it's starting position. 

2.16 	 A particle has a rectilinear motion and the figure gives its displacement as a function of time. Which of 
the following statements are true with respect to the motion? 

Displacement 
A 

l,  ;  ) TIme 

(A) In the motion between 0 and A the velocity is positive and acceleration is negative. 
(B) Between A and B the velocity and acceleration are positive. 
(C) Between Band C the velocity is negative and acceleration is positive. 
(0) Between 0 and E the acceleration is positive. 

2.17 	 A rabit is moving in straight line towards a carrot, slowing down its speed so that in each second it 
moves half the remaining distance from his nose to a carrot. If the total distance travelled by the 
rabbit in time t is X, its instanteneous speed V and magnitude of its instanteneous acceleration 'a' 
then which of the following graph(S) is/are best representing the motion? 

X V v 	 .a 

(C) (0)(A) r--~ (8) 
~t I ...... ) 	 >t 

2.18 	 A particle moves with an initial velocity va and retardation ~v, where v is its velocity at any time t (~ is 
a positive constant). 
(A) the particle will cover a total distance of vi~ 
(B) the particle will continue to move for a very long time 
(C) the particle will stop shortly 
(0) the velocity of particle will become vi2 after time 1/~. 

SECTION - III : ASSERTION AND REASON TYPE 

2.19 	 Statement 1: Magnitude of average velocity is equal to average speed. 
Statement 2: Magnitude of instantaneous velocity is equal to instantaneous speed. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1. 
(C) Statement-1 is True, Statement-2 is False. 
(0) Statement-1 is False, Statement-2 is True. 

Resonance 	 )I(
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2.20 Statement 1 : When velocity of a particle is zero then acceleration of particle is also zero. 
Statement 2 : Acceleration is equal to rate of change of velocity. 
-(A) Statement-1Js True., Statement~2 isTrue; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT acorrect explanation f6rStaternet1t~1 .. 
(C) Statement-1 is True, Statement-2 is False. 


(. 
(D) Statement-1 is False, Statement-2 is True. 


\, 

SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 

A particle moves along x-axis and its acceleration at any time t is a = 2 sin( n t), where t is in seconds and 
a is in m/s2. The initial velocity of particle ( at time t =0) is u =O. 

2.21 	 Then the distance travelled (in meters) by the particle from time t = 0 to t = 1 5 will be: 


2 1 4 

(A) -; 	 (8) -; (C) -; (D) None of these 

'." 2.22 Then the distance travelled (in meters) by the particle from time t =0 to t =t will be: 
(' 
\. 	 2 2t 2 2t 2t 

(A) 2' sinnt - - (8) - 2' sinnt + (C) -; 	 (D) None of these 
n n n n

( 

2.23 Then the magnitude of displacement (in meters) by the particle from time t = 0 to t = t will be : 

2 2t 2 2t 2t 

.r (A) 2' sinnt - - (8) - 2' sinnt + (C) -; (D) None of these 


n n n n 

'- ' Comprehension # 2 

A car is moving on a straight road. The velocity of the car varies with time as shown in the figure. 
;\., 

Initially (at t =0), the car was at x = 0, where, x is the position of the car at any time 't'. 
( 
\. 

V 
(m/sec.) 


8t............ . 

{' 

\ .. 4'" . 

( or 10 2'0 30 '51K: )V (~Jc.) 

( 

( 
2.24 	 The variation of acceleration (a) with time (t) Will be best represented by: 


a
at 
.~ 

;---J: i 

(A) i ! 	 (8) :60 70 
I 

II 
, I 	 10 20 30 50;k{i , 

IC 	 --l...L: ! 
; 

102030 6070 

(~ aa" 

.-----.(; ..---.,, , . 	 ~. , , 	 . . 
: ' 	 70 (D)(C) 20 30; :60 70( 10 20 30; 

I 
\ ..-.~ 

~ 
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2.25 	 The displacement time graph will be best represented by: 
x(m) x(r:n) 

paralo'ic! 
(A) ~/ (8) 

j'O~~O ~~o L..:-?u~ ~_ • (s).t{s) 


xCm) x(m) 


(C) (0) 

'.-<" ' , .I(s) , , '> "", 'I(S) 

2.26 	 The maximum displacement from the starting position will be: 
(A) 200 m (8) 250 m (C) 160 m (0) 165 m 

SECTION - V : MATRIX - MATCH TYPE 

2.27 	 The velocity time graph for a particle moving along a straight line is given in each situation of column-I. In the 
time intervatco > t > 0, match the graph in column-I with corresponding statements in column-II. 
Column-I 

(A) 

(B)~I 


(C)~I 


~t 

(0) V 

Column-IT . 

(p) 	 speed of particle is continously decreasing. 

(q) 	 magnitude of acceleration of particle is decreasing with time. 

(r) 	 direction of acceleration of particle does not change. 

(s) 	 magnitude of acceleration of particle is increasing with time. 

(t) 	 magnitude of acceleration of particle does not change. 

2.28 The equation of motion of the particle is described in column 1. At t =0, particle is at origin and at rest. 
Match the column I with the statements in column II . 

Column [ 
(A) x =(3F + 2t)m 
(8) v = 8t mls 
(C) a = 16 t 
(0) v == 6t  3t2 

Column II 
(p) 	 velocity of particle at t = 1 s is 8m/s. 
(q) 	 particle moves with uniform acceleration. 
(r) 	 particle moves with variable acceleration. 
(s) 	 acceleration of the particle at t =1sec is 2m/s2 
(t) 	 particle will change its direction some time. 

SECTION - VI: INTEGER TYPE 

2.29 	 A railway track runs parallel to a road until a turn brings the road to railway crossing. A cyclist rides 
along the road everyday at a constant speed 20 km/hr. He normally meets a train that travels in same 
direction at the crossing. One day he was late by 25 minutes and met the train 10 km before the 
railway crossing. The speed of the train (in km/hr) is 30N then the N is . 

• ~~~eD~Dm~~ 	 )I( 


\. J 

/" '> 

( -

;--" 

, .

/ "' 
(- / 

r-" 
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( 
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TOPIC 

3 
 PROJECTILE MOTION 


SECTION M 	 I : STRAIGHT OBJECTIVE TYPE r: 
3.1 	 A body is thrown horizontally with a velocity J2gh from the top of a tower of height h. It strikes the level 

ground through the foot of the tower at a distance x from the tower. The value of x is : 

h 	 2h 
(A) h 	 (B) "2 (C) 2h (0) 3" 

3.2 	 It was calculated that a shell when fired from a gun with a certain velocity and at an angle of elevation ~~ rad, 
should strike a given target. In actual practice, it was found that a hill just prevented the trajectory. At what 

angle of elevation should the gun be fired to hit the target? 

5n 1111: 7rc 13n: 

( (A) 36 rad (B) 36 rad (C) 36 rad (0) 36 rad. 


( 	 3.3 A ball is projected horizontally with a speed v from the top of a plane inclined at an angle 450 with the 

horizontal. How far from the point of projection will the ball strike the plane? 

2V2\ 
v2 v2 	

2V2]
(A)g (B) J2 g (C)g 	 (0) J2 [9 

( 3.4 	 Consider a boyan a trolley who throws a ball with speed 20 mls at an angle 3r with respect to trolley
" 

in direction of motion of trolley which moves horizontally with speed 10 mls then what will be maximum 
, 
! 	 distance travelled by ball parallel to road: 

(A) 20.2 m (B) 12 m (C) 31.2 m (0) 62.4 m 
(. 

\. 3.5 A particle is projected up the inclined plane such that its component of velocity along the incline is 10 m/s. 


r Time of flight is 2 sec and maximum height above the incline is 5 m. Then velocity of projection will be : 

\ 


(A) 10 mls (B) 10 J2 mls (C) 5 J5 mls (0) none 
r
'-. 

3.6 Two men A and B, A standing on the extended floor nearby a building and B is standing on the roof of the 
r building. Both throw a stone each towards each other. Then which of the following will be correct: '\. 

(A) stone will hit A, but not B 

( (B) stone will hit B, but not A 


(C) stone will not hit either of them, but will collide with each other 

(. (0) none of these
"

3.7 	 A particle P is projected from a point on the surface of smooth inclined plane (see figure). Simultaneously 
another particle Q is released on the smooth inclined plane from the same position. P and Q collide on the 

( 	 inclined plane after t =4 second. The speed of projection of Pis: (in m/s)<c .. 

Q( 

60· 
1,/ , ~ 

(A) 5 mls (B) 10 mls (C) 15 mls (0) 20 mls 

(. 3.8 	 A particle is projected from a point (0, 1) on Y-axis (assume + Y direction vertically upwards) aiming towards 
a point (4, 9). It fell on ground along x axis in 1 sec. Taking g 10 m/s2 and all coordinate in metres. Find the 
X-coordinate where it fell : 

( 	 (A) (3,0) (B) (4, 0) (C) (2, 0) (0) (215,0) 
\~ 

c 118~~efeltt~US~ 	 )J( 


c 
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3.9 	 Velocity of a stone projected, 2 second before it reaches the maximum height, makes angle 53° with the 
horizontal then the velocity at highest point will be : (in m/s) 
(A) 20 m/s (B) 15 m/s (C) 25 m/s (0) 80/3 mls 

3.10 	 A stone is projected from a horizontal plane. It attains maximum height 'H' & 
strikes a stationary smooth wall & falls on the ground vertically below the 
maximum height. Assume the collision to be elastic, the height of the point on /,'-, 

the wall where ball will strike is : wmllmmnnnnnnnm--ml' 1h 
H 	 H (C) 3H(A) ~ (B) "4 	 (D) None of these 
L. 	 4 

3.11 	 A particle is projected from a tower as shown in figure, then the distance from 
the foot of the tower where it wHl strike the ground wil! be : (take 9 :: 10 m/s2) 
(A) 4000/3 m 
(B) 5000/3 m 
(C) 2000 m 
(D) 3000 IT'! 

37· 

" 500 m/s
3 

/-~"\ 

~, 

'1(_ ,J _t. .".,~J!' 

3.12 	 Distance behn/een a frog and an insect on a horizontal plane is 10m. Frog can jump with a maximum speed 

of Fa m/s. 9 =1 0 m/~2. Minimum number of jumps required by the frog to catch the insect is : 

(A) 5 	 (8)10 (C) 100 (0)50 c 
3.13 	 A particle starts from the origin at t;::: 0 and moves in the x-y plane with constant acceleration 'a' in the 

y direction. Its equation of motion is y :::: bx2. The x component of its velocity (at t :: 0) is : 

2a 	 a a~ 	 f
(A) variable (8) Jb (C)2b (D) 2b 

3:14 	 A projectile is fired at an angle El with the horizontal. Find the condition under which it 
lands perpendicular on an inclined piane inciination 0: as silown in figure. 
(A) sin 0: ::;: cos (8 -. a) 	 (8) cos a ;::: sin (8 - a) 
(C) tan e ;::: cot (8 - a) 	 (D) cct(e - ex) 2tano: 

SECTION - II : MULTiPLE ANSWER TYPr:: 

3,15 A particie is projected at an angle 8 from ground 'vvith speeej u (g 10 m/s2) : 


(A) if u == 10 m/s and e::: 30°, then time of flight IiviH be 1 sec. 

(B) if u 10-/3m/s and e::::; 600 , then time of flight wil! be 3 sec. 

~ f 

---' f' 

'...... ,

/ .'. 

"-J 
r~. 

t~(e) if u ::;: 10-/3rnls and e= 60°, then after 2 sec velocity becomes perpendicular to init.ial velocity. 

(D) if u :: 10 m/s and e:: 300, then velocity never becomes perpendicular to initial velocity during its flight. 

3:16 	 A particle is projected vertically upwards with a veiocity u from a pOint 0 . When it returns to the point 
f . 	 .'o. proJeciion : 

(A) its average velocity is zero 	 (8) its displacement is zero 
(C) its average speed is u/2 (0) its average speed is u. 	 c 

3.17 	 Aparticle of mass mmoves along a curve y:: x2• When particle has x -co-ordinate as 1/2 and x component 
of velocity as 4m/s then: 
(A) the position coordinate of particle are (1/2,1/4) 
(8) the velocity of particle will be alol1g the line 4x 4y ~ 1 :: O. 

(C) the magnitude of velocity at that instant is 4../2. m/s 	 I
E 

J 
' 

(D) the magnitude of angular momentum of particle about origin at that position is O. 

3.18 	 A stone is projected from level ground attime t=O. Let Vx and Vy are the horizontal and vertical components 
of velocity at any time t ; x and yare displacements aiong horizontal and vertical from the point of 
projection at any time t. Then: c 
(A) v -	 t graph is a straight line 

(-J(8) /- t graph is a straight iine passing through origin 
(C) y - t graph is a straight line passing through origin 

L(D) VX -	 t graph is a straight line 

cB!~ea~n~! 	 )II( 

L 
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3.19 Two balls are thrown from an inclined plane at angle of projection a with the plane one up the incline 
plane and other down the incline as shown in the figure. If R1 & R2 be their respective ranges and h1 & 
h2 bethe1r'r'espective maximum height then ",.,--- ., 

/U 
\ 
{ 	 ,~ 

o e ~ .:.L-~ oh,+R~ ~	 \ 

(A) h j =h2 	 (8) R2 R1 =T/ 

(C) R .- R1 ::: 9 sin eT/ 	 (D) R2 -- Rj ::: 9 sin eT/z 

( 3.20 A. ball is projected horizontally from top of a 80 m deep well with velocity 10 m/s. t[J"0m/5Then particle will fal! on the bottom at a distance of (all the collisions with the wall II I ,/" are elastic) : 
(A) 5 ill from A 	 8tl" 
(8) 5 m from B 	 1'A B( 
(C) 2 m from A ~7m--l> 

(0);2 m from B 

/ 
SECTiON, : ASSERTiON REASON TYPE 

'\ 

3.21 Statement~1 : Two stones ate simultaneously projected from level ground from same point with same 
(, speed but different angles with !lor!zrmtal Both stones move in same verticai plane. Then the two 

stones may co!lide in mid air. 
(" Statem~i1t-2 : For two stones projected simultaneously from same point with same speed at different 

angles with horizontal, their trajectories may intersect at some point. 

( (Aj Statement-1 is True, Statement-2 is True; Statenle!1t~-2 is a correct explanation for Statement-1. 


(8) Statement-1 is True, Statement-2 is 1 rue; Statament-2 is NOT a correct explanation for Statement-1 
(C) Statement-'! is True. Statement-2 is False 
(0) Statement~1 is False, Statement-2 is True 

( 3.:22 	 Statement-1 : During fligtlt under action d gravity, the change in veiocity of a projectile in same time 
intervals is same. (Neglect air frictio;i)

( 
S~tatemefl~" 2 : Neglecting air friction, tile acceleration of projectile is constant during flight. 

(.L\) Statement-1 is True, Statement-2 ~s True; Staternent-2 is a correct explanation for Statement-1 
C (B) StatzlTlent·1 is True, Statement-2 IS True; Statement·2 is NOT a correct explanation for Statement-1 
(C) Statement-i is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

( SECTiON ~V : COMPREHENSION TYPE m 

(." Comprehension u=20mis 

The direction of velocity of a particle at time t=O is as shown in the figure and has 


( 
 magnitude u '" 20m/s. The acceleration of particle is always constant and has 

magnitude 10m/52 •The angle between its initial velocity and acceleration is 12r. 


C (Take sin 37° := 3/5) 


(. 3.23 	 The instant of time at which acceleration and velocity are p:;rpendicular is : 
(A) 0.6 sec. 	 . (8) 1.2 sec.

(  (C) 2.4 sec. 	 (D) None of these 

If 3.24-	 The instant of time at which speed of particle is least:,---. 
(A) 0.6 sec. (8) 1.2 sec. (C) 2.4 sec. (0) None of these 

f 
"-" 3.25 	 The instant of time t at which acce!eratlon of partide is perpendicular to its displ?cement (displacement 

from t ::: 0 til! that instant t) is : 
(A) 0.6 sec. (8) 1.2 sec. (C) 2.4 sec. (0) None of these 

/ 
~ 

{ Resonance 	 )I(
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SECTION - V : MATRIX - MATCH TYPE 

3.26 	 In the column-I, the path ofa projectile (initial velocity 10 mls and angle of projection with horizontal 60° in all 
cases) is shown in different cases. Range 'R' is to be matched in each case from column-II. Take g =10 ml 
S2. Arrow on the trajectory indicates the direction of motion of projectile. 
Match each entry of column-I with its corresponding entry in column-II 

Column-I 	 Column-II 

R = 15J3(A) 	 (p) 10m 	
r--.~>X

( 	 R ) "- .. 

40
(B) 

y 
1/ 

! '(--R 

i 	 (q) R=-m , 11.25 3 

t)( 

Y 
f 

(C) (r) R = 5J3m \ 

~o~ (, " 
)IX 

y 
20 

(s) 	 R=-m(0) 
3I h:<,..'; 

x 
(t) 	 . R = 100m 

'-_/ 

3.27 	 A ball is thrown at an angle 75" with the horizontal at a speed of 20 mls towards a high wall at a distance 
d, If the ball strikes the wall. its horizontal velocity component reverses the direction without change in , ' 

" /magnitude and the vertical velocity component remains same. Ball stops after hitting the ground. Match 
the statement of column I with the distance of the wall from the pOint of throw in column II . 

'- /Column I 	 Column II 
(A) Ball strikes the wall directly 	 (p) d = 8 m 
(B) Ball strikes the ground at x = 12 m from the wall (q) d = 10m 
(C) Ball strikes the ground at x = 10m from the wall (r) d = 15 m 
(0) Ball strikes the ground at x = 5 m from the wall (s) d =25 m 

(t) 	 d = 30 m cSECTION - VI : INTEGER TYPE 

3.28 	 A stone is dropped from a height of 45 m from horizontal level ground. There is horizontal wind blowing 
due to which horizontal acceleration of the stone becomes 10 m/s2 . ( Take g= 1 Om/s2) Find time taken 
by stone to reach the ground. (in m/s) 

3.29 	 A projectile is fired into the air from the edge of a 100 m high cliff at an angle of 37" above the horizontal. 
The projectile hits a target 400 m away from the base of the cliff. If initial velocity of the projectile, Vo is 

xFs mls then x is ? (Neglect air friction and assume x-axis to be horizontal and y-axis to be vertical). 

c 
«--400m~ 

(. . 

1I~~~9~~QS~ 	 )I( 
~; 
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J TOPIC 

14 RELATIVE MOTION 

! . , 
(~ECTION - I : STRAIGHT OBJECTIVE TYPE 

4.1 A train is standing on a platform, a man inside a compartment of the train drops a stone. At the same 
instant train starts to move with constant acceleration. The path of the particle as seen by the person who 

drops the stone is : 
(A) parabola 
(8) straight line for sometime & parabola for the remaining time 
(C) straight line 
(D) variable path that cannot be defined , 

4.2 A man wearing a hat of extended length 12 cm is running in rain falling vertically downwards with speed 10 
(' 

\. m/s. The maximum speed with which man can run, so that rain drops does not fall on his face (the length of 
his face below the extended part of the hat is 16 cm) will be : 

( (A) 7.5 mls (B) 13.33 mls (C) 10 mls (D) zero 

(.3 	 A car starts with constant acceleration a = 2m/s2 at t == O. Two coins are released from the car at 
t == 3 & t == 4. Each coin takes 1 second to fall on ground. Then the distance between the two coins will be : 

f' 

\. 	 (Assume coin sticks to the ground) 
(A) 9 m 	 (B)7 m (C) 15 m (D) 2m 

( 

4.4 A swimmer crosses the river along the line making an angle of 45° with the direction of flow. Velocity of the 
( river is 5 m/s. Swimmer takes 6 seconds to cross the river of width 60 m. The velocity of the swimmer with 

( 
respect to water will be : 


\. 
(A) 10 mls (8) 12 mls (C) 5.Js mls (D) 10.fi mis' 


r'

\. 

4.5 A man in a balloon, throws a stone downwards with a speed of 5 mls with respect to 

balloon. The balloon is moving upwards with a constant acceleration of 5 m/s2. ThenC 
velocity of the stone relative to the man after 2 second is : 
(A) 10 mls (B) 30 mls (C) 15 mls (D) 35 mls 

(' 

"4.6 	 Three stones A, Band C are simultaneously projected from same point with same speed. A is thrown 
upwards, B is thrown horizontally and C is thrown downwards from a building. When the distance between 
stone A and C becomes 10m, then distance between A and B will be: 

( (A) 10 m (B) 5 m 	 (C) 5../2 m (D) 10.J2 m 

L~·7 A projectile A is projected from ground. An observer B running on ground with uniform velocity of magnitude 
'v' observes A to move along a straig ht line. The time of flight of A as measured by B is T. Then the range R 

(. of projectile on ground is : 
(A) R == vT (8) R < vT 

C (C) R > vT (D) information insufficient to draw inference 

r 4.8 	 Two aeroplanes fly from their respective position 'A' and 'B' starting at 
\.., 	 the same time and reach the point 'C' (along straight line) simultaneously o 

when wind was not blowing. On a windy day they head towards 'C' but w+c both reach the point '0' simultaneously in the same time which they took s 
to reach 'C', Then the wind is blowing in : 	 AI Iec 
(A) North-East direction 

{ (B) North-West direction 
\.. 

(C) Direction making an angle 0 < e< 90 with North towards West. B 

(D) North directionc 
c • B~~eQ~nS~ 	 )( 
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4.9 	 A particle is thrown up inside a stationary lift of sufficient height. The time of flight is T. Now it is thrown 
again with same initial speed Vo with respect to lift. At the time of second throw, lift is moving up with 
speed Vo and uniform acceleration g upward (the acceleration due to gravity). The new time offlightis: 

(A) : (B) ~ (C)T 	 .(0)2T 

c4.10 	 A swimmer crosses a river with minimum possible time 10 second. And when he reaches the other end 
starts swimming in the direction towards the point from where he started swimming. Keeping the direction c;.
fixed the swimmer crosses the river in 15 sec. The ratio of speed of swi m mer with respect to water and the 
speed of river flow is (Assume constant speed of river & swimmer) : I' , " 

3 9 	 2 
(A) '2 (B) 4 (C) ~ (0) ~ 	 (;. 2 

4.11 	 A taxi leaves the station X for station Yevery 10 minutes. Simultaneously, a taxi also leaves the station 
Y for station X every 10 minute$. The taxis move at the same constant speed and go from X to Y or 
vice versa in 2 hours. How many taxis coming from the other side will meet each taxi enroute from Y 
to X: /~ " 

(A) 11 	 (B) 12 (C) 23 (0) 24 
/ '. 

~ ." 

4.12 	 Consider a collection of a large number of particles each with speed v. The direction of velocity is 
randomly distributed in the collection. The magnitude of the relative velocity between a pair of particles /' 

~ 

averaged over all the pairs in the collection is : 

(A) greater than v (8) less than v (C) equal to v (0) we can't say anything 

4.13 	 An aeroplane is flying in geographic meridian vertical plane at an angle of 300 obove with the 
horizontal (north) and wind is blowing from west. A package is dropped from an aeroplane. The (' , , 

~ 

velocity of the wind if package hits a kite flying in the space with a position vector 

R= (400.J3i +801 +2001<) m with respect to the point of dropping.(Here i and] are the unit vectors 

along north and vertically up respectively and k be the unit vector due east. : 
(A) 50 m/sec (B) 25 m/sec (C) 20 m/sec (O) 10 m/sec 

SECTION - n : MULTIPLE CORRECT ANSWER TYPE 

4.14 	 A river is flowing with a speed of 1 km/hr. A swimmer wants to go to pOint 'C' starting from 'A'. He swims C 
with a speed of 5 km/hr, at an angle e w.r.t. the river. If AB = BC = 400 m. Then: 

B <; 
1km/hr 

-- ~! c:tP. 
A 

(A) the value of e is 53° (B) time taken by the man is 6 min 	 c 
(C) time taken by the man is 8 min (0) the value of e is 45° c 

4.15 	 A swimmer who can swim in a river with speed mv(with respect to still water) where v is the speed of river e 
current, jumps into the river from one bank to cross the river: m in a position contant] 
(A) If m ~ 1 he can not reach a point on other bank directly opposite to his starting point 	 () 
(B) If m < 1 he can not cross the river 

(
'-J 

" 
(C) If m > 1 then only he can reach a point on other bank 
(0) He can reach the other bank at some point, whatever be the value of m. c 

cII B~~E?rl~nS! 	 .• 
c 
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,4.16 	 A man is standing on a road and observes that rain is falling at angle 45° with the vertical. The man 
starts running on the road with constant acceleration 0.5 m/s2. After a certain time from the start of 

the motion, it appears to him that rain is still falling at angle 45° with thevertical, with speed 2.J2 m/s. 

Motion of the man is in the same vertical plane in which the rain is falling. Then which of the following 
statement(s) are true: 
(A) It is not possible 
(8) Speed of the rain relative to the ground is 2 m/s. 
(C) Speed of the man when he finds rain to be falling <3t angle 45° with the vertical, is 4m/s. 
(D) The man has travelled a distance 16m on the road by the time he again finds rain to befalling at angle 45°. 

4.17 	 Two stones are thrown vertically upwards simultaneously from the same point on the ground with 
initial speed u1 = 30 m/sec and u2 = 50 m/sec. Which of the curve represents correct variation (for 
the time interval in which both reach the ground) of 
(X2 - x1) = the relative position of second stone with respect to first with time (t). 
(V2 - v1) = the relative velocity of second stone with respect to first with time (t). 

( 	 Assume that stones do not rebound after hitting the ground 
\ 

\ 
(' 

(A) (",-X,11 - . (8) (,,-,If / (e) (''-'l-~ (D) ("~l=J_ 

( ~t ~t I 'I 
 ,t " 
/ 

\ 


( SECTION - III : ASSERTION AND REASON TYPE 

; 4.18 	 Statement-1 : The magnitude of velocity of two boats relative to river is same. Both boats start simultaneously 
\ 

from same point on one bank may reach opposite bank simultaneously moving along different paths. 
( 
\ Statement-2 : For boats to cross the river in same time. The component of their velocity relative to river in 

direction normal to flow should be same. 

\. 
( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
l
/' 

(C) Statement-1 is True, Statement-2 is False 

( (D) Statement-1 is False, Statement-2 is True 

'-., 


( ,4.19 	 Statement-1 : Three projectiles are moving in different paths in the air. Vertical component of relative velocity 
between any of the pair does not change with time as long as they are in air. Neglect the effect of air 

r' friction.\. 

Statement-2 : Relative acceleration between any of the pair of projectiles is zero. 
( 
\. 	 (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(, (C) Statement-1 is True, Statement-2 is False 

f (D) Statement-1 is False, Statement-2 is True 
"

( 	 4.20 Statement-1 : Two stones are projected with different velocities from ground from same point and at 
same instant of time. Then these stones cannot collide in mid air. (Neglect air friction) 
Statement-2: If relative acceleration of two particles initially at same position is always zero, then the 
distance between the particle either remains constant or increases continuously with time. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 

;- (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement 1 
"-. (C) Statement-1 is True, Statement-2 is False 

( (D) Statement-1 is False, Statement-2 is True. 
1... 

\'" 
II ~~~8D~DnS:r~ 	 )I( 
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SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 

A swimmer can swim with a speed v in still water. 
'. 

8 

A 
/', 

fig (i) 

4.21 	 If the swimmer crosses a swimming pool ofwidth 'd' from A to directly opposite point B on other side in time " 
t1 as shown in figure (i) and in a flowing river (river velocity 'u') of same width d from A' to directly opposite . 

point 8' on other bank in time ~ then {t/tJ is equal to : (Assume v > u)I 

2~ 	 c-;; 
(A) V1-~ (8) ~1+ u2 (C) V1-7 (D) 1 

v	 ( 

4.22 	 If the minimum time taken by swimmer in swimming pool to reach opposite bank is t/ and minimum. time to 

t' 

reach opposite bank in river is t2 ' ,then the ratio t~ will have a value: 


2 	 2 

(A) 1 	 (B) ~v2 + u (e) ~V2 - u (D) ::: 

./ 

v U v 

4.23 	 If the time taken by swimmer to reach opposite pOint on other bank in river is T 1 and the time taken to travel 

T 
an equal distance upstream (against the water current) in the river is T2 ' then ratio T2 will have a value :'/ 

2-Jv2 _ u/1+U/V 	 (D) -Jv2 _u2t-u/v 	
1 

(A) 1+u/v (8) '1-u/v (e) (v + u) 	 v 

Comprehension # 2 

Raindrops are falling with a velocity 1o.,fi mls making an angle of 45° with the vertical. The drops appear to 
be falling vertically to a man running with constant velocity. The velocity of rain drops change such that the 
rain drops appear to be falling vertically with now the velocity it appeared earlier to the same person running 

with same velocity. 

4.24 	 The magnitude of velocity of man with respect to ground is: 
c(A) 10.,fi mls (8) 10.J3 mls (e) 20 mls (D) 10m/s 

4.25 	 After the velocity of rain drops change, the magnitude of velocity of raindrops with respect to ground is: 

(A) 20 mls (8) 20.J3 mls (C) 10 mls (D) 10.J3 mls 

4.26 	 The angle (in degrees) between the initial and the final velocity vectors of the raindrops with respect to the () 

ground is: 

(A) 8 	 (8) 15 (e) 22.5 (D) 37 

rl8~~en~n~~ 	 )I( 
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SECTION - V : MATRIX - MATCH TYPE 

4.27' Two particlesAand B moving in x-y plane are at origin at t = asec. The initial velocity vectors ofAand·,· 

Bare u = 8i mls and UB = 8] m/s. The acceleration of Aand B are constant and are 8A = -2 i m/s2A 

and aB = - 2] m/s2. Column I gives certain statements regarding particle A and B. Column II gives 

corresponding results. Match the statements in column I with corresponding results in Column II. 

Column-I, Column-n 
(A) The time (in seconds) at which velocity (p) 1SJi 


,( ofA relative to B is zero 


(8) The distance (in metres) between A and B (q) 8Ji
(, when their relative velocity is zero. 

( 
(C) The time (in seconds) after t = 0 sec, (r) 8 

\ at which A and B are at same position 
/ ' (D) The magnitude of relative velocity ofA and 8 (s) 4 
\ at the instant they are at same position. 

( (t) 6 secconds 
" 
(' 4.28 Two particles A & B are projected as shown in fig in x-y plane. Under the effect of force which provide a 
\ 

constant acceleration a =11 m/s2 in negative y-direction. Then match situation in column-I with the 
, 
\ corresponding results in column-II (AI! positions are given in metre) (VAB = velocity ofAW.r.t. B; rAB = 

/ Position of A w.r.t. 8). 
y 

( 
\ 10 m/s 

( 
A 


( 
~.~v { )X


20m/s
" 
'-..' 
( 

-....~ 
(20, -5)C 

Column-I Column-IT 


( 

(A) Separation between the two particles is minimum at .... sec. (p) 0 


( (8) Minimum separation between the two particles is ........m. (q) 0.5

\.. 

(C) Time when velocities of both particles are perpendicular (r) 0.9 

( each other at .... sec. 


( (D) At the time of minimum separation VAB'-;'AB = (s) 2 
~ 

(t) 2~ 
C SECTION _ VI : INTEGER TYPE 
( 

4.29 When two bodies move uniformly towards each other, the distance between them diminishes by 16 m 
r~, every 10 s. If velocity of one body is reversed the distance between them will decrease 3 m every 5 s.\... 

C Itspeed of second body is !Q mls then x is x 

(' 4.30 A swimmer jumps from a bridge over a canal and swims 1km upstream. After that first km, he passes a 

[ floating cork. He continues swimming for half an hour and then turns around and swims back to the bridge. 
"- The swimmer and the cork reach the bridge at the same time. The swimmer has been swimming at a 

( constant speed. If speed of water in canal is X km/hr., then X is 
' 

c • B~~et:lt~USr! )I( 
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TOPIC 

5 
 NEWTON'S LAW OF MOTION 


SECTION - I : STRAIGHT OBJECTIVE TYPE 
'. 

5.1 	 A light spring is compressed and placed horizontally between a vertical fixed 
wall and a block free to slide over a smooth horizontal table top as shown in 
the figure. The system is released from rest. The graph which represents the 

,;~~
relation between the magnitude of acceleration' a' of the block and the distance 

, x' travelled by it (as long as the spring is compressed) is : 


(A)!~ (8)!~ (c)!L (O)!~ 

o x- o x- 0 x-' 0 x

5.2 	 In the figure shown the acceleration of A is, a
A 
= 15i+15] then the acceleration of B is: (A remains in 

contact wi;th B) 

L 


(A) 6i 	 (B)-15i (C)-10i (0) - 5i 

5.3 Two blocks Aand Bof masses m &2m respectively are held at rest such that the spring is in natural length. 
Find out the accelerations of both the blocks just after release: 

(A) g ,j,., g ,j,. (B).¥. ,j,. .¥. t (C) 0, 0
3 ' 3 

5.4 	 A bob is hanging over a pulley inside a car through a string. The 
second end of the string is in the hand of a person standing in the 
car. The car is moving with constant acceleration 'a' directed 
horizontally as shown in figure. Other end of the string is pulled 
with constant acceleration' a' vertically downward. The tension in 

the string is equal to : 

(A) m~g2-+a2 	 (B) m ~g2 + a2 - ma . 

(C) m ~g2 + a2 + ma 	 .(0) m(g + a) 

• 8~~9Ctt~nSr~ 

(0) g ,j,., 0 

~ 
a 

)r( 


\ 

f' 
, / 

I' 
\ / 

( ~, 

c· 
\ 

\. / 

, ~ 

(" 

(-. 
...... / 

c 
c 
(, 
'-J 

(, 

"--" 

c 
c 
c 
o 
o 
c 
(. 

\...

c 
c 
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5.5 	 Inside a horizontally moving box, an experimenter finds that when an object is placed on a smooth 
horizontal table and is released, it moves with an acceleration of 10 m/s2. In this box if 1 kg body is 
suspended with a light string, the tension in the string in equiJibriumposition. (w.r.t. experimenter) will 
be. (Take g = 10 m/s2) 	 ". . '. '. 

(A) 10 m/s2. (B) 10-/2 m/s2. (C) 20 m/s2. (O) zero 
~ : 

5.6 	 Two blocks 'P\ and 'B' each of mass 'm' are placed on a smooth horizontal surface. Two horizontal 
( -, . / 	 force F and 2F are applied on both the blocks 't< and 'B' respectively as shown in figure. The block A 

does not sllde on block B. Then the normal reaction acting between the two blocks is : 
A B 

~ 

(A) F 	 (B) F/2 (C) J3F 

(0) 3F 

,
\, 5.7 In the ariangement shown, by what acceleration the boy must go up so that 100 kg block remains 

stationary on the wedge. The wedge is fixed and friction is absent everywhere. (Take g =10 m/s2)
( 

( 

f 
\ 

( 

(A) 2 m/s2 (B) 4 m/s2 (C) 6 m/s2 (O) 8 m/s2 

/ 

\.. 5.8 A block of mass m lies on wedge of mass M, which lies on fixed horizontal surface. The wedge is free 

( to move on the horizontal surface. A horizontal force of magnitude F is applied on block as shown, 
\. 

neglecting friction at all surfaces, the value of force F such that block has no relative motion W.r.t. 
r 
~ 

wedge will be : (where 9 is acceleration due to gravity) 

( 

c 
c 
( 
\\... m 	 m 

(A) (M + m) 9 tanS (B) (M + m) g cots . (C) M(M + m) g tanS (O) M (M + m) g cote 

{ 5.9, In the figure shown the velocity of lift is 2 mls while string is winding on the motor shaft with velocity 2 
\.. m/s and block A is moving downwards with a velocity of 2 mIs, then find out the velocity of block B. 

m=50kg 

Fixed horizontal surface 

t2m/s . 

t
'c., 

(A) 2 mls t (B) 2 m/s J. (C) 4 m/s t (0) 8 m/s t 

l. ~~~~~~~[!~~-----------------------------------------------------

c 

c 
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5.10 	 System is shown in the figure. Assume that cylinder remains in contact with the two wedges. The 
velocity of cylinder is 

Cylinder 

u m/s 

(A) ~19 - 4/3 ~ mls (8) J13u (C) J3u mls (0) .fiumls2 mls
2 

5.'!'! 	 A block of mass m1 lies on top of fixed wedge as shown in figure-1 and another block of mass mzlies 
on top of wedge which is free to move as shown in figure-2. At time t =0, both the blocks are released 
from rest from a vertical height h above the respective horizontal surface on which the wedge is 
placed as shown. There is no frcition between block and wedge in both the figures. Let T1 and T2 be 
the time taken by block in figure-1 and block in figure-2 respectively to just reach the horizontal 
surface, then : ./ 

\ 

horizontal surface smooth horizontal surface 
figure-1 figure-2 

(A) T1 > Tz (8) Tl < T2 (C) Tl = T2 (0) Oata insufficient 

5:i2 	 A plank is held at an angle 0'. to the horizontal (Fig.) on two fixed supports A and 8. The plank can 
slide against the supports (without friction) because of its weight Mg. Acceleration and direction in 
which a man of mass m should move so that the plank does not move. 

r -, 
\, 

'. d 

(A) 9 sin a (1 + ~) down the incline (8) g sin a (1+ ~) down the incline 

( m' 	 ( M' 
(C) 9 sin a l1+ Mj up the incline (0) g sin a l1+ mj up the incline 

5.13 	 in the situation shown in figure all the string are light and inextensible and pullies are light. There is no 
friction at any surface and all block are of cuboidal shape. A horizontal force of magnitude F is 
applied to right most free end of string in both cases of figure 1 and figure 2 as shown. At the instant 

shown, the tension in all strings are non zero. Let the magnitude of acceleration of large blocks (of 
mass M) in figure 1 and figure 2 are a1 and a2 respectively. Then: 

c 

F 
if-" v

smootnlionzontar surface smooth horizontalsurface 
figure-1 figure-2 

(A) a1 =a2 *" 0 (8) a1 - a2-- 0 (C) a1 > .a2 (0) a1 < a2-

c8~~e~~n~~ 	 )I( 
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.14 A pendulum of mass m hangs from a support fixed to a trolley. The direction of the string when the 

trolley rolls up a pla.ne of inclination a. with acceleration a iso 

1 
ao +9sina)

(A) e = tan-1 a. (B) e = tan-1 (a;) (C) e =tan-1 (a9 
) (D) e = tan- ( gcosa

0 
(, . 

,!?15 A rod of length 2£ is moving such that its ends A and B move in contact with the horizontal floor and 
\ vertical wall respectively as shown in figure. 0 is the intersection pOint of the vertical wall and horizontal 

floor. The velocity vector of the centre of rod C is always directed along tangent drawn at C to the ( 

B 

( 
\. 


A 


f!. 
(A) circle of radius 2 whose centre lies at 0 (B) circle of radius f!. whose centre lies at 0 

( 

(C) circle of radius 2£ whose centre lies at 0(0) None of these 

( 


(5.16 In the figure shown, a person wants to raise a block lying on the ground to a height h. In both the 
\. cases if time required is same then in which case he has to exert more force. Assume pulleys and 

( strings light. 
" 
(". 
( 

( 

\. 
(il (ii) ,.( 

(A) (i) 	 (B) (ii) 

(C) same in both 	 (0) cannot be determined( 
5.17 A cylinder rests in a supporting carriage as shown. The side AB of carriage makes an angle 300 with the 
~ 	 horizontal and side BC is vertical. The carriage lies on a fixed horizontal surface and is being pulled 

towards left with an horizontal acceleration' a '. The magnitude of normal reactions exerted by sides AB and 
BC of carriage on the cylinder be NAB and Nac respectively. Neglect friction everywhere. Then as the 
magnitude of acceleration 'a' of the carriage is increased, pick up the correct statement: 

( 	 C 

C 

( 

C 

( 	 (A) NAB increases and NBC decreases. (B) Both NAa and Nac increase. 
(C) NAB remains constant and NBC increases. (D) NAB increases and NBC remains constant. 

,-
, •~.~~~eC1~U~r~--------------------------------:----
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5.18 	 A car is moving on a plane inclined at 300 to the horizontal with an acceleration of 9.8 m/s2 parallel to the 
plane upward. A bob is suspended by a string from the roof. The angle in degrees which the string makes 
with the vertical is : (Assume that the bob does not move relative to car) [g =9.8 m/s2] 
(A) 20° 	 (8) 30° (C) 45° (0) 60° 

5.19 	 In the figure shown, the pulleys and strings are massless. The acceleration of the block of mass 4m just 

3 
after the system is released from rest is (9 = sin-1 5) 

29 	 5g 5 
(A) 5 	 downward (B) "5 upwards (C) 11 upwards (0) 11 downwards 

5.20 	 Five persons A, B, C, 0 & E are pulling a cart of mass 100 kg on a smooth surface and cart is moving with 
acceleration 3 m/s2 in east direction. When person 'A' stops pulling, it moves with acceleration 1m/s2in the 
west direction. When person 'B' stops pulling, it moves with acceleration 24 m/s2 in the north direction. The 

( , 

magnitude of acceleration of the cart when only A & B pull the cart keeping their directions same as the old 
directions, is : 

(A) 26 m/s2 (8) 3Ji1 m/s2 (C) 25 m/s2 (0) 30 m/s2 

5.21 	 A body of mass 32 kg is suspended by a spring balance from the roof of a vertically operating lift and going 
downward from rest. At the instants the lift has covered 20 m and 50 m, the spring balance showed 30 kg & 
36 kg respectively. The velocity of the lift is: 
(A) decreasing at 20 m & increasing at 50 m 
(B) increasing at 20 m & decreasing at 50 m 	 ( 

(C) continuously decreasing at a constant rate throught the journey 
(0) continuously increasing at constant rate throughout the journey 

r5.22 	 Mass m shown in 1I:ie figure is in equilibrium. If it is displaced further by x and released find its acceleration '-/ 
/' 

just after it is released. Take pulleys to be light & smooth and strings light. 

k 

(' 
'-' 

mnn: 
4kx 	 2kx (C) 4kx (0) none of these(A) 	 5m (B) 5m m 

(, 
\..J 

5.23 	 Initially the spring is undeformed. Now the force 'F' is applied to 'B' as shown in the figure. When the cdisplacement of 'B' w.r.t. 'A' is 'x' towards right in some time then the relative acceleration of 'B' w.r.t. 
'A' at that moment is : 

FA B 

(B) F -	 kx (C) F - 2 kx(A) 	 F (0) none of these 

2m m m 


rl8u!~EQtt~nSr! 	 )( 
{ 

. ,,.;' 

c 

c 
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'.:>.24 	 Four identical metal butterflies are hanging from a light string of length 5f at equally placed points as shown 
in the figure. The ends of the string are attached to a horizontal fixed support. The middle section of the 
string is horizontaL The'relationbetween the angle 9, and 62 is given by 

(A) sin6, 	 2 sin9 (B) 2cos9 = sin62 	 1 2 
(C) tan9, = 2 tan92 	 (0) 92 < 91 and no other conclusion can be derived. 

SECTION - II : MULTIPLE CORRECT ANSWER TYPE 
/'~ 

\. . 
5.25 A block of mass m is placed on a wedge, The wedge can be accelerated in four manners marked as 

f (1), (2), (3) and (4) as shown, If the normal reactions in situation (1), (2}, (3} and (4) are N
1

, N • N3
'-	 2

and N4 respectively and acceleration with which the block slides on the wedge in situations are b
1

, b
2

, 

b3 and b4 respectively then: 
.' 

/' 

\. 

/' 

\ 

( (2) 

a 

(3)(1 ) 

\, 
,r 	

(A) N3 > N1 > N2 > N4 (B) N4 > N3 > N1 > N2 

(C) b > b > b > b, 	 , (0) b > b > b, > b2 3	 4 2 3 4( 

( 	 5.26 In the figure shown all the surface are smooth. All the blocks A, Band C are movable, x-axis is horizontal 
and y-axis vertical as shown. Just after the system is released from the position as shown. 

c 
y 

c Lx 
( 

.' 
("', 
( 	 Horizontal Surface 
c-:

(A) Acceleration of 'A' relative to ground is in negativey-direction 
( 

(B) Acceleration of 'A' relative to B is in positive x-direction 
(C) The horizontal acceleration of 'B' relative to ground is in negative x-direction. 
(0) The acceleration of 'B' relative to ground directed along the inclined surface of 'C' is greater than g sin 9. 

C 5.27 	 A painter is applying force himself to raise him and the box with an accelera
tion of 5 m/s2 by a massless rope and pulley arrangement as shown in figure. C 
Mass of painter is 100 kg and that of box is 50 kg. If g = 10 m/s2, then: 
(A) tension in the rope is 1125 N 
(B) tension in the rope is 2250 N 

f (C) force of contact between the painter and the floor is 375 N ~ 

(0) none of these 

( m 	 )(
~~~eD~n£~ 
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5.28 	 Figure shows two blocks Aand 8 connected to an ideal pulley string system. 
In this system when bodies are released then: (neglect friction and take g 
=10 m/s2) 

(,1\) Acceleration of block A is 1 m/s2 

(8) Acceleration of block A is 2 m/s2 
.' 

(C) Tension in string connected to block 8 is 40 N 
i" 

(0) Tension in string connected to block 8 is 80 N 	 \ 

5.29 	 A cylinder of mass M and radius R is resting on two comer edges A and 8 
as shown in the figure. The normal reaction at the edges A and 8 are: 
(Neglect friction) 

f ' 

(A) NA =J2NB (8) NB ::: fiN A 

'i. 

(C) N = Mg 	 (0) N ::: 2fiMg
A	 B2 

5.30 	 Two blocks A and 8 of equal mass m are connected through a massless string and arranged as shown f' 

in the figure. The wedge is fixed on horizontal surface. Friction is absent everywhere. When the 
system is released from rest 

. . 	 t· . mg
(A) tenslon In s ring IS 2 

(C) acceleration of A is g/2 

" 

.' 

Starting Case 

(8) t . . t' . mg
enslon In s nng IS 4'" 

( 

(0) acceleration of A is 
3 
4 9 

5.31 	 Two blocks of mass M and m, are used to compress two different massless springs as shown in the 
figure. The left spring is compressed by 3 cm, while the right spring is compressed ~y an unknown 
amount. The system is at rest and all contact surfaces are smooth. Which of the following statements 
are true? 

C'7~""" 	
( " 

K2=? 
"Mm 

smooth horizontal surface 

(A) The force exerted on block of mass m by the right spring is 6 N to the left. 
(8) The force exerted on block of mass m by the right spring is impossible to determine. c(C) The net force on block of mass m is zero. 	 .' 
(0) The normal force exerted by block of mass m on block of mass M is 6 N. o 

f' 
V 

c
IIl1I Resonance 	 .-:t!A1 Educating for better tomorrow 

C','. , 
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(~ECTION - III : ASSERTION AND REASON TYPE 

.32-- Statement~t,: 8.1ockA is moving on horizontal surface towards right under action of force F . All surfaces are 
smooth. At the instant shown the force exerted by block A on block 8' is equal to net force on block 8. 

F 

2l~S't~mel1t-2 : From Newton's third law, the force exerted by block A on 8 is equal in magnitude to force 
exerted by block 8 on A. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 

\. (0) Statement-1 is False, Statement-2 is True 

( .33 Statement-1 : A man standing in a lift which is moving upward, will feel his weight to be greater than when 
the lift was at rest. 

\, 
( 

Statement-2 : If the acceleration of the lift is 'a' upward, then the man of mass m shall feel his weight to be 
equal to normal reaction (N) exerted by the lift given by N = m(g+a) (where g is acceleration due to gravity) 

( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

( 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True ( 

';.34 	 Statement-1 : According to the Newton's third law of motion, the magnitude of the action and reaction force 
in an action reaction pair is same only in an inertial frame of reference. 
Statement-2 : Newton's laws of motion are applicable in every inertial reference frame. ( 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 ( 
(C) Statement-1 is True, Statement-2 is False 	 ' 
(0) Statement-1 is False, Statement-2 is True. ( 

(SECTION -IV: COMPREHENSION TYPE 

( ,Comprehension # 1 

A light inextensible string connects a block of mass m and top of wedge of mass M. The string is 
( parallel to inclined surface and the inclined surface makes an angle e with horizontal as shown in the 

figure. All surfaces are smooth. Now a constant horizontal force of minimum magnitude F is applied to 
( wedge towards right such that the normal reaction on block exerted by wedge just becomes zero. 

( 

~ 

( mIn,:
smooth horizontal surface 

( 5.35 The magnitude of acceleration of wedge is 

C 
(A) g tanS (8) g cote (C) g sinS (0) g cosS 

C 
5.36 The magnitude of tension in string is 

(A) mg secS (8) mg cosecS (C) mg tane (0) mg cote 

(, 5.37 The magnitude of net horizontal force on wedge is : 
(; (A) Mg cotS (8) (M + m)g secS (C) (M + m)g cote (0) Mg cosece ,-,. 

• B~~eo~ns! 	 .. 




f0 Physics Ql~"'-'_'"U_ ~,~,=~=~~=- ----" ~..~. _.". - -ro JEE (Advanced) - RRB ~ 

Comprehension # 2 

Two smooth blocks are placed at a smooth corner.as shown in the figure. Both the blocks .are having 
mass m. We apply a force F on the small block m. Block A presses the block B in the normal . ( 
direction, due to which pressing force on vertical wall will increase, and pressing force on the hori
2;ontal wall decrease, as we increase F. (8 =3r with horizontal}. As soon as the pressing force on 
the horizontal wall by block B becomes zero, it will loose the contact with the ground. If the v.alue of F 
is further increased, the block B will accelerate in upward direction and simultaneously the block A 
will move toward right. 

y 

smooth 

x 

5.38 What is minimum value of F, to lift block B from ground: 

25 5 3 4. 
(A) 12mg (B) 4" mg (C) 4"mg (0) 3mg C~ 

5.39 If·both the blocks are stationary, the force exerted by ground on block A is : 
/ . 

3F 3F 4F 4F 
(A) mg + 4 (B) mg -"4 (C) mg + 3 (0) mg- 3 

5.40 If acceleration of block A is a rightward, then acceleration of block B will be : 

3a 4a 3a 4a 
\. 
/ '. 

/(A) "4 upwards (B) 3 upwards (C) 5 upwards (0) "5 upwards 
( , 

Comprehension # 3 

Two blocksAand B of equal masses m kg each are connected by a light thread, which passes over a 
massless pulley as shown in the figure. Both the blocks lie on wedge of mass m kg. Assume friction to 
be absent everywhere and both the blocks to be always in contact with the wedge. The wedge lying 
over smooth horizontal surface is pulled towards right with constant acceleration a (m/s2). (g is 
acceleration due to gravity) 

c 
c 

5.41 Normal reaction (in N) acting on block B is c 
m 

(A) 5" (3g + 4a) 
m 

(B) 5 (3g - 4a) 
m 

(C) "5 (4g + 3a) 
m 

(0) "5 (4g - 3a) () 

5.42 Normal reaction (in N) acting on block A. o 
m 

(A) 5" (3g + 4a) 
m 

(B) "5 (3g - 4a) 
m 

(C) "5 (4g + 3a) 
m 

(0) "5 (4g - 3a) 
c 
(v 

!III~esonancerA1 Educating for better tomorrow 
• c 
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.43 The maximum value of acceleration a (in m/s2) for which normal reactions acting on the block A and 
block B are nonzero. 

. . 3 4 3 	 5 
(A) 4"g 	 (B) 3"g (C) 5 g (D) 3"g 

eJECTION - V : MATRIX - MATCH TYPE 

().44 Column-I gives four different situations involving \:IIVO blocks of mass m1and m placed in different ways on
2 

a smooth horizontal surface as shown. In each of the situations horizontal forces F1 and F2 are applied on 
blocks of mass m1 and m respectively and also m2 F1 < m F2. Match the statements in column I with c 2 1 
corresponding results in column-II . 

. Column I 	 Column II 

m1 m2 (F1 F2 )\ 
( 

(A) . Both the blocks (p) 
m1 + m2lm1 m2 


( 

'. 	 are connected by massless inelastic string. The 


magnitude of tension in the string is 

\, 

F1 
m1 m2 (Fl F2)/ (B) . Both the blocks (q) mj +m2 m1 +m2" 

( 

\ 	 are connected by massless inelastic string. The 

magnitude of tension in the string is 


m1 m2 (F2 
'. 

F1 	 £L)( (C) ---7 	 . The magnitude (r) 
m1+m2 m2 m1 

of normal reaction between the blocks is ( 
" 
/ (F1+F2)
\. (D) 	 . The magnitude (s) m1m2 

m1+m2 

c 	 of normal reaction between the blocks is 

m1 m2 (F1 F2)(t) m1+m2 ~+ m2 
f 
'l 

5.45 The system shown below is initially in equilibrium. Masses of the blocksA,B,C,O and E are respectively 3m, 

( 3m, 2m, 2m and 2m. Match the conditions in column-I with the effects in column-II . 

£ 
~, 

( 

( 	 Spring1 IC 

( 	 B 

( 

c 
A 

c Column-I 	 Column-II 
(A) After spring 2 is cut, tension in string AS 	 (p) increasesc (B) After spring 2 is cut,tension in string CD 	 (q) decreases 
(C) After string between C and pulley is cut, tension in string AB (r) decreases and then increases 
(D) After string between C and pulley is cut, tension in string CD (s) zero 

(t) remain constant 

, 

( 	

.:"'- II~~~eD~folS~ 	 . 



block 'A' is released. Masses ofA, Band Care M, M and 2M respectively. 
1\ CBl ,., 

~ 
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SECTION - VI : INTEGER TYPE 

5.46 	 In the figure shown all the contacts are smooth. Strings and spring are light. Initially '/1\ is held by someone 
and 'B' and 'C' are at rest and in equilibrium also. Find out the acceleration of block C in m/s2 just afierthe 

r 
() 

5.47 	 In the figure shown blocks 'A' and 'B' are kept on a wedge 'C'. A, Band C each have mass m. All 
surfaces are smooth. Find the acceleration of C. 

A~B 
~nmmmnmlltmn 

5.48 	 I n the figure shown P 1 and P 2 are massless pulleys. P 1 is fixed and P 2 can move. Masses ofA, Band Care 

9m 	 (3J \ /64 ' 2m and m respectively. All contacts are smooth and the string is massless. e = tan-1 4' .Find the 
( 

acceleration of block C in m/s2. 

A VI .......Ii: 

5049 In the arrangement shown in the Fig., a block of mass m =2 kg lies on a wedge of mass M =8 kg. The ( 
1,,- .; 

initial acceleration of the wedge (if the surfaces are smooth) given by 313g m/s2 then x is. 
x 

c 
c 

c 
o 

cIIB~~eQ~n~~ 	 )I( 
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\~I' 

r 

,j TOPIC 
FRICTION 

. 

" SECTION - I : STRAIGHT OBJECTIVE TYPE 

C~,1 	 !n the arrangement shown in the figure mass of the block 8 and A are 2 m,. 8 m respectively. Surface 
between B and floor is smooth. The block B is connected to block C by means of a pulley. If the whole 
system is released then the minimum value of mass of the block C so that the block A remains stationary 
with respectto B is : (Co-efficient of friction between A and B is il.) 

( 


m 	 10 m 10m(8) 2m(A) 	 (0)(C) 1 _ j.l
)1 j.l + 1 	 /-t 1 

\ 6.2 Two block of masses m and m are connected with a massless unstretched spring and placed over a 1 2 
plank moving with an acceleration 'a' as shown in figure. The coefficient of friction between t;1e( 
blocks and platform is J.l. 

~j;~~~.;j II 	 a 
• 

( In!nmnllflhIllfinInUlIuml/uri'llI 

(A) spring will be stretched if a > /-t9
( (8) spring wi!! be compressed if a :5 iJ.g 

(C) spring will neither be compressed nor be stretched for a S !lg
C (0) spring will be in its natural length under all conditions 

(0.3 	 A bead of mass m is located on a paraboliC wire with its axis vertical and vertex directed tOV!.8:ds 

c downward as in figure and whose equation is x2 "" ay. If the coefficient of friction is p, the highesT. 
distance above the x-axis at which the particle will be in equilibrium is 

( 
'(. 

( 	

ilL
( 	 01 x 

1 1 
(1\) pa (8) IJ2a (C) -

4 
IJ2a (0) 2}Ja 

( 

(6.4 In the shown arrangement if f1' f2 and T be the frictional forces on 2 kg block, 3kg block & tension in 
the string respectively, then their values are: 

( 

( 

C 
(A) 2 t'>l, 6 N, 3.2 N 	 (8) 2 N, 6 N. 0 N 
(C) 1 N, 6 N, 2 N 	 (D) data insufficient to calculate the required values, 

If 

Resonanc:e______'--____________~---~ " 
Educating r·or beth~; tomorroVJ 
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6.5 	 The coefficient of friction between 4kg and 5 kg blocks is 0.2 and between 5 kg block ~'lnd grou nd is 0.1 
respectively. Choose the correct statement: 

(A) Minimum force needed to cause system to move is 17 N c(8) When force is 4N static friction at all surfaces is 4N to keep system at rest 
(C) Maximum acceleration of 4kg block is 2m/s2 o(0) Slipping between 4kg and 5 kg blocks start whenF is 17N 

I'" 
6.6 	 The two blocks, m =10 kg and M =50 kg are free to move as shown. The coefficient of static friction \ " 

between the blocks is 0.5 and there is no friction between M and the ground. A minimum horizontal force F 
is applied to hold m against M that is equal to : 

M 
Smooth 

I 
",,:;-~:<,~:,~;'-"'-..z'-v. 

( ~~(A) 100 N (8) 50 N (C) 240 N (O) 180 N 

6.7 	 A force F = t is applied to a block A as shown in figure. where t is time in seconds. The force is applied at (' 
t =0 seconds when the system was at rest. Which of the following graph correctly gives the frictional force 
between A and horizontal surface as a function of time t.[Assume that at t = 0, tension in the string connect- ~. 
ing the two blocks is zero]. 

~F=t 
( .. 
\jn Ilk' Il. Ilk' Il. 

~

fl i--:. 
((C)(A) (0) 'j(8) L---:t 

6.8 	 A plank of mass m = 8 kg with a bar of mass m2 = 2 kg placed on its rough surface, lie on a smooth1 
floor of elevator ascending with an acceleration g/4. The coefficient of friction is iJ =1/5 between 

and m2 . A horizontal force F =30 N is applied to the plank. Then the acceleration of bar and the m1 


plank in the reference frame of elevator a~re: 

g/4 r" 

~-' 

m, 	 ('
,---,' 

F m. 
{. ': 

\.../ 

50
(A) 3.5 m/s2, 5 m/s2 (8) 5 m/s2, '"8 m/s2 (C) 2.5 m/s2, 2; m/s2 (0) 4.5 m/s2, 4.5m/s2 C 

6.9 	 A block of mass 1 kg lies on a horizontal surface in a truck. The coefficient of static friction between the C 
block and the surface is 0.6 If the acceleration of the truck is 5 m/s2, the frictional force acting on the block 
is: c 
(A) 5 N 	 (8) 6 N (C) 10 N (0) 15 N 

6.10 	 Two blocks with masses M1 and M2 of 10 kg and 20 kg respectively are placed as 
in fig. Coefficient of friction !l =0.2 between all surfaces, then tension in string 
and acceleration of M2 block will be : 

(A) 250 N, 3 m/s2 (8) 200 N. 6 m/s2 (C) 306 N, 4.7 m/s2 (0) 400 N. 6.5 m/s2 

PI~~~eCI~nS~ 
c 

• 

c 
["'"v 
( .. 
v. 

c 
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6.11 	 Achain of length Lis placed on a horizontal surface as shown in figure. At any instant x is the length ofchain 
on rough surface and the remaining portion lies on smooth surface. Initially x = O. A horizontal force P is 
applied to the chain (as shown in the figure). In the duration x changes from x =0 to x = L, for chain to move 
with constant speed: 

~ 
",-~-:, ;:<A·:,;~}~·:;i,{~~~:'~Y;zf;::·::;t:\';'~~;~;? Hi~HiIi iUllUli.U;UH,i: I.i lJHi 

Smooth Rough 

(A)'the magnitude of P should increase with time C) (8) the magnitude of P should decrease with time 
(C) the magnitude of P should increase first and then decrease with time 
(0) the magnitude of P should decrease first and then increase with time 

6.12 	 In the system shown in figure the friction coefficient between ground and bigger block is Il.There is , 
" 

no friction between both the blocks. The string connecting both the block is light; all three pulleys are 
light and frictionless. Then the minimum limiting value of!.J so that the system remains in equilibrium is 

( 

!' 
\ 

(' 

\ 
 2ml 
( 

r;; / 

Il " 
,I' 
\ 

(A) I (8) I 	 (C) 2 (0) 1. 
2 	 3 3 2I~ 

'\ 

!' . 6.13 Given mA == 20 kg, ms =10 kg, me =20 kg. Between A and B III = 0.3, between Band C 112 = 0.3 and 
\ between C and ground 113 = 0.1. The least horizontal force F to start the motion of any part of the system of 

three blocks resting upon one another as shown in figure is (g =10 m/s2)( 

( ~~~~}- e-:,~'~;~¥\ 	 : ~FAi,,"£~
(A) 60 N (8) 90 N (C) 80 N (0) 50 N 

( 
6.14 A 1.5 kg box is initially at rest on a horizontal surface when at t =0 a horizontal force F (1.8t)IN (with t in 

( seconds), is applied to the box. The acceleration of the box as a function of time t is given by: 

{ 8 = 0 	 for 0 s; t s; 2.85 
\. 

8=(1.2t-2.4)1 m/s2 for t> 2.85 
C The coefficient of kinetic friction between the box and the surface is : 

(A) 0.12 	 (B) 0.24 (C) 0.36 (0) 0.48
C 

6.15 	 A mass m is supported as shown in the figure by ideal strings( 
connected to a rigid wall and to a mass 3m at rest on a fixed horizontal 

surface. The string connected to larger mass is horizontal, that
C connected to smaller mass is vertical and the one connected to wall 

makes an angle 60° with 110rizontal.Then the minimum coefficient of


C static friction between the larger mass and the horizontal surface that 

permits the system to remain in equilibrium in the situation shown is:
C 

1 	 1 
{ (A) .J3 	 (8) 3.J3 

(C) .J3 

". 	
(0) H

2 

( 

( 
.B~~~[l~nS! 	 )I( 
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0.16 	 In the following figure, find the direction offriction on the blocks and ground respectively. 

F=5N 

(A) Block A (left), block B(right due to block A, right due to ground} 
(B) Block A (right), block B(left due to blockA, left due to ground) 
(C) Block A (right), block B(left due to block A, right due to ground) 
(D) Block A (left), block B(left due to block A, left due to ground) 	 o 

6.11 	 A box 'A' is lying on the horizontal floor of the compartment of a train:running along horizontal rails from 
left to right. At time 't', it decelerates. Then the reaction R by the floor on the box is given best by : 

R ,....-_-, 

1(A) A r 	 (B) ~ A 
floor 	 floor 

R~ 	 A-Yl
J'fR 

1 -I 

(C) floor 	 (D) floor 

SECTiON - II 	: MULTIPLE CORRECT ANSWER TYPE 
( 

6.1 i$ 	 The value of mass m for which the 100 kg block remains in static equilibrium is 

( 


( 

(A) 35 kg (8) 37 kg (C) 83 kg (D) 85 kg 	 \- 

5.19 	 The force F 1 that is necessary to move a body up an inclined plane is double the force F 2 that is necessary 
to just prevent it from sliding down, then: 
(A) F2 ;:;: w sinCe -~) se~ 	 (B) F1 ;:;: w sinCe -~) sec~ 
(C) tan~ :::: 3tane 	 (D) tane = 3tan~ 
Where 	 ~ ;:;: angle of friction 


e =angle of inclined plane 

w :::: weight of the body 


6.20 	 A block A (5 kg) rests over another block B (3 kg) placed over a smooth horizontal surface. There is 
{ '.

friction between A and B. A horizontal force F 1 gradually increasing from zero to a maximum is '-" 

applied to A so that the blocks move together without relative motion. Instead of this another horizontal 
force F;!, gradually increasing from zero to a maximum is applied to B so that the blocks move 
together without relative motion. Then c; 

(; 

G 

(A) F1 (max) =F2 (max) (B) F1 (max) > Fz (max) 	 c 
(C) F1 (max) < F2 (max) 	 (D) F 1 (max): F z (max) =5: 3 

I • 
V 

(;
Resonance 	 )I(
Educating for better tomorrow 
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6.21 	 A block of mass 1 kg is stationary with respect to a conveyer belt that is 

accelerating with 1 m/s2 upwards at an angle of 30° as shown in figure. 

WhichofJheJoJlowing is/are correct; 

(A) Forceoffrictionon block'is6N upwards. 
(8) Force of friction on block is 1.5 N upwards. 
(C) Contact force between the block & belt is 10.5 N. 

r 

(0) Contact force between the block &belt is 5..J3 N. 

C 
6.22 	 All the blocks shown in the figure are at rest. The pulley is smooth and the 


strings are light. Coefficient of friction at all the contacts is 0.2. A frictional 

force of 10 N acts between A and 8.The block A is about to slide on block 


CUI 5kg8.The normal reaction and frictional force exerted by the ground on the block 
8 is: B 
(A) The normal reaction exerted by the ground on the block 8 is 11 ON 

////////11/////11///. 

(8) The normal reaction exerted by the ground on the block 8 is 50 N 
(C) The frictional force exerted by the ground on the block 8 is 20N 
(0) The frictional force exerted by the ground on the block 8 is zero 

( 

6.23 	 Two blocks of masses 5 kg and 3kg are placed in contact over an inclined surface ( 

of angle 3r, as shown. iJ1 is friction coefficient between 5kg block and the surface 


( of the incline and similarly, 1J
2 

is friction coefficient between the 3kg block and the 


" surface of the incline. After the release of the blocks from the inclined surface, 

( (A) if 1J1 =0.5 and 1-12 =0.3 then 5 kg block exerts 3N force on the 3 kg block 

'. (8) if 1J1 =0.5 and 1J2 =0.3 then 5 kg block exters 8 N force on the 3 kg block 

( 
\ 

(C) if 1J1 = 0.3 and 1-12 = 0.5 then 5 kg block exerts 1 N force on the 3kg block. 

(0) if 1J 

1 
= 0.3 and 1-12 = 0.5 then 5 kg block exerts no force on the 3kg block. 

(. SECTION - III : ASSERTION AND REASON TYPE 

(, 6.24 . Statement-1 : A block of mass m is placed at rest on rough horizontal surface. The coefficient of friction 

between the block and horizontal surface is Il =~ The minimum force F applied at angle e= 3r (as shown ( 

c. in figure) to pull the block horizontally is not equal to Ilmg. (Take sin 3r =~, cos 37° = ~)

.''-' F 

( 	 Statement-2: For a block of mass m placed on rough horizontal surface, the minimum horizontal force 
required to pull the block is Ilmg. The minimum force F applied at angle e (as shown in figure) to pull the 

r: 	 block horizontally may be less than Ilmg. (Where Il is co-efficient of friction). ."

t 
~. 

c 
« 
'L 

6.25 Statement-1 : A body is lying at rest on a rough horizontal surface. A person accelerating with acceleration 

c 	 aT (where a is positive constant and i is' a unit vector in horizontal direction) observes the body. With 
respect to him, the block experiences a kinetic friction. 

(. Statement-2 : Whenever there is relative motion between the contact surfaces then kinetic friction acts. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. ( 

'-... (8) Statement-1 isTrue, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
,( (C) Statement-1 is True, Statement-2 is False 
'L (0) Statement-1 is False, Statement-2 is True 

F 

( 	 ..~~~ 
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6.26 	 Statement-1 : A fixed wedge of inclination e lies on horizontal table. x and y axes are drawn on inclined 
surface as shown, such that x axis is horizontal and y-axis is along line of greatest slope. Ablock of 
mass m is placed (at rest) on inclined surface at origin. The coefficient of friction between block and 
wedge is~, such that tanH = !l. Then a force F> !lmg cose applied to block parallel to Inclined surface 
and along x-axis can move the block along x-axis. 

r-' 

fixed wedge 
a 

Horizontal table 

Statement-2 : To move the block placed at rest on rough inclined surface along the inclined surface. 
the net force on block (except frictional force) should be greater than !IN. (N =normal reaction on 
block). 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

, (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True 

SECTION - IV : COMPREHENSION TYPE 
/' 

Comprehension # 1 	
~ 

Two bodies A and 8 of masses 10 kg and 5 kg are placed very slightly separated as shown in figure. 

The coefficients of friction between the floor and the blocks are as !ls =Ilk =0.4. Block A is pushed by ( 


an external force F. The value of F can be changed. When the welding between block A and ground 

(~ '"breaks, block A will start pressing block B and when welding of B also breaks, block 8 will start 

pressing the vertical wall - '" J 

( .~ 

A 

6.27 	 If F = 20 N, with how much force does block A presses the block B 
(A) 10 N (B) 20 N (C) 30 N (0) Zero 

.-' 

6.28 	 If F = 50 N, the friction force acting between block B and ground will be : 

t" 
'-.-/ 

40N f,=10N c 
(A) 10 N (B) 20 N (C) 30 N (0) None 

c 
6.29 	 The force of friction acting on B varies with the applied force F according to curve: 

lFB ~ jFB iFB ~ 	
{~

t:J\ 	 G 
r-

(0) L---i 
F F F F c 

(A)~ (B)LL- (C)~ 

I " 

"-' 

'\.....; 

• ~!~9n~a~r~ 	 )I( 
( . 
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\"ompre.hension # 2 

r' 
'\ 

(,.30 

( 
6.31 

( 

" 0.32 

AblQckofmass 1 kg is placed ana rough horizontal surface, A spring is attached to the block whose 
other end is joined to a rigid wall,as shown in the figure. A horizontal forcelsapplied on the.block so 

that it remains at rest while the spring is elongated by x. x ~ ~~g . Let F max and F min be the 

maximum and minimum val,ues of force F for which the block remains in equilibrium. For a particular 

x, 

Fmax- Fmin = 2 N, 


. Also shown is the variation of Fmax+ Fmin versus X, the elongation of the spring. 

t 

F.;\ F~N[---7(
F 

0.1~~ 

The coefficient of friction between the block and the horizontal surface is : 
(A) 0.1 (B) 0.2 (C) 0.3 (0) 0.4 

The spring constant of the spring is: 
(A) 25 N/m (B) 20 N/m (C) 2,5 N/m (0) 50 N/m 

The value of F min' if x =3 cm is : 
(A) 0 (8) O,2N (C) 5N (0) 1N 

( SECTION - V: MATRIX - MATCH TYPE 


(6.33 Two blocks of mass m and 2m are slowly just placed in contact with each other on a'rough fixed 

c inclined plane as shown.lnitially both the blocks are at rest on inclined plane. The coefficient of 
friction between either block and inclined surface is fl. There is no friction between both the blocks. 
Neglect the tendency of rotation of blocks on the inclined surface. Column I gives four situation. 
Column II gives condition under which statements in column I are true. Match the statement in column 
I with corresponding conditions in column II. c 


c 

B 

,r 
I(, 

( 

C 
Column IC 

(A) The magnitude of acceleration of both blocks are same if 
. (B) The normal reaction between both the blocks is zero if C 

(C) The net reaction exerted by inclined surface on each 
C block make same angle with inclined surface (AB) if 

(D} The net reaction exerted by inclined surface on block 
of mass 2m is double that of net reaction exerted by 
inclined surface on block of mass m if rf

''"' 

'" , 

Column II 
(p) fl = 0 
(q) fl > 0 ~,,~ :.-,~~, 

(r) fl > tane 
\. }.

(s) Il < tane 

(t) Il = tane 

IflIIResonance {i."':":'~.(. r&1 Educating for better tomorrow . '.;~';.).'::I.: f'," ~ 
... / ~;.;... '" ~ ,,~/~.-. ;c',. 
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1$.34 Ablock of mass m is put on a rough inclined plane of inclination 0, and is tied with a light thread shown. 
, Inclination 0 is increased gradually from 0 = 0° to 0 =90°. Match the columns according to corresponding 

cUrVe. 

Column I Column II 

(A) Tension in the thread versus 0 (p) 
\ e 

(6) Normal reacfio'n between the block and the (q) LLo 
incline versus 0 

(C) friction force between the block and the (r) be 
incline versus 8 

(0), Netinteraction force between the block and (s) ~e 
the incline versus 8 

(t) 

e 
SECTION - VI : INTEGER TYPE 

6.35 A block of 7 kg is placed on a rough horizontal surface and is pulled through F=5t 
a variable force F{in N) =5t, where 't' is time in second, at an angle of 3r 

with the horizontal as shown in figure. The coefficient of static friction of the 


7kgblock with the surface is one. If the force starts acting at t = 0 s, Find the time 

(in sec.) at which the block starts to slide. (Take g =10 m/s2) : 


6.36 The rear side of a truck is open and a box of 40 kg mass is placed 5 m away from the open end as 
shown.' The coefficient of friction between the box & the surface below it is 0.15. On a straight road, 

the truck starts from rest and accelerates with 2 ms-2. At what distance (in m.) from the starting point 
does the box fall off the truck (Le. distance travelled by the truck)? [Ignore the size of the box ] 

~ W: ~~MW~\~::~= 
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6.37 	 A block of mass 5 kg is placed on a rough horizontal surface of a moving compartment. It is seen by 

an observer sitting inside the compartment, that a force of 10 N is required in horizontal direction to 

move the box in a direction parallel to the motion of compartmentwhile-a force of20 N isrequired in 

horizontal direction to move the box in opposite direction. If coefficient of friction between the surface of 
(-

the block and the surface is ~ then find out value of X. 

('?38 	 A block of mass m is placed on top of a block of mass 2m which in turn is placed on fixed horizontal 

surface. The coefficient of friction between all surfaces is J.l. =1. A massless string is connected to 

each mass and wraps halfway around a massless and frictionless pulley, as shown in the figure. The 

pulley is pulled by horizontal force of magnitude F =6 mg towards right as shown. If the magnitude of 

acceleration of pulley is ~m/s2, fill the value of X. (Take g = 10 m/s2) 

f 

,r 
~ 

/ 

" 	
",J,,52J~g 

~ 

I 
\ 6.39 In the figure shown, the coefficient of static friction between C and ground is 0.5, coefficient of static friction 

between A and B is 0.25, coefficient of static friction between Band C is zero. Find the minimum value of 

force 'F(in Newton)" to cause sliding between Aand B. Masses ofA, Band C are respectively 2 kg, 4 kg and 

( 5 kg. 

r 

" 

r' 

" 	 F 

c 
C 6.40 	 In the figure shown, the coefficient of static friction between B and the wall is 2/3 and the coefficient of kinetic 

friction between B and the wall is 1/3. Other contacts are smooth. Find the minimum force 'F' required to liftc 
f' 
\, 	 B, up. It is X;g then x is. Mass of A is 2m and the mass of B is m. Take tan e= 3/4. 

( 	

.d....",L;:Jc F 

c 
c 

II8~~eu~ns~ 	 )( 
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TOPIC 

7 
 WORK, POWER-& ENERGY 


SECTION - I : STRAIGHT OBJECTIVE TYPE 

7.1 	 Work done by static friction on an object: 
(':;(A) may be positive (B) must be negative (C) must be zero (D) none of these 

7.2 	 A man places a chain (of mass 'm' and length' e') on a table slowly. Initially the lower end of the chain just 
touches the table. The man drops the chain when half of the chain is in vertical position. Then work done by 
the man in this process is : 

t (B) _ mgt (C) _ 3mgt (D) _ mgt
(A) - mg "2 4 8 8 	

/ 
\ 

1 
7.3 	 The potential energy of a particle of mass m free to move along x-axis is given by U = 2 kx2 . 

\. 
~ 

for x < 0 and U = 0 for x z 0 (x denotes the x-coordinate of the particle and k is a positive constant). If 

'. . f2E 
the total mechanical energy of the particle is E, then its speed at x = - VI< is 

(A) zero (B) fr! (e) J! (D) ~2~ 
/ 

" 
7.4 	 The blocksAand B shown in the figure have masses MA=5 kg and MB =4 kg. The 

system is released from rest. The speed of B after A has travelled a distance 1 m 
along the incline is: 

J9 (D) J9(A) ~ J9 (B) ~ J9 (e) 2J3 2 

7.5 	 Of the sentences given 

2(I) Internal forces acting on the system cannot change ±mV , where m is the total mass ofcm 

the system. 
(ii) 	 Internal forces acting on a system cannot change kinetic energy of system with respect to 

centre of mass 
(A) 	 both (i) and (ii) are correct 
(B) 	 only 0) is correct 
(e) 	 only (ii) is correct 
(D) 	 Both (i) and (ii) are wrong c 

7.6 	 A collar 'B' of mass 2 kg is constrained to move along a horizontal 
smooth and fixed circular track of radius 5 m. The spring lying in the 
plane of the cirCUlar track and having spring constant 200 N/m is 
undeformed when the collar is at 'A'. If the collar starts from rest at 
'B', the normal reaction exerted by the track on the collar when it 
passes through '1\ is : 
(A) 360 N 	 (B) 720 N 
(C) 1440 N 	 (D) 2880 N 

t"
B~~efel~n~r~ 	 )I( .f.'.J 

f 
\. 

c 
C 

G 
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In the figure the variation of components of acceleration of a particle of mass 1 kg is shown w.r.t. time. 

The initial velocity of the particle is u(-3 j + 4h m/s. The total work done by the resultant force on the 

particle in time interval from t = 0 to t = 4 seconds is: 

ay{in mli) 
ax(in m/s2) 

-1-------)00)I(in sec} 

r ,_. )t(insec) 

(A) 22.5 J (B) 10 J (C) 0 (0) None of these 

For a particle moving on a straight line the variation of acceleration with time is given by the graph as 
shown. Initially the particle was at rest. Then the corresponding kinetic energy of the particle versus time 
graph will be . 

a(m/s r\
2)f 

~t(S) 

(A) K.E~t K.E~t(8) 

(D) K.ELt(C) K.E-Lt 

The potential energy (in SI units) of a particle of mass 2 kg in a conservative field is U = 6x - 8y. If the initial 

velocity of the particle is u = - 1.5 i + 2] then the total distance travelled by the particle in first two 

seconds is: 
(A) 10 m (B) 12 m (C) 15 m (0) 18 m 

Two identical blocks A and B are placed on two inclined planes as shown in diagram. Neglect air 
resistance and other friction 

;. 

f 
~"I~ 

Read the following statements and choose the correct options. 

Statements I : Kinetic energy of 'At on sliding to J .will be greater than the kinetic energy of B on falling 

to M. 


Statements II : Acceleration of 'A' will be greater than acceleration of 'B' when both are released to 

slide on inclined plane 


Statements III : Work done by external agent to move block slowly from position B to 0 is negative 

(A) only statement I is true (B) only statement II is true 
(C) only I and III are true (0) only II and III are true 

-Resonance •rA1 Educating for better tomorrow . 
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7.11 	 A block of mass m is being pulled up the rough incline by an agent delivering constant power P. The coefficient 
of friction between the block and the incline is IJ. The maximum speed of the block-during the course of 
ascent is: 

" 


P 
(A)v= mgsinS+lJmgcosS 

2P 
(C) v = mgsinS-lJmgcosS 

P 
. (8) v = mgsinS-lJmgcosS 

·3P 
(0) v = mgsinS-lJmgcosS 

(~, 

,,) 

c; 
(',

" / 

7.12 In the figure shown the potential energy U of a particle is plotted against its position' x' from origin. 
Then which of the following statement is correct. 

u 
,. ~ 

O';f " x , ' 

(A) Xl is in stable equilibrium (8) x2 is in stable equilibr!um 	
\ , 

, .(C) X3 is in stable equilibrium 	 (0) none of these 

7.13 	 One end of an unstretched vertical spring is attached to the ceiling and an object attached to the other 
end is slowly lowered to its equilibrium position. If S be gain in spring energy & G be loss in gravita
tional potential energy in the process, then f • 

'\ J 

(A) S =G 	 (8) S =2G 
( .

(C) G = 2S 	 (0) None of these "-./ 

I 
\. /7.14 	 The potential energy function associated with the force F= 4xy i + 2X2] is: 

(A) U = - 2X2 Y 	 (8) U = - 2X2 Y + constant c
(C) U =2X2 Y + constant (0) not defined 

-' 
. :'C

7.15 	 A block of mass m is attached with a massless spring of force constant k. The block is placed over a fixed 

rough inclined surface for which the coefficient of friction is IJ = ~. The block of mass m is initially at rest. C 
The block of mass M is released from rest with spring in unstretched state. The minimum value of M C 
required to move the block up the plane is (neglect mass of string and pulley and friction in pulley.) 

('
,--.f 

c 
c 
C'

3 4 	 6 3 
(A) Sm (8) Sm 	 (C) -m (0) 2m5 	 C 

7.16 	 The potential energy for a force field F is given by U (x,y) = cos (x + y). The force acting on a C 
particle at position given by coordinates (0, ~) is:-	

U.. ·'· 

1 _ • 	 C 
(A) - ~ (1 + }) (8) J2 (i + j) (C) [~i + ~ 1] (D)[~i-~l] 

C
-.Resonance 	 .:PrA1 Educating for better tomorrow I· 
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7.17 	 The spring block system lies on a smooth horizontal surface. The free end of the spring is being pulled 
towards r.ightwith constant speed Vo =2m/s. At t =0 sec, the spring of constant k = 100 N/cm is unstretched 

and the block has a speed 1 mls to left. The maximum extension of the spring'is 

1m1s 
--~ k=100N/cm

nn/L::::;:;;;,:;:;:;,

CJ 	 (A) 2 cm . (B) 4 cm (C) 6cm (0) Bcm 

().18 	 Block' A' is hanging from a vertical spring and is at rest. Block I B I strikes the block 'P:. 

with velocity I v' and sticks to it. Then the value of 'v' for which the spring just attains 

naturallength'is: 


r 
\ r 260

(A) V mg (B) ~6 ~g2 (C) ~10 ;g2 (O) none of these T
( 	 Vt [§]B 

0
( .'.19 A particle A of mass 1 kg is moving in the positive x direction. Its initial position is x = 0 & initial 

7 
velocity is 1 m/s. The velocity at x = 10 is in mls (use the graph given) ( 

Power (in watts) 

( 

f 	 2 

" 
! 

\ 
 10 (in n~) 

(A) 4 mls (B) 2 mls (C) 3J2 mls (0) 100/3 mls( 

r 7.20 A fire hose has a diameter of 2.5 cm and is required to direct a jet of water to a height of at I~ast 40 m. The 

" minimum power of the pump needed for this hose is : 
r (A) 21.5 kW (B) 40 kW (C) 36.5 kW (0) 48 kW 

'" 
('7.21 	 A particle is projected vertically upwards with a speed of 16 mis, after some time, when it again 

passes through the paint of projection, its speed is found to be 8 m/s. It is known that the work done
" by air resistance is same during upward and downward motion. Then the maximum height attained by C/ 	

the particle is (Take g = 10 m/s2) : 
(A) 8 m 	 (B) 4.8 m (C) 17.6 m (0) 12.8 m C 

( : 7.22 	 An engine can pull 4 coaches at a maximum speed of 20 m/s. Mass of the engine is twice the mass of every 
coach. Assuming resistive forces to be proportional to the weight, approximate maximum speeds in mls of 
the engine when it pulls 6 coaches are (power of engine remains constant) : ( 
(A) 8.5 mls and 15 mls respectively (B) 6.5 mls and 8 mls respectively 

( (C) 8.5 mls and 13 mls respectively (0) 10.5 mls and 15 mls respectively 

C 7.23 	 A particle of mass m moving along a straight line experiences force F which varies with the distance x 

( 	 travelled as shown in the figure. If the velocity of the particle at Xo is ~2 F~Xo • then velocity at 4 Xo is:· 

C 

C ':--~ 
I 	 It'L 4x, 	 x 

( 
(A) 2 f-2 Fo Xo (B) 2 ~Fo:o (C) ~Fo:o (0) none of these 

( 

fI~!~9U~D£~ 	 )( l 
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7.24 In the figure, the ball A is released from rest when the spring is at its natural length. For the block 8, of 
mass Mto leave contact with the ground at some stage, the minimum mass of A must be: 

o(A) 2 M 	 (8) M (C) M/2 
(0) A function of M and the force constant of the spring. 

7.25 	 In the figure shown initially spring is in unstretched state & blocks are at rest. Now 100 N force is applied on 
block A & 8 as shown in the figure. After some time velocity of 'A' becomes 2 mls & that of' 8' is 4 mls & 
block A displaced by amount 10 cm and spring is stretched by amount 30 cm. Then work done by spring 
(in joule) force on A will be : 

(A B 	 \ 

'OO~,'00N 
~smooth surface 	 ( 

(A) 9/3 J (8) - 6 J (C)6 J (0) None of these 	
\ / 

SECTION -II : MULTIPLE CORRECT ANSWER TYPE 

7.26 	 Which of the following islare conservative force(s) ? 
3(yl+xj)

(C) F= 3(xl+yj)(A) F= 2r3 f (8) F=-~f 	 (0) F (x2 + y2 )3/2(x2 +y2)3/2r 

7.27 	 A block of mass 2 kg is hanging over a smooth and light pulley through a light string. The other end of 
the string is pulled by a constant force F =40 N. The kinetic energy of the particle increase 40 J in a (

"-/
given interval of time. Then: (g == 10 m/s2) 

F=40N 

(A) tension in the string is 40 N 
(8) displacement of the block in the given interval of time is 2 m 
(C) work done by gravity is - 20 J 
(0) work done by tension is 80 J 

7.28 	 There are two massless springs A and 8 of spring constant KA and Ke respectively and KA> Ke . If WA c 
and We be denoted as work done on A and work done on 8 respectively, then 
(A) If they are compressed to same distance, W A > We 	 c 
(8) If they are compressed by same force (upto equilibrium state) WA < We 
(C) If they are compressed by same distance, WA = We 
(O) If they are compressed by same force (upto equilibrium state) WA > We o 

7.29 	 Work done by a force on an rigid object having no rotational motion will be zero, if : 
(A) the force is always perpendicular to acceleration of object. 
(8) the object is at rest relative to ground but the point of application of force moves on the object. 
(C) the force is always perpendicular to velocity of object. 

(0) The paint of application of force is fixed relative to ground but the object moves. c 
--Resonance 	 )I(PJA1 Educating for better tomorrow 
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',.30 	 The potential energy (in joules) of a- particle of mass 1kg moving in a plane is given by V =3x + 4y, the 
position coordinates of the point being x and- y, measured in metres. If the particle is at rest at (6, 4) ; then 
.(A) itsaccelefati6n is ofmagnitude 5m/s2 

(B) its speed when it crosses the y-axis is 10m/s 
(C) it crosses the y-axis (x = 0) at y = -4 
(0) it moves in a striaght line passing through the origin (0, O) 

(~ECTION -III : ASSERTION AND REASON TYPE 

7.31 	 Statement-1 : One end of ideal massless spring is connected to fixed vertical wall and other end to a 
block of mass m initially at rest on smooth horizontal surface. The spring is initially in natural length. 
Nowa horizontal force F acts on block as shown. Then the maximum extension in spring is equal to 
maximum compression in spring. 

( 

( 	

b~~F'

( Statement-2 : To compress and to expand an ideal un stretched spring by equal amount, same work 
" 

is to be done on spring. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for State,nent-1.( 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 


( (C) Statement-1 is True, Statement-2 is False 

\. 

(0) Statement-1 is False,Statement-2 is Tru~ 


1.32 	 Statement-1 : work done by friction is always negative 

Statement-2: If frictional force acts on a body its K.E. may decrease.
r 

\. (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

r (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
\. (C) Statement-1 is True, Statement-2 is False 

(0) Statement-1 is False, Statement-2 is True r 
" SECTION - IV : COMPREHENSION TYPE 
( 

Comprehension # 1 r , 

'-. . 	 A block of mass m slides down a wedge of mass m as shown. The whole r 
( 	 system is at rest. when the height of the block is h = 10m. Above the h 


ground. The wedge surface is smooth and graduallyftattens. There is no 

( : friction between wedge and ground. 
 1 
(7.33 	 As the block slides down, which of the following quantities associated with the system 


remains conserved? 
( 
(A) Total linear momentum of the system of wedge and block 

(B} Total mechanical energy of the complete system 
C (C) Total kinetic energy of the system 
(0) Both linear momentum as well as mechanical energy of the system ( 

( .7.34 	 If there would have been friction between wedge and block, which of the following quantities would still remain 
conserved? 
(A) Linear momentum of the system along horizontal direction 

C (B} Linear momentum of the system along vertical direction 
(C} Linear momentum of the system along a tangent to the curved surface of the wedge 

L (0) Mechanical energy of the system 

C 7.35 If there is no friction any where, the speed of the wedge, as the block leaves the wedge is : 

t (A) 10 ms-1 (B) 20 ms-1 (C) 30 ms-' (0) None of these 
'L. 

r ..Resonance 	 • 
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Comprehension # 2 
A spring lies along an x axis attached to a wall at one end and _' 
a block at the other end. The block rests on a frictionlesS-Energy 
surface at x =o. A force of constant magnitude F is applied to or work 
the block that begins to compress the spring, until the block 

comes to a maximum displacement x
max

• 

,.--

--
4",'" ....-1....-·=-~~ ..;....·",/i 

'" 
'" 2 

I 
I
I 
I 

X 
Xmax 

7.36 	 During the displacement, which of the curves shown in the graph best represents the kinetic energy of o 
the block. 
(A) 1 (8) 2 (C) 3 (D) 4 	 c 

7.37 	 During the displacement, which of the curves shown in the graph best represents the work done on (~ 
the spring block system by the applied force. ,. 
(A) 1 (8) 2 (C) 3 {D}4 	 \ 

7.38 	 During the first half of the motion, applied force transfers more energy to the ( 
" ~ 

(A) kinetic energy 	 {8} potential energy 

(C) equal to both 	 (D) depends upon mass of the block 

SECTION - V : MATRIX - MATCH TYPE 	 c 
7.39 	 Figure shows four situations in which a small block of mass 'm' is released from rest (with respect to smooth ('

" , 

fixed wedge) as shown in figure. Column-II shows work done by normal.reaction on the block (with respect 
to an observer who is stationary on ground) till block reaches at the bottom of inclined wedge, match the ( 
appropriate column. 

Column-I 	 Column-II 

( , 
\.. 

v=/29h 	 (p) Positive(A) c 
c-: 

v=j2gh 	 c 
(, 
'--'" 

(q) 	 Negative c 
c 

(8) 

c 
C 

(r) 	 equal to mgh in magnitude(C) 
G 

C"<45· 
-;. v=j2gh 

() 

o 
(s) 	 equal to zero c(D) v=/29h 

c 
C. 

-~esonance 	 .P!A1- Educating for better tomorrow c' 
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, 1.40 	 A particle moving along x-axis is being acted upon by one dimensional conservative force F. In the F-x curve 
shown, four points J, K, L, M are marked on the curve. Column II gives different type of equilibrium for the 
particle at different positidlis:Column'Igives certain positions on the force position graphs. Match th,e 
positions in Column-J with the corresponding nature of equilibrium at these positions. 

t' 	 F'" 
\ 	

--6i~-'XCl 
y 

f' 
\., ) Column [ Column II 
{' 
\. (A) Point J is position of (p) Neutral equilibrium 
, 
\ 

(8) Point K is position of (q) Unstable equilibrium 

(C) Point L is position of 	 (r) Stable equilibrium 

\, " 
(D) Point M is position of 	 (s) No equilibrium 

( 
(t) Equilibrium 

( 
\. 

SECTION - VI: INTEGER TYPE 
I 
\, 

7.41 Starting at rest, a 5 kg object is acted upon by only one force as indicated in the figure. Find the total 
work done (in Joule) by the force on the object :

force(N) 
\. 

( 

" 201-1--~ 


/
\. o I • 

I 1 2l :" • TIme' 

( -10..... "· .. ·· .. ··...... ,~ 


(7.42 	 A small block of mass 20 kg rests on a bigger block of mass 30 kg, which lies on a smooth horizontal 
plane. Initially the whole system is at rest. The coefficient of friction between the blocks is 0.5. A 

f' 
\,,/ 	 horizontal force F = 50 N is applied on the lower block then. Find the work done (in Joule) by 

frictional force on upper block in t = 2sec. (magnitude in joule) 

11=0.5--"'~ 
J 3ok9 	r F =50N( II II!}) 


( 7.43 In previous is the magnitude of work done by frictional force on upper and lower block? 


11=0.5--"'~ 

( 

( 	

"LYkLJ;-F == 50N 

( , 7.44 The blocks of mass m
1 
= 1 kg and m

2 
=2 kg are connected by a spring, rest on a rough horizontal surface. 

The spring is unstreched. The spring constant of spring is K =2 N/m. The coefficient of friction between 

( 
blocks and horizontal surface is ~ = ..!.. Now the left block is imparted a verocity u towards right as shown. , 2 

t Then what is the largest value of u (in m/s) such that the block of mass m2 never moves.( Take g=10m/s2) 

l 	 ..J4. K 

Im~~e9~~n 
Il Il 


Fixed rough horizontal surface 


( :.:Resonance 	 " ,~'" ,;L • Educating for better tomorrow 	 ~ ,",d 



ro Physics ~ 	 ro lEE (Advanced) - RRB (;Q 

TOPIC 
CIRCULAR,.MO,TION

8 
SECTION - I : STRAIGHT OBJECTIVE TYPE 

c...l.!>Cil8.1 	 A small bead of mass m =1 kg is carried by a circular hoop having 
centre at C and radius r =1 m which rotates about a fixed vertical axis 

()
(as shown). The coefficient of friction between bead and hoop is IJ = 
O.S. The maximum angular speed of the hoop for which the bead does 

not have relative motion with respect to hoop: initial position of bead 

is shown in figure: 


(A) (s.J2t2 	 (B) (1O.J2t2 
(C) {1s.J2)1/2 	 (0 ) (30.J2r 

8.2 	 A particle initially at rest starts moving from point A on the surface of a 
fixed smooth hemisphere of radius r as shown. The particle looses its 
contact with hemisphere at point B. C is centre Of the hemisphere. 
The equation relating a and ~ is : 
(A) 3 sin a ::: 2 cos p 	 (B) 2 sin a ::: 3 cos p 
(C) 3 sin ~ ::: 2 cos a 	 (0) 2 sin ~ ::: 3 cos a 

8.~ 	 The member OA rotates about a horizontal axis through 0 with a constant counter clockwise velocity 
(0 = 3 rad/sec. As it passes the position e = 0, a small mass m is placed upon it at a radial distance r 
=O.S m. If the mass is observed to slip at e = 37°, the coefficient of friction between the mass & the 
member is ___. 

( , 

c: 

~ 

3 9 4 	 S 
(A) 16 (B) 16 (C) "9 	 (0) "9 

c
8.4 	 Two particles A & B separated by a distance 2 R are moving counter clockwise along the same circular path of 

72 y2 
radius R each with uniform speed v. At time t = 0, A is given a tangential acceleration of magnitude a =25 1t R c 

67tR c(A) the time lapse for the two bodies to collide is SV 

c. 117t 	 .. 
(8) the angle covered by A IS 6 (When A coilled C wIth 8) 

o 
11V 

(C) angular velocity of A is SR 

289v2 

(0) radial acceleration of A is SR 
c

ImI Resonance 	 .:rA1 Educating for better tomorrow 



f.Q Physics <:a- -=- ._= -_. - r.__·_ 	 • ---f.Q. JEE (Advanced) - RRB <:a 

'S.5 The figure shows the velocity and acceleration of a point like body at the initial moment of its motion. The 
acceleration vector of the body remains constant. The minimum radius of curvature of trajectory of the 

. body is (in m.} 

~8m1' 
r' 
\ 


a=2m/s' 

r 
\ I 	 (A) 2 m (8) 4 m (C)8 m (0) 16 m 

OS.6 	 A bead of mass m is located on a parabolic wire with its axis vertical and vertex at the origin as shown in 
figure and whose equation is X2 = 4ay. The wire frame is fixed and the bead can slide on it without friction. 
The bead is released from the point y = 4a on the wire frame from rest. The tangential acceleration of the 
bead when it reaches the position given by y =a is : 

y 

m 
/ 
\ 

/ 	 x 
\ 

( 	 (A) ~ (8) J3g g g 

2 	 2 (C) ..J2 (0) J5 
r 
'\. 

(. S.7 	 A particle is moving in a circular path. The acceleration and momentum vectors at an instant of time are 
\ 

a =2 i + 3 j m/s2 and P =6 i - 4} kgm/s. Then the motion of the particle is 

(A) uniform circular motion 	 (8) circular motion with tangential acceleration 
(C) circular motion with tangential retardation (0) we cannot say anything from a and Pa time only 

/ S.S A section of fixed smooth circular track of radius 20 m. in vertical plane is shown in the figure. A block is 
\ released from position A and leaves the track at 8. The radius of curvature of its trajectory when it just 

leaves the track at B is: (in m.) ( ~ 
I ~3137'\ 

\( 	 /1 I \ 
I I , 

I I ' 

At.. I ..... )8


--_1-.--"" 

R 	 R( 
(A} R 	 (8) 4' (C*) "2 (0) none of these 

C 
S.9 A small coin of mass 40 g is placed on the horizontal surface of a rotating disc. The disc starts fro,!, rest and 

( 	 is given a constant angular acceleration a. == 2 rad/s2
• The coefficient of static friction between the coin and 

the disc is I-ls =3/4 and coefficient of kinetic friction is I-lk =0.5. The coin is placed at a distance r = 1 m from 
the centre of the disc. The magnitude of the resultant force on the coin exerted by the disc just before it C 
starts slipping on the disc is : Vertical 

( 
// 

C 

C 

<
(A) 0.2 N (8) 0.3 N (C) 0.4 N (O) 0.5 N 

t 
8.10 A ring of mass 21t kg and of radius 0.25m is making 300rpm about an axis through its centre 

(, perpendicular to its plane. The tension (in newtons) developed in the ring is: 
(A) 50 	 (8) 100 (C) 175 (0) 250 

IIl1I Resonance 	 ... .:(, rA1I Educating for better tomorrow 	 .. " .. 
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8.11 	 A car driver going at some speed suddenly finds a wide wall at a distance r. To avoid hitting the wall he 
should. 


{~l ~pply the blClk.es . . .." . . 

(8) should tum the car in a circle of radius r. 
(C) apply the brakes and also tum the car in a circle of radius r. 
(0) jump on the back seat 

8.12 	 A weight W attached to the end of a flexible rope of diameter d=0.7Scm is raised 
('\vertically by winding the rope on a reel as shown. If the reel is turned uniformly at the , .I 

rate of 2 r.p.s. What is the tension in rope. The inertia of rope may be neglected. 
(A) 1.019W 	 (8) 0.S1W 
(C) 2.04W 	 (0) W 

8.13 	 A bob is attached to one end of a string other end of which is fixed at peg A. The bob is taken to a 
position where string makes an angle of 300 with the horizontal. On the circular path of the bob in 
vertical plane there is a peg "8" at a symmetrical position with respect to the position of release as 
shown in the figure. If Vc and va be the minimum speeds in clockwise and anticlockwise directions 
respectively, given to the bob in order to hit the peg "8" then ratio Vc : va is equal to : ,- ~, 

\. 

( 
'. 

(A) 1 : 1 (8) 1 : J2 (C) 1 : 2 (0) 1 : 4 

8.14 	 A disc of radius R has a light pole fixed perpendicular to the disc at the circumference which in turn 
( 

has a pendulum of length R attached to its other end as shown in figure. The disc is rotated with a \ .. 

constant angular velocity (0. The string is making an angle 300 with the rod. Then the angular velocity ,. 
"'- .J

(0 of disc is: 
(j) 

r'·.
'-....

1/2 	 112 

(A) ( ,,!g)'" (8) (!g)'" (C) (AR) (0) (3iR) . 
c8.15 	 One end of a light rod of length 1 m is attached with a string of length 1m. Other end of the rod is 

attached at point 0 such that rod can move in a vertical circle. Other end of the string is attached with 
a block of mass 2kg. The minimum velocity that must be given to the block in horizontal direction so 
that it can complete the vertical circle is (g = 10 m/s2). 

:x c 

o 
c 

(A) 4./5 (8) s./5 (C) 10 	 (0)3./5 

c11~~~en.~l:!,s~ 	 )I( c 

http:blClk.es
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, 8.16 	 A smooth rod PQ rotates in a horizontal plane about its mid point M which is h 

= 0.1 m vertically below a fixed pointAat a constant angular velocity 14 rad/s. 


;-""
'~ A light 'elastic string, of natural length OJ m f.orce contant 1.47 N/cm bCl;,>,gl1,e" 

end fixed at A and its other end attached to a ring of mass m =0.3 kg which is 
free to slide along the rod. When the ring is stationary relative to rod, then inclination (') T" Q 
of string with vertical, tension in string. 
(A) cos e = 3/5 , T =:: 9.8 N 	 (B} e =:: 60, T=::O 
(e) cos e =:: 2/S , T =:: 4.9 N 	 (D) e=30, T =0() 

8.17 	 The sphere at P is given a downward velocity va and swings in a vertical plane at the end of a rope of 
I! =:: 1m attached to a support at O. The rope breaks at angle 30° from horizontal, knowing that ifcan 
withstand a maximum tension equal to three times the weight of the sphere. Then the value of va will be 
: (g =:: 1(2 m/s2 ) 

Pv"l=1m 0 
Vo 	 a

( 
\ 

\ 


\ 

\ 


( \1 


\ 

, 	
2 " ...... ,,-- [3Q 

g
( (A) ~ mls (8) 3 mls (e) if-f mls (D) t mls 

( 8.18 A simple pendulum is oscillating in a vertical plane. If resultant acceleration of bob of mass m at a point A is 

/' 
in horizontal direction, find the tangential force at this point in terms of tension T and mg. 

(A)mg 	 (8) mg ~T2 -(mgf (e) ~g ~(mg)2 +T2 
T 

T 	 (D) mg ~(mg)2 + T2 

( 8.19 Objects A and B each of mass m are connected by light inextensible cord. They are constrained to " 

move on a frictionless ring in a vertical plane as shown in figure. The objects are released from rest at 
( 
\., the positions shown. The tension in the cord just after release will be 

( 	 A

" 

( 
\..c 

( 	 :~ 
C mg 

(e) mg 	 (D) mg(A) mg J2 (8) J2( 	 2 4 

( 8.20 A circular curve of a highway is designed for traffic moving at 72 km/h. If the radius of the curved path 
is 100 m, the correct angle of banking of the road should be given by ; 


(. 
 232 	 1
(A) tan -1 - (B) tan -1 - (C) tan -1 - (D) tan-1 '4

3 	 5 S
C 

8.21 	 A ring of radius R lies in vertical plane. A bead of mass 'm' can move along the ring without friction. Initially the 
bead is at rest at the bottom most point on ring. The minimum constant horizontal speed v with which the ringC 
must be pulled such that the bead completes the vertical circle 

C 

v 

t 
m c 

(A) ..j 3gR (8) ..j4gR (e) ..jSgR (O} ..jS.SgR 

.a~~en~llSr~ 	 )1(<

c 
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8.22 	 A car mov~s around a curve at a constant speed. When the car goes around the arc subtending 60° at 
the centre, then the ratio of magnitude of instantaneous acceleration to average acceleration over the 
60° arcis,: 

/--"\
\ 

\ ,\ ,\ 
\ 

\ I 

\ 60· I 
\(""""')' 

\ , 
t! 


1t 1t 21t 
 ' 5 
{A} 3 (8) -	 (C) 3 {D} ~ 

6 	 3 I~'\ 

8.23 	 A bus is moving with a constant acceleration a =3g/4 towards right. In the bus, a ball is tied with a 
rope and is rotated in vertical circle as shown in the figure. The tension in the rope will be minimum, 
when the rope makes an angle e=__ . 

~g/4 

{ " 

(A) 53° {8)3r {C} 180-53° (D) 180 + 37° 	 f' 

8.24 	 A ring attached with a spring is fitted in a smooth rod. The spring is fixed at the outer end of the rod. The 
mass of the ring is 3kg & spring constant of spring is 300 N/m. The ring is given a velocity 'V' towards 
the outer end of the rod. And the rod is set to be rotating with an angular velocity ro. Then ring will move 
with constant speed with respect to the rod if : 

f ._-.... 

',- j 

" , 

(A) angular velocity of rod is increased continuously 
(8) ro =10 radls 
(C) angular velocity of rod is decreased continuously. 
(D) constant velocity of ring is not possible 

8.25 	 A uniform rod of mass m and length l is rotating with constant angular velocity ro about an axis which 
passes through its one end and perpendicular to the length of rod. The area of cross section of the 
rod is A and its Young's modulus is Y. Neglect gravity. The strain at the mid point of the rod is : 

mro2 l 3mro2 l 2 2	 ( 
v 

'\ 

(C) 3mro e (D) mro .e 
(A) 8AY (8) 8AY 4AY 	 4AY c

8.26 	 A body moves along an uneven surface with constant speed at all points. The normal reaction of the 
road on the body is : 

£ "
G 

( " 

~ 

(A) maximum at A 	 (8) maximum at 8 
(C) minimum at C 	 (D) the same at A, 8 & C 

c 
a~~e~~~~~ 	 )I( 

f 
'~J 

V 

Natural length of spring is 
same as that of length of rod. 

A 
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SECTION - II : MULTIPLE CORRECT ANSWER TYPE 

8:27 	 Apartide';s descdbingcircular rhbti'Oh in anorizdntaf plane 'In contact with the<smooth inside surface· 
of a fixed right circular cone with its axis vertical and vertex down. The height of the plane of motion 
above the vertex is h and the semivertical angle of the cone is Ct.. The period of revolution of the 
particle: 

h 
('. 

\ 

(' 	 (A) increases as h increases (B) decreases as h increases 
(C) increases as Ct. increases 	 (D) decreases as Ct. increases 

/ 

\ .;.28 	 A machine, in an amusement park, consists of a cage at the end of one arm, hinged at O. The cage 
revolves along a vertical circle of radius r (ABCDEFGH) about its hinge 0, at constant linear speed 

v =..fir .The cage is so attached that the man of weight 'w' standing on a weighing machine, inside 

c the cage, is always vertical. Then which of the following islare correct 

/ 
E 

\. 	 • -)E '. 

r 
\. ,?" )t.1 


G::;< 0 r :;<c 

\. 	 ~'-t:.. ..*~( 	

.-x-' 
A 

f 
\. 	 (A) the weight reading at A is greater than the weight reading at E by 2 w. 

(B) the weight reading at G =w 


" (C) the ratio of the weight reading at E to that at A = 0 


( (0) the ratio of the weight reading at A to that at C = 2. 

\. 

8.29 	 A small sphere of mass m suspended by a thread is first taken aside so that the thread forms the right 
angle with the vertical and then released, then: 

(A) 	 total acceleration of sphere as afunction of e is g~1 + 3co's2 e 
(B) thread tension as a function of e is T =3mg cos e 

( (C) the angle e between the thread and the vertical at the moment when the total acceleration 

vector of the sphere is directed horizontally is cos-1 11 J3( 
(0) thread tension at the moment when the vertical component of the sphere's velocity is maximum 

~ - will be mg 

8.30 	 On a circular table, A and B are moving on the circumference. Man A runs behind man B to catch him. 
A runs with constant angular speed COl with respect to table and B runs at constant tangential speed v2 
with respect to ground. If it is found that the table rotates 30° in the oppOSite direction in every onec 
second and the initial angular separation between A and B is 30°, then A catches B after: (Radius of 
table is 3 m).c 

51t 
(A) 0.5 sec, if COl =6'" radls and v2 = 3.14 mls 

. 41t 
(B) 0.5 sec, if 0)1 = '"3 radls and v2 =3.14 mls 

41t( (C) 0.5 sec, if 0)1 ='"3 radls and v2 =6.28 mls 

( (O}A can not catch B within 0.5 s, if COl = ; rad/s and v2 =6.28 mls 

• a!~e~fo!S! 	 -. 
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SECTION - III : ASSERTION AND REASON TYPE 

8.31 	 Statement-1 : Two small spheres are suspended from same point a on roof with strings of different 
leiigUi'i:fB'6fh"'spneresmovealong' horizontal circles as shown. Then both spheres may move aloiig 
circles in same horizontal plane. 

/, 

Statement-2: For both spheres in statement-1 to move in circular paths in same horizontal plane. their 
angular speeds must be same. \.,' 
(A) Statement-1 is True. Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(B) Statement-1 is True. Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is:True. Statement-2 is False' 
(O) Statement-1 is False. Statement-2 is True 

3.32 	 Statement-1: A ball tied by thread is undergoing circular motion (of radius R) in a vertical plane. 
(Thread always remains in vertical plane). The difference of maximum and minimum tension in thread 


is independent of speed (u) of ball at the lowest position (u > .JSgR) 

Statement-2: For a ball of mass m tied by thread undergoing vertical circular motion (of radius R). 

difference in maximum and minimum magnitude of centripetal acceleration of the ball is independent 


of speed (u) of ball at the lowest position (u > ~5gR). '." 

, " 
'", --

SECTION - IV : COMPREHENSION TYPE 
/' . 
'-, ./ 

Comprehension # 1 
One end of a light string of length L is connected to a ball and the other end is connected to a fixed 
pOint O. The ball is released from rest at t::::: 0 with string horizontal and just taut. The ball then moves 
in vertical circular path as shown.The time taken by ball to go from position A to B is tl and from B to 

lowest position C is t • Let the velocity of ball at B is va and at C is Vc respectively.2

Q)- ••.•• 
C 	 c 

c 
8.33 	 If Ivel ::: 21val then the value of e as shown is 

(A) cos·1..:!. (B) sin·1..:!. (C) cos·1"21 
(O) sin·1"21 

4 4 	 ,''', 
"'---'" 

8.34 	 If Ivel::: 21val then: c 
(A) tl > t2 (B) t1 < t2 (C) tl ::: ~ (0) Information insufficient 

v
.~~~eo~ns! 	 )I( 

t" 

c 
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8.35 	 If Ivc- Va I = Ival. then the value of aas shown is : 

(A)·COS:{ ~fL (8) sin-{;}1/3 (C) cos·{fr~- '''~(6) sin-{ff3. 
Comprehension # 2 

A particle of mass M attached to an inextensible string is moving in a vertical circle of radius Rabout fixed 
() point O. It is imparted a velocity u in horizontal direction at lowest position as shown in figure. 

Following information is being given: 
u2(i) Velocity at a height h can be calculated by using formula v2 = - 2gh. 

Oi) Particle will complete the circle if u ~ ~5gR • 

_(iii) Particle will oscillates in lower half (0· < e ~ 90·) if 0 < u ~ ~2gR 

( 	
(iv) The magnitude of tension at a height 'h' is calculated by using formula 

\ 
M

T =R {u2 + gR - 3gh}. 

8.36 	 If R =2m, M =2 kg and u =12 m/s. Then value of tension at lowest position is : 
(A) 120 N (8) 164 N (C)264 N (0) zero 

( 
8.37 Tension at highest point of its trajectory in above question will be : 


( (A) 100 N (8)44 N (C) 144 N (0) 264 N 


8.38 If M =2 kg, R =2m and u =10 mls the velocity of particle when e=60·, 


( (A) 2.J5 mls (8) 415 mls (C) 5../2 mls (0) 5 mls 


( SECTION - V : MATRIX - MATCH TYPE 
( 

'-- 8.39 In column-I condition on velocity, force and acceleration of a particle is given. Resultant motion is 

( described in column-II. u=initial velocity, F =resultant force and V ,; instantaneous velocity. 

Column-I Column-II 
C (A) ux F= 0 and F =constant 	 (p) path will be circular path 

(,.-	 (8) u·F= 0 and F = constant (q) speed will increase 

{,-. 	 (C) v·F = 0 all the time and I F I = constant (r) path will be straight line 

and the particle always remains in one plane. 
( 

(0) U=2i - 3 J and acceleration at all time a= 6i 9J (s) path will be parabolic 

(t) Particle may retrace back 

8.40 	 A particle is moving with speed v =2eon the circumference of circle of radius R. Match the quantities 
given in column-I with corresponding results in column-II 

( Column-I 	 Column-II 
(A) Magnitude of tangential acceleration of particle (p) decreases with time. 

C (8) Magnitude of Centripetal acceleration of particle (q) increases with time 
(C) Magnitude of angular speed of particle (r) remains constant C 

with respect to centre of circle 

( (0) Value of tan e, where eis angle between the total (s) proportional to R 
acceleration vector and centripetal acceleration vector 

{ 

of particle\ .... c 

(t) inversely proportional to R ( 

rI B!~9[l~nC:r! 	 )( 
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8.41 	 Each situation in column I gives graph of a particle moving in circular path. The variables ro,e and t represent 
angular speed (at any time t) , angular displacement (in time t) and time respectively. Column II gives certain 
resulting interpretation. Match the graphs in column I with statements in column II and indicate your answer 
by darkening appropriate bubbles in the 4 x 4 matrix given in theOMR. 

ro 

...... ~~ 

(p) 	 Angular acceleration of particle is:uniform (A)~. 
ro - egraph 

(q) 	 Angular acceleration of particle is non-uniform (B)lL. 
(0

2 
- egraph 	 Y-"'-. 

(,)(e)L, (r) 	 Angular acceleration of particle is directly proportional to t. 

(0 - t graph 

ill 
f· 

(D) 	 (s) Angular acceleration of particle is directly proportional to e. 
v ----·/l>f 


ro f graph 


(t) 	 Angular acceleration of particle is directly proportional to slope of 
the curve. 

SECTION - VI : INTEGER TYPE 

8.42 	 A ball is projected making an angle e with the vertical. Consider a small part of the trajectory near the 
highest position and take it approximately to be a circular arc. What is the radius of this circle? This radius 
is called the radius of curvature (ROC) of the curve at the pointif u = 20 then ROC in m. 

8.43 	 A rod AB is moving on a fixed circle of radius R with constant velocity 'v' as shown in figure. P is the point of 

intersection of the rod and the circle. At an instant the rod is at a distance x = 53R 
from centre of the circle. 

The velocity of the rod is perpendicular to the rod and the rod is always parallel to the diameter CD. C 
A 

cI I .v 

c 
D, 

, IB 

The speed of point of intersection P is ; m.lsec. then x is 
c

8~~eu~us~ 	 )I( 
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8.44 	 A toy car of mass m ca n travel at a fixed speed. It moves in a circle on a fixed horizontal table. A string 
is connected to car and attached toa block of mass M =5m that hangs as shown in figure (the portion 
of string below thee table is always vertical). The coefficient of friction-:between the surface of table 
and tyres of the toy car is J..L. The ratio of the maximum radius to the minimum radius for which,the toy 

car can move in a circular path with centre 0 on table is ~ , then X is : 

(j ........r~.m

/ .... . " 
... o. " 
, '.....t ........: 


f 

" 

" 8.45 A squirrel climbing up a cylindrical post spirally makes the circle in a vertical height of four feet. If the top of 

the post is sixteen feet high and three feet in circumference, the distance travelled by it to reach the top is 
x 

x in feet. Find the value of 10' 

8.46 
1 

A small wedge whose base is horizontal is fixed to a vertical rod as shown in the figure.a = 45°, 1= 5.J2 

m.The sloping side of the wedge is frictionless and the wedge is spun with a constant angular speed 0) 

about vertical axis as shown in the figure. Find 

( wedge, 

( 
'" 
( . 	

(I: 
\. I 

, 
\. 

The value of angular speed 0) (rad/sec) for which the block of mass m just does not slide down the wedge? 

( 

(
\. 

{. 

{ 
'<: 

C 

t 

C 

( 
~. 

a~~eClt~US! 	 )( 
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TOPIC 

9 	 CENTRE OF ·MASS 

(-". 

SECTION - I : STRAIGHT OBJECTIVE TYPE 	
\ 

r, 
',J 

9.1 	 Two particles Aand 8 start moving due to their mutual interaction only. If at any time '1', aA & as are their 
.~ 

, -" 

respective accelerations, v A and vB are their respective velocities and upto that time W A and W B are the I r 
"," 

work done on A & 8 respectively by the mutual force, m A and mB are their masses respectively, then which 
. 

of the following is always correct. 

(A) vA + VB = 0 	 (8) n1.p, v A + rns vB = 0 

(C)WA +Ws=O 	 (0) aA + aB =0 r. 

9.2 	 On a smooth carom board; a coin moving in negative y-direction with a speed of 3 mls is being hit at 
the point (4, 6) by a striker moving along negative x-axis. The line joining centres of the coin and the 
striker just before the collision is paralle! to x-axis. After collision the coin goes into the hole located at 
the origin. Masses of the striker and the coin are equal. Considering the collision to be elastic, the 
initial and final speeds of the striker in mls will be : 

y 

fJ c 	 '

( ,
(4,6) ~ 

coin (X) striker 

~ 3m!s " , 
'- J 

(0,0) b C )( 

'J(A) (12, 0) (8)(2,0) (C) (3, 0) (0) none of these 
( -~. 

9.3 	 A train of mass M is moving on a circular track of radius' R ' with constant speed V. The length of the \, / 

train is half of the perimeter of the track. The linear momentum of the train will be 


2MV 

(A) 0 (8) 	 (C) MVR (0) MV 

1t 

9.4 	 A canon shell moving along a straight line bursts into two parts. Just after the burst one part moves with 
momentum 20 Ns making an angle 30°with the original line of motion. The minimum momentum ofthe other 
part of shell just after the burst is : 

(A) 0 Ns (8) 5 Ns (C) 10 Ns (0) 17.32 Ns 

9.5 	 The figure shows a hollow cube of side 'a' of volume V. There is a small 

chamber of volume ~ in the cube as shown. This chamber is completely T~ J- ____ : 

filled by m kg of water. Water leaks through a hole H. Then the work done I / ,11:" Holeby gravity in this process assuming that the complete water finally lies at 
a 

the bottom of the cube is : 

(A) 2 
1 

mg a 	 (8) '8
3 

mg a 1~ 
(C) '8

5 
mga 	 (0) '8

1 
mga 

Resonance'" • 

{'
'-J 

c 
c 
c 
r. ' 
"-J 

c/ 

Educating for better tomQrrow 	 ~. . 

c 
c 
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9.6 	 A balloon having mass' m ' is filled with gas and is held in hands of a boy. Then suddenly it get released and 
gas starts ro..mingout of itwith a constant rate. The velocities of the ejected gases is also .constant 2 mls 
with respect to the balloon. Find out the velocity of the balloon when "tfle mass of gas 'IS reduced to naif. 

[Effect of atmosphere and gravity is neglected] 
(A) in 2 (B) 2 in 4 (C) 2ln 2 (D) none of these 

9.7 	 Three baUsA. Band C (mA = me =4 ma) are placed on a smooth horizontal surface. Ball B collides with ball 
(; C with an initial velocity n as shown in the figure. Total number of collisions between the balls will be : (All 

collisions are elastic) 

(A) one (8) two 	 (C)three (D) four 

9.8 	 A gun is firing 20 balls per seconds of mass 20 gm each on the smooth horizontal table surface ABCD. 
( 
'  If the collision is perfectly elastic and balls are striking at the centre of table with a speed 5 mlsec at 

an angle of 60° with the vertical just before collision, then force exerted by one of the leg on ground is 
I 
\ (assume total weight of the table is 0.2 kg and g = 10 m/s2) : 

c 

( 
'

( 
~. 

(A) 0.5 N (B) 1 N 	 (C) 0.25 N (D) 0.75 N " 
( 9.9 The diagram shows the velocity - time graph for two masses Rand S that collided elastically. Which of 

( 
the following statements is true? 

"'~ 	 V(ms~l) 

t 	 1.2 
, 

t::R:::::::::::··········· 
0.8' u ..... 	.... uuH 

C 
.--- ... -, ..... -~~--------

C 
2 34 t(s) 

r 
'-~ I. Rand S moved in the same direction after the collision. 

II. 	 The velocities of Rand S were equal at the mid time of the collision. 

C III. The mass of R was greater than mass of S. 
(A) I only (B) II only (C) I and II only (D) I, II and III 

9.10 	 A system of two blocks A and B are connected by an inextensible massless string as shown in the 
( figure. The pulley is massless and frictionless. Initially the system is at rest when, a bullet of mass 'm' 

moving with a velocity 'u ' hits the block 'B' and gets embedded into it. The impulse imparted by tension 
C force to the block of mass 3m is : 

C 

c 
( 


4mu 2mu 	 3muw~u 
(B) 5 	 (C) 5 (D) 5 

l.~~ 	 W 
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9.11 	 A stationary body explodes into four identical fragments such that three of them fly off 
mutually perpendicular to each other, each with same K.E., Eo. The energy of explosion will be: 

4E 
(A) 6Eo (B) T 	 (C) 4Eo (0) 8Eo 

9.12 	 Three blocks are placed on smooth horizontal surface and lie on same horizontal straight line. Block 1 /-', 

and block 3 have mass m each and block 2 has mass M (M > m). Block 2 and block 3 are initially 
stationary, while block 1 is initially moving towards block 2 with speed v as shown. Assume that all 

collisions are head on and perfectly elastic. What value of M ensures that block 1 and block 3 have the 
m 

same final speed? 
,r', 

m M m 

(A) 5 +.J2 (B) 5-.J2 (C) 2 +../5 (0) 3 +.[5 

9.13 	 A particle of l1lass m is moving along the x-axis with speed v when it collides with a particle of mass 2m 
initially at rest. After the collision, the first particle has come to rest and the second particle has split 
into two equal-mass pieces that are shown in the figure. Which of the following statements correctly 
describes the speeds of the two pieces? (€I > 0) 

~ 

m 

..\f>.O.'.~is ..Q..~.,:amt 
2m 	 ~ 

m 
Before collision After collision 

t'
(A) Each piece moves with speed v. 	 \, ~ 

(B) Each piece moves with speed v/2. 
(C) One of the pieces moves with speed v/2. the other moves with speed greater than v/2 	

( 

(0) Each piece moves with speed greater than v/2. 

9.14 	 A 2 kg toy car can move along an x axis. Graph shows force Fx' acting on the car which begins at rest f " 

at time t :;;: O. The velocity of the car at t :;;: 10 s is : 
\j 

Fx(N) 

oII '\0 t(s) 	 (' , 
'" ....1 ~~I )11) ~.-t 

c 
(A) - i mls (B) -1.5 i mls (C) 6.5 i mls (0) 13 i mls 

(, 
\ ......../ 

9.15 	 AB is an L shaped obstacle fixed on a horizontal smooth table. A ball strikes it atA. gets 

deflected and restrikes it at B. If the velocity vector before collision is ij and coefficient of 

restitution of each collision is 'e', then the velocity of ball after its second collision at B is : 


(A) e2ij 	 (B) e2ij 

'-~(C) -ev 	 (0) data insufficient " 
IfNIResonance 	 ..rA1 Educating for better tomorrow 
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9.16 	 For a two-body system in absence of external forces, the kinetic energy as measured from ground frame is 

Ko and from c~nter of mass frame is Kern' Pick up the wrong statement 
(A) 	 The kinetic energy as measured from center of mass frame" is reasf 
(8) 	 Only the portion of energy Kern can be transformed from one form to another due to internal 

changes in the system. 
(C) 	 The system always retains at least Ko - Kern amount of kinetic energy as measured from ground 

frame irrespective of any kind of internal changes in the system. c; 	 (D) The system always retains at least Kern amount of kinetic energy as measured from ground frame 
irrespective of any kind of internal changes in the system 

(i 
9.17 	 Particle 'A' moves with speed 10 mls in"a frictionless circular fixed horizontal 


pipe of radius 5 m and strikes with '8' of double mass that of A. Coefficient 


( 	
of restitution is 1/2 and particle 'A' starts its journey at t =O. The time at 

which second collision occurs is :
" 

1t 	 21t 51t 
(A) 2s 	 (8) 3s (C) 2s (D) 41t s 

9.18 A particle of mass m is given initial speed u as shown in the figure. It transfers to the fixed inclined plane 

\. 
f without a jump, that is, its trajectory changes sharply from the horizontal line to the inclined line. All the 

surfaces are smooth and 90° ;;;: e > 0°. Then the height to which the particle shall rise on the inclined plane 
( (assume the length of the inclined plane to be very large) 

( 

..•......~.~. 
\. 

(A) increases with increase in e (8) decreases with increase in e 
f (C) is independentofe (D) data insufficient 
\ 

I. 9.19 	 When a block is placed on a wedge as shown in the figure, the block starts 

" 	 sliding down and the wedge also start sliding on ground. All surfaces are rough. 

The centre of mass of (wedge + block) system will move " 
( 
(A) leftward and downward. (8) right ward and downward. 

( (C) leftward and upwards. (D) only downward. ~~"""""'-~~~~ 

(" SECTION -II : MULTIPLE CORRECT ANSWER TYPE 

(." 9.20 Assuming potential energy 'U' at ground level to be zero. 

( 
Solid sphere Solid Cube Solid Cone Solid Cylinder 

{ S 

c 
( 

All objects are made up of same material.C 
Up = Potential energy of solid sphere 


= Potential energy of solid cube
C UQ 

UR = Potential energy of solid cone 

Us = Potential energy of solid cylinder 


)I( 

(A) Us> Up (B) UQ > Us (C) Up > Ua (D) Us > UR 

c • ~~~eC'ttc;?ns~ 
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9.21 	 A bag of mass M hangs by a long thread and a bullet (mass m) comes horizontally with velocity v and 
gets caught in the bag. Then for the combined system (bag + bullet) : 
(A) Momentum is mMv/(M + m) 	 (8) KE is (1/2) MV2 
(C) Momentum is mv 	 (D) KE is m2v2/2(M + m) 

9.22 	 A ball of mass m moving with a velocity v hits a massive wall of mass M (M »m) moving towards the 
ball with a velocity u. An elastic impact lasts for a time ilt. 


m(u +v)

(A) The average elastic force acting on the ball is ilt 

2m(u + v) 	 ()
(8) The average elastic force acting on the ball is ilt 

/'-''', 

(C) The kinetic energy of the ball increases by 2mu (u + v) 
(D) The kinetic energy of the ball remains the same after the collision. 

9.23 	 A particle strikes a horizontal smooth floor with a velocity u making an angle e with the floor and 
rebounds with velocity v making an angle", with the floor. If the coefficient of restitution between the 
particle and the floor is e, then: 
(A) the impulse delivered by the floor to the body is mu(1 + e) sin S. 	 \ , 

(8) tan", = e tan S. 

(C)V=U~1-(1-e2)Sin2S . 	 (-" 

(D) the ratio of the final kinetic energy to the initial kinetic energy is (cos2 e + e2 sin2 S) 
( 
" 

9.24 	 A smooth sphere A of mass m collides elastically with an identical sphere 8 at rest. The velocity of A 
before collision is 8 mls in a direction making 60° with the line joining the centres at the time of impact. 
Which of the following isfare possible: 

{-, 

(A) the sphere A comes to rest after collision 	 \ -" 

(8) the sphere 8 will move with a speed of 8 mls after collision , ' 

(C) the directions of motio,! of A and 8 after collision are at right angles 	 \./ 

(D) the speed of 8 after collision is 4 mls 

SECTION - III : ASSERTION AND REASON TYPE 

9.25 	 Statement-1 : No external force acts on system of two spheres which undergo a perfectly elastic ",jhead on collision. The minimum kinetic energy of this system is zero if the net momentum of this 
system is zero. 
Statement-2 : In any two body system undergoing perfectly elastic head on collision, at the instant of 
maximum deformation, the complete kinetic energy of the system is converted to deformation potential 
energy of the system. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 'jr ' 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. , . 

'-~ 

9.26 	 Statement-1 : A sphere of mass m moving with speed u undergoes a perfectly elastic head on collision with 
another sphere ofheavier mass M at rest (M > m), then direction of velocity of sphere ofmass m is reversed 
due to collision [no external force acts on system of two spheres] 
Statement-2 : During a collision of spheres of unequal masses, the heavier exerts more force on lighter c 
mass in comparison to the force which lighter mass exerts on heavier mass. (' 

, "'--/.(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correet explanation for qtatement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is Fa~se 
(D) Statement-1 is False, Statement-2 is True 

/ . 

m~~~~ 	 • ~" 
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9.27 	 Statement-1 : A rocket launched vertically upward explodes at the highest point it reaches. The 
explosion Pfoguc;es~hree fragments with non-zero initial velocity. Then the initial velocity vectors of 
all the three fragments are in one plane. 
Statement·2 : For sum of momentum of three particles to be zero all the three momentum vectors 
must be coplanar. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(O} Statement-1 is False, Statement-2 is True 


() 


('9.28 	 Statement-1 : Two spheres undergo a perfectly elastic collision. The kinetic energy of system of both 
spheres is always constant. [There is no external force on system of both spheres]. 
Statement-2 : If net external force on a system is zero, the velocity of centre of mass remains constant. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-:2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False . 


(' (0) Statement-1 is False, Statement-2 is True 

"

(SECTION -IV: COMPREHENSION TYPE 

(' Comprehension # 1 
"

Two blocks of equal mass m are connected by an unstretched spring and the system is kept at 
( rest on a frictionless horizontal surface. A constant force F is applied on the first block pulling it 

away from the other as shown in figure, 

F 
( 

,

\. 9.29 	 Then the displacement of the centre of mass at time t is : 
( Ft2 Ft2 	 2,\. 

(A)- (8) -	 (C) Fe (0) Ft 
2m 3m 4m 	 m( 

l 9.30 	 If the extension of the spring is Xc at time t, then the displacement of the right block at this instant "'-.' 

is : 


1 (Ft2 ) 1(Fe ) 1 (Ft2 ) (Fe )
(A) '2 	 2m +Xo (8)-2 2m+xo (C) - --xo (0) 2m +xo2 2mc 

( 
" 9.31 	 If the extension of the spring is Xc at time t, then the displacement of the left block at this instant 

is : .( 

Ft2 ) 1 (Ft2 ) '1 (2Fe ) 	 )\. 
I 

.. 	 m- xo 1 
2m- xo(A) ( 2m -xo (8) '2 2m +xo (C) '2 	 (0) "2 (Fe 

C 
Comprehension # 2 

A smooth ball 'A' moving with velocity 'V' collides with another smooth identical ball at rest. After 
C 	 . collision both the balls move with same speed with angle between their velocities 60 0 No external force • 

acts on the system of balls. 

c 
~o ~.A 	 B 

c l1a~~en~n~r~ 	 )I( 

c 
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9.32 	 The spee~ of each ball after the collision is 

V V V 2V 
,(A) 2 	 (8) "3 (C) .J3c (D).J3c 

9.33 	 If the kinetic energy lost is fully converted to heat then heat produced is 

2 	 1 ('
(A) ~mV2 (8) -mV2 (C)O 	 (D) _mV23 ' 6 

.t 

9.34 	 The value of coefficient of restitution is 

1 	 1 
(A) 1 	 (8) -

3 (C) .J3c (D)O 

Comprehension # 3 
In given figure, the small block of mass 2m is released from rest when the string is in horizontal 
position, 

,r~ring 
my 

~~~~~ c 
st~ng(.e) 	

(' , 

" 
9.35 	 Displacement of the ring when string makes an angle e= 3r with the vertical will be: 

4£ I 	 2£ 
(A) 15 (8) 15 (C) 15 	 (D) none of these 

/ " 

9.36 	 Maximum possible velocity of ring of mass 'm' is (Assuming zero friction): " 

(A) ~2g1 (8) ~4;l (C) )8;l (D) none of these 
( 
\. 

9.37 	 Find the tension in the string when the block has maximum velocity. 
(A) 12 mg (8) 14 mg (C) 8 mg (D) 20 mg 

SECTION - V : MATRIX - MATCH TYPE 

9.38 	 Two blocks A and B of mass m and 2m respectively are connected by a massless spring of spring (''., 

constant K. This system lies over a smooth horizontal surface. At t =0 the block A has velocity u towards 'J 

right as shown while the speed of block B is zero, and the length of spring is equal to its natural length at '~, 

that instant. In each situation of column I, certain statements are given and corresponding results are 
given in column II. Match the statements in column I with corresponding results in column II. 

B K A I', 

'17I6:~VR9Wn~~, 	 v 

smooth horizontal surface 

Column I 	 Column II 
(A) The velocity of block A 	 (p) can never be zero 
(8) The velocity of block 8 	 (q) may be zero at certain instants of time 
(C) The kinetic energy of system of two blocks (r) is minimum at maximum compression of spring o 
(D) The potential energy of spring (s) is maximum at maximum extension of spring 

~~~eu~ns~ 	 )I( 
{" 
v 
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9.39 In all cases in column-I, the blocks are placed on the smooth horizontal surface. 

Column-I . 

c) 


(A)The initial velocities given to the blocks 


when spring is relaxed are as shown 


(friction is absent) 


2 mls 1 mlso -. +

(-, ii1E~~~[~\. 

f 

System (two blocks + spring) 
f 

" 
f (B) A constant force is applied on 2 kg block. 

" Springs are initially relaxed & friction is absent 

( 


( u=O u=O u=O 
\. 

( 
})}~~~~~~(hOrizontal) 

" 
f 

System (three blocks + two springs) 

( 

\. 


(C) There is no friction between plank and ground 
( 

and initially system is at rest. Man starts moving 
( 

on a large plank with constant velocity. 

( 

( 
,,,:,,,"i'!~1

( 
11=0 

( 

System (man and plank) 

(0) Two trolleys are resting on a smooth horizontal 
( 

(. surface and a man standing on one of the trolleys 

jumps to the other with relative velocityof 4 mls( 

l 


l 


( 


( 

"- System (two trolleys + man) 

{ 

Column-II . 

(p) Centre of mass of the complete system shown 

will not move horizontally 

(q} Centre of mass of the complete system shown 

will move horizontally 

(r) Mechanical energy of the system will be 

conserved 

(s) 	Mechanical energy of the system will 

increase 

~- ,. ~~~eCltt~nSr! 	 W 
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9.40 In column-II different situations are shoyvn in which one object collides with the another object. IQ each case 

friction is absent and neglect effect of)\On-impulsive forces. In column-I different direction are given. 
" . " . 

You have to match the directions for each case in which momentum conservation can be applied 

on object Aor object B or system A& B. (Assume that objects do not bounce off the ground) 

(A) 

Column-I 

Along the line of impact (p) 

Column-ll 

(Al1kg 
-~10m/s

" " " '.
#/////./##/)9//.4 

() 

(8) Perpendicular to line of impact (q) 
10m/s " ,

\ 

(C) In horizontal direction (r) 

10m/s-
(D) 	 In vertical direction (s) RA =Rs 

(t) 

SECTION - VI : INTEGER TYPE 

9.41 	 Block I A I is hanging from a vertical spring and is at rest. Block IB' strikes the block IN with velocity I v I and 
sticks to it. Then the value of I v I for which the spring just attains natural length is : 

~!~e~~QS~ 	 )I( 
;~ 
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9.42 	 A plate of mass M is moved with constant velocity v against dust particles movingwith velocity u in opposite 

direction.as shown. The density of the dus.t is p and plat~~ ar.ea is ft.,: Find the force F required to keep. the 
plate movinguniformlyisAp «((+V}N, then N is .' . 

1 

v-......... .," .. .. " " ". ." " " " " .... " " 
~ "".... ..
F "",, "",, "",, .. " ".... ~ I"·· 	~j" 

c 	 Plate dust particle
(M) 	 . 

9.43 	 Each of the blocks shown in figure has mass 1 kg. The rear block moves with a speed of 2 mls towards 

the front block kept at rest. The spring attached to the front block is light and has a spring constant 50 

N/m. Find the maximum compression of the spring.(in cm.) 

, 	 --2m/s 

c 
\. 	

E~lmmlll~ 
:1.44 In the figure shown a small block B of mass mis released from the top of a smooth movablewedgeAofthe 

(
\ 

same mass m. The height of wedge A shown in figure is h =100 cm. B ascends another movable smooth 

wedge C of the same mass. Neglecting friction any where find the maximum height (in cm) attained by block 

BonwedgeC. 

( 	

i\. 

( 	 h 

( 

(d.45 A particle moving on a smooth horizontal surface strikes a stationary wall. The angle of strike is equal 

( . to the angle of rebound & is equal to 3r and the coefficient of restitution with wall is e = i. Find the 
,. 

X 
( 

friction coefficient between wall and the particle. in the form 10 and fill value of X.: 
'-.. 

"( 	 , 
," , 
37°)'( 
37°' /'" 	 /, 

/( 	 / 

/ 

<	
c/' 

C 

( 

f 

~ 

l 
r 
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TOPIC 

RIGID BODYDYNAMICS-110 
SECTION ~ I : STRAIGHT OBJECTIVE TYPE 

10.1 	 A uniform thin rod of length 41, mass 4m is bent at the points as shown in the figure. What is the 
moment of inertia of the rod about the axis passing through point 0 & perpendicular to the plane of the :~ 

~p& 	 a 

2 	 2 2 2 
(A) 	mf (8) 10mf (C) me (D} mf
 
- 3 3 . 12 
 24 

10.2 	 Two points of a rod move with velocities 3 v & v perpendicular to the rod and in the same direction, 
separated by a distance I r'. Then the angular velocity of the rod is : 

(A) 	3v (8) 4v (C) -5v (D) 2v 

r r r r 


10.3 	 In the pulley system shown, if radiiofthe bigger and smaller pulley are 2 m and 1 m respectively and the 
acceleration of block A is 5 m/s2 in the downward direction, then the acceleration of block 8 will be: 

A 8 
(A) 0 m/s2 (8) 5 m/s2 (C) 10 m/s2 (D) 5/2 m/s2 

10.4 	 A uniform thin rod of mass 'm' and length L is held horizontally by two vertical strings attached to the two 
ends. One of the string is cut. Find the angular acceleration soon after it is cut: 

g 	 3g. (8) .[ 	 (O) 2g
(A) 	2L (C) 2LL 	 L 

10.5 	 A sphere is released on a smooth inclined plane from the top. When it moves down its angular momentum 
is: 
(A) conserved about every point 
(8) conserved about the point of contact only 
(C) conserved about the centre of the sphere only 
(D) 	conserved about any point on a line parallel to the inclined plane and passing through 

the centre of the ball. 

10.6 	 A smooth tube of certain mass is rotated in gravity free space and 
released. The two balls shown in the figure move towards ends of the 
tube. For the whole system which of the following quantity is not 

-; Iconserved? 
(A) Angular momentum 	 (8) Linear momentum I 

~(C) Kinetic energy 	 (0) Angular speed 

-Resonance.rA1 Educating for better tomorrow 	 ~:. _ .. ·
:,". 	 ; C 
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, 10.7 	 In the figure shown a ball rolls without sliding. On a horizontal surface. It ascends a curved track upto 
~eight h and returns. Value of h is h1 for sufficiently rough curved track to avoid sliding and hz for smooth 
curved track, then: 

___________ t 
() 

(A) h1 = h2 (6) h1 < h2 {C}h1 > h2 (D) h2 =2 hl 

nO.s 	 A uniform ring of radius R rolls without sliding. The radius of curvature of the path followed by any 

particle of the ring at the highest point of its path will be : 
( 

\ 	 (A) R (B) 2 R (C) 4 R (D) none ofthese 

\ 
( 

jO.9 A uniform ring of radius R is given a back spin of angular velocity Vo/2R and thrown on a horizontal rough 

f surface with velocity ofcenter to be Vo. The velocity of the centre ofthe ring when it starts pure rolling will be 
(A) V012 	 (6) V014 (C) 3V 014 (D) 0 " 

( 

\ 10.10 	 A planar object made up of a uniform square plate and four semicircular discs of the same thickness 
and material is being acted upon by four forces of equal magnitude as shown in figure. The coordinates 
of point of application of forces is given by . 

( 

( 
(A) (0, a) (6) (0, -a) (C) (a, 0) (D) (-a, 0) 


( 

10.11 	 A square plate of edge a/2 is cut out from a uniform square plate of edge 'a' as shown in figure. The 

mass of the remaining portion is M. The moment of inertia of the shaded portion about an axis passing 
through '0' (centre of the square of side a) and perpendicular to plane of the plate is : . 

( 

/
\.,. 

2( 
A 9 2: (6) -

3 
Ma2 5 2: (D) Ma( ) 64 Ma 	 (C) 12 Ma16 6 

( 
vIR

C10.12 A uniform disc is performing pure rOiling on a smooth stationary surface ----... 
.' with constant angular velocity as shown in figure. At any instant, for the 

lowermost point of the disc: 

"111111"8;",:,, 
(A) Velocity is v, acceleration is zero (6) Velocity is zero, acceleration is zero 

v2: 	 2 

(e) velocity is v, acceleration is R (D) velocity is zero, acceleration is ~ 

c. . 	 Resonance .:.'l ~. EdUcating for better tomorrow 
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10.13 	 A small block of mass 'm' is rigidly attached at 'P' to a ring of mass '3m' and 
radius 'r'. The system is released from rest at e= 90° and rolls withOut sliding. 
The angular acceleration of hoop just after release is-

g g g 	 g 
(A) 4r (8) ar (C) 3r 	 (0) 2r 

10.14 	 A uniform equilateral prism of mass m rests on a rough horizontal surface with coefficient of friction fl. 
A horizontal force F is applied on the prism as shown in the figure. If the coefficient of friction is 

j 

sufficiently high so that the prism does not slide before toppling, then the minimum force required to 

topple the prism is : 	 F 

{\
\ ; 

a C 
mg 	 flmg

(8) mg 	 (0) flmg(A) .J3 	 (C) .J34 	 4 

10.15 	 A uniform rod of mass m, length {'is placed over a smooth horizontal surface y 
f "''>,. 

along y-axis and is at rest as shown in figure. An impulsive force Fis applied At "- ; 

for a small time At along x-direction at pointA. The x-coordinate of end A of 1 
tl2the rod when the rod becomes parallei to x-axis for theHirst time is (initially 


the coordinate of centre of mass of the rod is (0, 0» : 
 ---------------~x ~ ---1-
1I:.e 	 £12 

(A) 12 	 (8) f(1 + 1~) iB 
I 

(C) f(1-i) 	 (0)f(1+i) 
I 

10.16 	 A uniform rod of mass M and length L lies radially on a disc rotating with angular 
speed 0) in a horizontal plane about its axis. The rod does not slip on the disc and 
the centre of the rod is at a distance R from the centre of the disc. Then the kinetic 
energy of the rod is : 

(A) .!. m0)2 (R2 + L2) 	 (8) -
1 m0)2R2

2 12 	 2 

(C) -
1 m0)2L2 	 (0) None of these 

24 

( '10.17 	 A uniform rod of length .e is sliding such that one of its ends is always in contact with a vertical wall and -~ 

its other end is always in contact with horizontal surface. Just after the rod is released from rest, the 
magnitude of acceleration of end points of the rod are a and b respectively. The angular acceleration of 
rod at this instant will be c 

c 
o 

a+b 	 ~la2_b21 .Ja2 +b2 
(A) - (8) (C) 	 (0) None ofthese c-' .e .e.e 	 - -

ImIResonance 	 .. -C 
.,Educating for better tomorrow 	 _ _ _ 
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· .0.18 	 A particle of mass m is moving at speed v perpendicular to a rod of length d and mass M =6m which 
pivots around a frictionless axle running through its centre. It strikes and sticks to the end of the rod. 
The moment of inertia of the rod about its centre is Md2/12. Then the angular speed of the system just 
after the collision is 	 • M-t-

I 
I 

( I 
Id 

c) I 
I 
I 

mED-+'{-_ ••.• 1 'f' 

(A)2v/3d. (8)2v/d. (C) v/d. (0) 3vl2d. 

(' 

10.19 	 A particle falls freely near the surface of the earth. Consider a fixed point 0 (not vertically below the particle) 

on the ground. Then pickup the incorrect alternative 
(A) Angular momentum of the particle about 0 is increasing. 
(8) Torque of the gravitational force on the particle about 0 is decreasing. 
(C) The moment of inertia of the particle about 0 is decreasing. 
(D) The angular velocity of the particle about 0 is increasing. 

( .0.20 A ball of mass m moving with constant velocity u collides with a smooth horizontal surface at 0 as 

f shown. Neglect gravity and friction. The y-axis is drawn normal to the horizontal surface at the point of 
\ impact 0 and x-axis is horizontal as shown in the figure. About which point will the angular momentum 
( ofball be conserved. 
\. 	 y 

B ,__.,-~. 
" " 

,;~"" " 

1JlIlIlImlli't;';;llll/lllllll> x 
f· 
\ 	 smooth horizontal surface 

( 	 (A) pointA (8) point 8 (C) point C (0) None of these 
\ 

("0,21 In the figure shown, a small solid spherical ball of mass 'm' can move without sliding in a fixed semicircular 
track of radius R in vertical plane. It is released from the top. The resultant force on the ball at the 

( lowest pOint of the track is \../ 

( 

( 

( (A) 10mg (8) 17mg (C) 3mg (0) zero 
7 	 7 7 

( 

(10.22 	 A uniform thin rod is bent in the form of closed loop A8COEFA as shown in the figure. 

t;.y 
I 
\. 

c 

( :F 
( 

The ratio of moment of inertia of the loop about x-axis to that about y-axis is. 
5: (A»1 (8)<1 (C)=1 	 (0)=1/2 

"(II ~~~9n~!!S~ 	 )I( 
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10.23 	 Figure shows an arrangement of masses hanging from a ceiling. In equilibrium, each rod is horizontal, has 
negligible mass and extends three times as far to the right of the wire supporting it as to the left. If mass m4 

is 48 kg then mass m1 is equal to. 

rn. 

rna 
rn2 rn1 

(A) 1 kg 	 (8) 2 kg (C) 3 kg {O} 4 kg () 

10.24 	 Two identical uniform discs of mass m and radius r are arranged as shown in the figure. If (l is the angular 
acceleration of the lower disc and acm is acceleration of centre of mass of the lower disc, then relation 
among a • a & r is :cm 

a~m 

(A) a em := -a (8) a := 2 (1, r (C) a = a r (0) none of these em 	 em r 

10.25 	 A uniform solid sphere rolls up (without slipping) the rough fixed inclined plane, and then back down. Which 
is the correct graph of acceleration 'a' of centre of mass of solid sphere as function of time t (for the duration 
sphere is on the incline) ? Assume that the sphere rolling up has a positive velocity. 

mJ!!::m~m' 
a a 	 a 

(8)(A)O~' (c)or=' (D) 01==' 	
c 
, ' 

r 
10.26 	 A conical pendulum consists of a simple pendulum moving in a horizontal circle as shown hi the figure. C is ~J 

the pivot, 0 the centre of the circle in which the pendulum bob moves and (0 the constant angular velocity of 

the bob. If [ is the angular momentum about point C, then 

c c 

~ G 

(A) [ is constant 	 (8) only direction of [ is constant c 
(C) only magnitude of [ is constant (0) none ofthe above 

.B~e~n~ 	 ~ c 
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10.27 	 A child with mass m is standing at the edge of a playground 

merry-go-round (A large uniform disc which rotates in horizontal plane 

'about a fixed vertica'i <!xis'in parks) with mOment of tnertia I,radius.R,and ". 


initial angular velocity roas shown in figure, The child jumps off the edge 


of the merry-go-round with a "elocity v with respect to the ground in direction 

tangent to periphery of the disc as shown. Thenew angular velocity of the 

merry-go~round is: 

\. i " 
, 2 2 2 

(A) ~Iro2 ~mv2 (B) f(I+mR )ro -mv (C) lro-mvR (D) (I+mR2)ro-mvR
c V I I I 


(10.28 Two identical uniform solid spherical balls A & B of mass m each are placed on a fixed wedge as shown in 

! 
figure. Ball B is kept at rest and it is released just before two balls collides. Ball A rolls down without slipping 

\ on inclined plane & collide elastically with ball B. The kinetic energy of ball A just after the collision with ball 

B is: 
\" 

.. -" ....... 


h h/2 e 
( 

r 	

I ~ 
( 

(A) mgh (B) mgh (C) 2mgh (D) 7mgh " 7 2 	 5 5 
( 
\ 

10.29 	 A uniform triangular plate ABC of moment of mass m and inertia 1 (about an axis passing through A and 
perpendicular to plane of the plate) can rotate freely in the vertical plane about point 'A' as shown in 
figure. The plate is released from the position shown in the figure. Line AB is horizontal. The acceleration 

( 
of centre of mass just after the release of plate is : 

( 
'\. 

C 

c. 
2 	 2mga mga2 mga	 2 

(D) 	mgaC (A) -131 (B)~ (C) 2-13 I 	 31 

( 
SECTION -II: MULTIPLE CORRECT ANSWER TYPE c 

(' 10.30 In the shown figure, the pulley of mass M and radius R can rotate about its fixed 
horizontal axis (axle) without friction. Friction between light inextensible string and 

( pulley is sufficient to prevent slipping of string over pulley. The masses of blocks are 
m and m such that m > m • The system is released from rest as shown. Before1 	 2 2 1

( the block of mass m1 touches the pulley, pick up the correct statements. 

(A) 	The magnitude of acceleration of any small length de of string is constant
C throughout the motion. 

(B) Magnitude of force exerted by string on mass m is larger as compared to{ 2 

that exerted by string on mass m1• 

(C) 	Accelerations of both blocks are same, t 
(D) 	The acceleration of small length de of string in contact with block of mass 

m2 remains constant. 

AI'5lI C1 B 

'<4 

c lrlB!~eo~nS! 	 .' 
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10.31 	 A ladder AB is su pported by a smooth vertical wall and rough horizontal floor 
B as shown. A boy 'starts moving from A to B slowly. The ladder remains at 

rest, then pick up the correct statement(s) : 
smoOth

(A) Ma.gnitude of normal reaction by wall on ladder at point B will increase. wall 
.(~) Magnitude of normal reaction by wall on ladder at point B will decrease. 

A(C) Magnitude of normal reaction by floor on ladder at pointA will remain unchanged. 
(0) Magnitude of friction force by floor on ladder at pOint Awill increase. rough floor 

10.32 	 A rigid body is in pure rotation, that is, undergoing fixed axis rotation. Then wh ich of the following statement{s) 
are true? 
(A) You can find two points in the body in a plane perpendicular to the axis of rotation having same velocity 
(B) You can find two points in the body in a plane perpendicular to the axis of rotation having same acceleration. 
(C) Speed of all the particles lying on the curved surface of a cylinder whose axis coincides with the axis of 

rotation is same. 
(0) Angular speed of the body is same as seen from any point in the body. 

10.33 	 A uniform disc of mass 2kg and radius 1 m is mounted on an axle supported on fixed frictionless bearings. A 
light cord is wrapped around the rim of the disc and mass of 1 kg is tied to the free end. If it is released from 
rest, 
(A) the tension in the cord is 5N 
(B) in first 4 seconds the angular displacement of the disc is 40 rad. 
(C) the work done by the torque on the disc in first 4 sec. is 200J 
(0) the increase in the kinetic energy of the disc in the first 4 seconds is 200J. 

10.34 	 A uniform rod AC of length eand mass m is kept on a horizontal smooth plane. It is free to rotate and 
move. A particle of same mass m moving on the plane with velocity v strikes the rod at pOint B making 

an angle 37° with the rod. The collision is elastic. After collision: 

B e/4
(' 	 :> 

A : "~370 C 

'Vb , 

nv 
(A) The angular velocity of the rod will be 55£ 

(B) The centre of the rod will travel a distance 3'Ttl 
in the time in which it makes half rotation 

24mv 
(C) Impulse of the impact force is ----ss
(0) None of these 

SECTION - III : ASSERTION AND REASON TYPE 

10.35 	 Statement-1: A uniform rigid disc rolls without slipping on a fixed rough horizontal surface with uniform 
angular velocity. Then the acceleration of lowest point on the disc is zero. 
Statement-2: For a uniform rigid disc rolling without slipping on a fixed rough horizontal surface, the 
velocity of the lowest point on the disc is always zero. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

Pl8~~eCltt~n~r~ 	 .: 


( 

t' 
'. 

f 

\" ~ 
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c 
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10.36 	 Statement-1: A uniform thin rod of length L is hinged about one of its end and is free to rotate about 

the hinge without friction. Neglect the effect of gravity. A force F is applied at a distance x from the 

hinge on the rod s~ch that forc~"is always perpendicular to therociA'S'fhe value of xis increased from 

zero to L, the comporient of reaction by hinge on the rod perpendicular to length of rod increases. 

Statement-2 : Under the conditions given in statement-1 as x is increased from zero to L, the angular 

acceleration of rod increases. 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

(C) Statement-1 is True, Statement-2 is False 

(0) Statement-1 is False, Statement-2 is True. 

10.37 	 Statement-1: A uniform cubical block(of side a) undergoes translational motion on a smooth horizontal 

surface under action of horizontal force F as shown. Under the given condition, the horizontal surface 

exerts normal reaction non-uniformly on lower surface of the block. 
/' 
\... 

...--a~ 

/' 	 F.···· ,,"," . " ajell\. 	 8/4! ," .... '. "..."•.....• ' 

( 
\ 	

III~I/Illil/l fill 
( 
\ 

Statement-2: For the cubical block given in statement-1, the horizontal force F has tendency to rotate 

the cube about its centre in clockwise sense. Hence, the lower right edge of cube presses the horizontal 
/' 

surface harder in comparision to the force exerted by lower left edge of cube on horizontal surface. " 
! " (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
\., (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

( 
\. 

(C) Statement-1 is True, Statement-2 is False 

(0) Statement-1 is False, Statement-2 is True. 
( 

\., ' 


10.38 	 Statement-1 : A uniform solid sphere and a uniform hollow sphere of same radius and same material are 
,4--
\. released (at rest) from the top of a fixed inclined plane at the same time. They will reach the bottom 
( simultaneously, if they roll with sliding, 
\. 

Statement-2: I n the situation of statement-1, the centres of both spheres have the same acceleration and 
( they travel the same distance. Hence time taken is same. 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
( 

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

( (C) Statement-1 is True, Statement-2 is False 
"

(0) Statement-1 is False, Statement-2 is True. 
( 

10.39 	 Statement-1 : The net momentum of a system of two moving particles is zero. Then at a particular 
( 

instant of time, the net angular momentum of system of given two particle is same about any point. 

Statement-2 : If net momentum of a system of two moving particle is zero, then angular momentum ofC 
system of given tWo particles is zero about any point. 

C (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 

(B} Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
( 

(C) Statement-1 is True, Statement-2 is False 

(0) Statement-1 is False, Statement-2 is True. l 

c • B~~9C'tt~n~r! 	 )I( 
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SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 .1 

hi this passage q brief idea is given of the motion of the rolling bodies on an inclined plane. 
We will consider three cases: Objects are released on an incline plane 
Case A : which is smooth. 
Case 8 : where friction is insufficient to provide pure rolling. 
Case C : where friction is sufficient to provide pure rolling. 
Force diagram for three cases are as follows: (where symbols have their usual meanings) 

. . ia 
IlN/ 0/'""' 

Case (A) Case (8) . Case (C) 
a=O a:;taR a=aR

Eq uations for case (C) : 

MgsinO - f =Ma 
fR = (Mk2)a where k = radius of gyration and f is force of friction. 
a = aR \'-. ,/ 

on solving the above equations we will get 

();?J..·•.~ct r Ring IDisc IHOIIOW[ Solid 
sphere sphere 

R Iff iJ ~ RIJ ~ R 	

(

'< ... 

';'; :. 

a = (::i~:] 

To decide the minimum friction coefficient to provide pure rolling put 

f =Il Mg cos 0 


tane(*]

And we will get 


Ilmin = ( k2 ]
1+

R2 

Equations for case (8) : 

Mg sinS - JlN = Ma 

IlNR = Mk2a 

N = Mgcos8 


The K. E. of a rolling body can be expressed as : 	
( " 

v
1 2 1 2 

K.E. = 2'MVCM +2'ICMO) 

10.40 	 Three solid uniform spheres are released on an inclined plane as shown in 
figure. The distance between the spheres remains constant during motion in : c(A) all three cases 

,: ,(8) case '/>: & '8' v 
(C) only case 
(D) depends on the mass of the spheres 

IIa~~eCltt~nc:! 	 .. 
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.0.41 	 We have four objects: a solid sphere, a hollow sphere, a ring &a disc, all of same radius. When these 
are released on an inclined plane, it may happen that all of them do not perform pure rolling. But from 
the information of purerollin.g, ifone object can be confirmed to be pl!.relyrolling then it can be said that 
rest all will perform pure rolfing. This object whose pure rolling confirms pure rolling of all other objects 
is : 
(A) hollow sphere (B) solid sphere (C) ring 	 (D) disc 

,,10.42 If the four objects given in the above question are of same mass, same radius having the same friction 

" j 
coefficient & are released from the same height, then at the bottom the object which will have least 
kinetic energy for case 'B' will be then: • 
(A) hollow sphere (B) solid sphere (C) ring 	 (D) disc 

(" 

, 10.43 	 Two children 'A' & 'B' use bicycles, having wheels of ring type and disc type respectively. During a 
race, bicycles are given the same velocity from the bottom of the inclined bridge to ascend the bridge 
without pedalling, then (assuming pure rolling) : 
(A) both bicycles with reach upto same height 
(B) bicycle of child 'A' will reach a greater height 
(C) bicycle of child B will reach a greater height 
(D) depends on the masses of bicycles and the child " 

( 

" Comprehension # 2 

(. 	 A uniform bar of length 6 a &mass 8 m lies on a smooth horizontal table. Two .2m 
paint masses m & 2 m moving in the same horizontal plane with speeds 2 v vL C 

/ 	 and v respectively strike the bar as shown in the figure & stick to the bar after\ 	 ":'.N;',Vf,\?,,',F~·;;:'''·,18m
collision. 

'::i:I ~ a-I" 2a 	-"a"1 
\. 10.44 	 Velocity of the centre of mass of the system is 

( v 	 2v l~ 
(A) 2" {B)v 	 (C) "3 (D) Zero 

( 

\ 10.45 	 Angular velocity of the rod about centre of mass of the system is 
( v v v v

" (A) 5a (B) 15a (C) 3a (0) 10a 

( 

" 10.46 	 Total kinetic energy of the system, just after the collision is 

c, 3 3 3 
(A) mv2 (B) - mv2 (C) - mv2 (0) 3 mv2 

5 25 15 
( 


Comprehension # 3 

( . 	 A bicycle has pedal rods of length 16 cm connected to a sprocketed disc of radius 10 cm. The bicycle 

wheels are 70 cm in diameter and the chain runs over a gear of radius 4 cm. The speed of the cycle is 
constant and the cyclist applies 100 N force that is always perpendicular to the pedal rod, as shown In 
the figure. Assume tension in the lower part of chain is negligible. The cyclist is peddling at a constant 

( .' rate of two revolutions pet second. Assume that the force applied by other foot is zero when one foot is 
exerting 100 N force. Neglectfriction within cycle parts & the rolling friction. 

( 

( Chain 
upper part F=100N 

~16""( 
Sprocket Disc 

( 

( 10.47 The tension in the upper portion of the chain is equal to 
, (A)100N (B)120N (C)160N (0) 240 N 
(, 

rI ~~~9Cltt~nS! 	 );( 

C 
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10.48 	 Net torque on the rear wheel of the bicycle is equal to 

(A) zero (B) 16 N-m (C) 6.4 N-m (0)4.8 N-m 

10.49 	 The power delivered by the cyclist is equal to 
(A) 280 W (B) 100 W (C) 64 nW (0) 32 W 

10.50 	 The speed of the bicycle is 
(A) 6.4 n mls (B) 3.5 n mls (C) 2.8 n mls (0) 5.6 n mls 

10.51 	 The net force ofthe friction Dnthe rear wheel due to the road is : 
(A) 100 N (B) 62 N (C) 32.6 N (0) 18.3 N 

SECTION M V: MATRIX - MATCH TYPE 
('

10.52 	 A uniform disc rolls without slipping on a rough horizontal surface with uniform 
an£lular velocity. Point 0 is the centre of disc' and P is a point on disc as 
shown in figure. In each situation of column I a statement is given and the 
corresponding results are given in column-II. Match the statements in 
column-I with the results in column-II. 

Column I 	 Column II 
(A) The velocity of point P on disc 	 (p) Changes in magnitude with time 
(B) The acceleration of point P on disc 	 (q) is always directed from that point (the 

(
point on disc given in column-I) 
towards centre of disc. 

(C) The tangential acceleration of point P on disc (r) is always zero 
(0) The acceleration of point on disc which is in (s) is non-zero and remains constant 


contact with rough horizontal surface in magnitude 

(t) Changes in direction with time. 

( 
'10.53 	 In each situation of column-I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal 

surface as shown. At t=O ( initially) the angular velocity of disc is roo and velocity of centre of mass of '., 
disc is vo(in horizontal direction). The relation between Vo and roo for each situation and also initial 
sense of rotation is given for each situation in column-I. Then match the statements in column-I with 
the corresponding results in column-II. 

(0 _ 

Column-I 	 Column-II 

-())o 

(p) 	 The angular momentum of disc about point A (A) 	fi (vo > R wo) 

(as shown in figure) remains conserved. 

r " 
\.J~ 	 (q) The kinetic energy of disc after it starts rolling , .(B) 	~ (vo>Rroo) 
1../ 

without slipping is less than its initial kinetic energy. 

( " 
~ 

(r) 	 In the duration disc rolls with slipping, the (C) U (vo < R roo) 	
{' 
~ 

friction acts on disc towards left. 
c 

~ c
(s) 	 Before rolling starts acceleration of the disc remains (0) ~ (vo<Rroo) 

( , 
constant in magnitude and direction. ~ 

(t) 	 Final angular velocity is independent of friction '0 

coefficient between disc and the surface. 

a~~er:1t~!l~~ 	 .. £ ",\ 

\....,.-' 
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J.54 Consider a system of particles (it may be rigid or non rigid). In the column-! some condition on force 

and torque is given. Column-II contains the effects on the system. (Letters have usual meaning) 

Column-I 	 Column-II . 

(A) =0 	 (p) Psystem will be constant 
( . 

Fres 
\ 

, 	 (B) ;;res =0 (q) [system will be constant 

" 
(C) External force is absent (r) total work done by all forces will be zero 

(D) No nonconservative force acts. (s) total mechanical energy will be constant. 

(t) total work done by all the forces may be non 
,~ 

\, 	 zero. 

/ 

\ 

SECTION - VI : INTEGER TYPE 
{ 

\. 

( 	 0.55 A uniform rod of length 75 cm is hinged at one of its ends and is free to rotate in vertical plane. It is released 


from rest when rod is horizontal. When the rod becomes vertical, it is broken at mid-point and lower part now 
( 

moves freely. The distance ofcentre of lower part from hinge, when it again becomes vertical for the first time 


( 
 is r. Find the approximate value of 2r. 

10.56 A solid homogeneous cylinder of height h=1 m and base radius r= 1 m is kept vertically on a conveyer 
( 

" 	 belt moving horizontally with an increasing velocity v = 1 + t2• If the cylinder is not allowed to slip find 
( 
\. 	 the time when the cylinder is about to topple. 

( 

(10.57 	 A billiard ball at rest is struck horizontally one tenth of the diameter below the top. If P be the linear 
2 	 

impulse of the blow find the initial kinetic energy of the ball is ~6M then x is given by the mass of thef 
'"'. 

ball is being M. 

'-.f ,10.58 	 In the figure shown a block B of mass m can slide on a fixed horizontal smooth plane. A uniform solid 

sphereAof radius r of the same mass rolls without sliding on the block B. find the angular acceleration( 

of the sphere xg then x is. ( 	 r . 

(10.59 	 A uniform rod of length R and mass M is free to rotate about a horizontal axis passing through hinge P 

as in figure. First it is taken aside such that it becomes horizontal and then released. At the lowest 

point the rod hits the block B of mass m and stops. if ratio of mass of rod M to the mass of block m 

such that the block B completes the circle .JX then x is. Neglect any friction. 
t 

M P t ~ 
{ 
\.. 

,
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10.60 	 A carpet of mass M made of inextensible material is rolled along its length in the form of a cylinder of 

radius R and is kept on a rough floor. The carpet starts unrolling without sliding on the floor when a 

negligibly small push is given to it. the horizontal velocity ofthe axis,pfthe, cylindrical part of the carpet 

when its radius reduces to R/2.is ~ X;R ms·1 then x is . 

\ ,." 

" 
10.61 	 A thin uniform square plate ABeD of side 'a' and mass m is suspended in vertical plane as shown in the 

figure. AE and BF are two massiess inextensible strings. The IineAB is horizontal. Find the tension in 

(: 

the string AE just after BF is cut is 2mg then x is. 
x 

FE 

(
".."' 

\. " 

(' , 

\,./ 

(~ 

c 
c 

c 
c 
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11 
TOPIC 


SIMPLE HARMONIC MOTION 


• 

{ SECTION - I : STRAIGHT OBJECTIVE TYPE 
" ' 11.1 	 Asmooth piston of mass m and cross-section area A is in equilibrium on a diatomic gas filled in a cylindrical 

container and outside there is vaccum. The piston and the container are non-conducting and the height of 
gas column in the container is io at equilibrium. If the piston is displaced slightly down the equilibrium 

(' position, then the time period of its oscillation will be : " 
Vaccum 

\'

( 
\ 

( 

\ 
r 	

rn;;
(A) 21t~1 

Of 0 
(8) 21tV109 (C) 21t~TeO (D) 21t~5l0( 7g 	 5g 7g 

11.2 	 Kinetic energy of a particle executing SHM changes with time according to following graph mass of the 
particle is 2 kg. Then: 

K.E.(in J) 

( 

( 

( 	 0.1 0.2 0.3 0.4 

(A) time period of oscillation is 0.1 s (8) frequency of oscillation is 5 Hz 
( (C) amplitude of oscillation is 0.6 m (D) acceleration of the particle is zero at t ::: 0.1 s 

f 

11.3 	 In the figure is shown a spring mass system oscillating in uniform gravity. Ifwe neglect all dissipative force, 
it will keep on oscillating endlessly with constant amplitude and frequency. Accompanying graph shows 

( how displacement x of the block from the equilibrium position varies with time t. 

Now at a certain instant t= t8 when the block reaches its lowest position, gravity is switches off by some 

unknown mechanism. Which of the following graphs would correctly describes the changes taking place 

due to switching off the gravity? . 


( 

L 

( 	 Xh f\ f\ f\ . 
;';' ••••••••••••. ~I1 

L 

C 

'f {j 1\ {jAAAA. 	 '~ A A A 1\ I\1\f\ . 
(A) V Vv V VV V \ I 	 (8) 'VlJlJ \TV V V\ IC

'L,' 

c 
(C) '~ () () (j AMA 	 (D)'~

",f 	

VvlJ V 

V \ / , / \ / \ ~ t(in sec) 

( 	 )I(
Resonance 	 :L • educating for better tomorrow 
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11.4 	 Two particles P and Q describe S.H.M. of same amplitude a, same frequency f along the same straight line 

from the same mean positon. The maximum distance between the two particles is a.fi .The phase differe~ce 
between the particle is: 
(A) zero (8) 1tI2 (C) 1tI6 	 (0) 1tI3 

11.5 	 A block of mass 'm' is suspended from a spring and executes vertical SHM of· time period T as 

shown in figure. The amplitude of the SHM is A and spring is never in compressed state during the 

oscillation. The magnitude of minimum force exerted by spring on the block is : 
 ( 

2 41t241t A(A) mg -m 	 (8) mg + mA 
T2 

1t2 	 2n:
(C) mg - _? mA (O) mg +2 mA 


T 


11.6 	 A particle performs S.H.M. of amplitude A along a straight line. When it is at a distance J3 A from mean 
. 	 2 

position, its kinetic energy gets increased by an amount '21 
m m2 N due to an impulsive force. Then its 

(' 

new amplitude becomes: 	 ~. 

\. 
(A) f5 A (8) J3 	 {C).fi A (0)f5 A1. A2 

11.7 	 A horizontal spring-block system of mass 2kg executes S.H.M. When the block is passing through its 
equilibrium position, an object of mass 1kg is put on it and the two move together. The new amplitude of 
vibration is (A being its initial amplitude): 

A 
(A) JI A (8) HA (C) .J2 A (0) .J2 

( , 
\, J 

11.8 	 A pendulum of length L and bob of mass M has a spring offoree constant k connected 
horizontally to it at a distance h below its point of suspension. The rod is in equilibrium 
in vertical position. The rod of length Lused for vertical suspension is rigid and massless. 
The frequency of vibration of the system for small values of eis : 

1 Hh 	 1 ~mgL+k '.' 
". 

(A) - gL+-	 (8)-2L
21tL m 	 1t m 

mL2 
(C) 21t,1 mgL +kh 	 (D) 2;L ~9L + ( k~2 ) 

11.9 	 A metre stick swinging in vertical plane about a fixed horizontal axis passing through its 
one end undergoes small oscillation of freq uency fo' If the bottom half of the stick is cut 
off, then its new frequency of small oscillation would become: 

(A) fo 	 (8) ../2 fo (C) 2fo (0) 2../2 fo 1\
I c11.10 	 Which of the following is greatest in SHM (assuming potential energy = 0 at mean position) 

(A) Average kinetic energy with respect to space 
(8) Average potential energy with respect to space 
(C) Average kinetic energy with respect to time 
(0) Average potential energy with respect to time 

/f 
.. '(j 

LIIB~~eQtt~n~~ 	 )I( 
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SECTION -" : MULTIPLE CORRECT ANSWER TYPE 

11;11 A particle is subjected to two simple harmonic motions alongx and y directions according. to.x=:: 3sin 1QO 
n t; y ::: 4 sin 100 n t 
(A) Motion of particle will be on ellipse traversing it in clockwise direction. 

(' 
(8) Motion of particle will be on a straight line with slope 4/3. 

\ (C) Motion will be a simple harmonic motion with amplitude 5. 
(O) Phase difference between two motions is nl2. 

,~ .. 11.12 A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple 
\ . harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is at 

momentary rest. Then: 

. 	 (2n)(A) the period of oscillation is 5 
(8) the block weighs double its weight, when the plank is at one of the positions of momentary rest 

/C 
(C) the block weighs 0.5 times its weight on the plank halfway up 
{O} the block weighs 1.5 times its weight on the plank halfway down 

" 
/' 

SECTION -III: ASSERTION AND REASON TYPE 

11.13 	 Assertion: Kinetic energy of SHM at mean position is equal to potential energy at ends for a particle moving 
inSHM. 
Reason: Total energy in SHM is conserved. 

I 

{A} If both Assertion and Reason are true and the Reason is correct explanation of the Assertion. " 
(B) If both Assertion and Reason are true, but Reason is not correct explanation of the Assertion. 
(C) if Assertion is true, but the Reason is false. 
(0) ifAssertion is false, but the Reason is true. 

( 

( .11.14 	 Statement-1 : A SHM may be assumed as composition of many SHM's. 
Statement-2: Superposition of many SHM's (along same line) of same frequency will be a SHM. 

( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

" (B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False ( 
(0) Statement-1 is False, Statement-2 is True 

( . 11.15 	 Statement-1 : A particle is moving along x-axis. The resultant force F acting on it is given by 
F ::: - ax - b. Where a and b are both positive constants. The motion of this particle is not SHM. ( 
Statement-2 : In SHM resultant force must be proportional to the displacement from mean position. 

( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
'-..' 

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False ( 
(O) Statement-1 is False, Statement-2 is True 

C 
SECTION -IV: COMPREHENSION TYPE 

,( 

\ Comprehension - 1 

( . 	 A small block of mass m is fixed at upper end of a massless vertical spring of spring constant K::: 4mg and 
l 

natural length '1 Ol', The lower end of spring is free and is at a height l from fixed horizontal floor as shown 
in the figure, The spring is initially unstressed and the spring-block system is released from rest from shown 

( 	 position. 

(. 11.16 	 At the instant speed of block is maximum, the magnitude of force exerted by spring on the block is 

t: (A) mg'l., 	 (B)mg (C) Zero (0) None of these
2 

( Resonance 	 : .L 11 EdUcating for better tomorrow 	
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11.17 	 As the block is coming down. the maximum speed attained by the block is 

/ -\

(A)foF: .' (8) ~3gL (C) %{gl. JDtJ%9_~.,.. 	 \ 

11.18 	 Till the block reaches its lowest position for the first time. the time duration for which the spring remains 
compressed is 

(A) 1t - + - sin-1 -	 1tt- - sin-1 -1(8) + ~ 2g 	 4g. 3 4 g. 4g 3ffi~ 1 

{L 	 {L 2 1t{L.(L 2 
(C) 1tf2fi + V4g sin-

1 '3 	 (D) 2' V29 + V49 sin-
1 '3 

Comprehension - 2 

A large tank of cross-section area A contains liquid of density p .Acylinderof density p/4 and length.e and 
cross- section area a (a «A) is kept in equilibrium by applying an external vertically downward force as 
shown in the figure. The cylinder is just submerged in liquid. At t =0 the external force is removed \ ., 

instantaneously. Assume that water level in the tank remains constant. 

'.·-----f-~-'--., 
, 

:::~~~!~_-:: 13/4 == 

11.19 	 The acceleration of cylinder immediately after the external force is removed is 
(A) 9 	 (8) 2g (e) 3g (D) zero 

,.f " 

11.20 	 The speed of the cylinder when it reaches its equlibrium position is \. ., 

(A) ~/ii (8) %/ii (e) ~2ge (D) 2/ii 	
,-- , 

11.21 	 After its release at t O. the time taken by cylinder to reach its equilibrium position for the first time is 

1t[i 
(8) - - (e) - - (D) - (A) 8Vg 1tJf 1tJf 	 1tJf

3 9 4 g 	 2 g 

SECTION - V: MATRIX - MATCH TYPE 

11.22 	 A particle of mass 2 Kg is moving on a straight line under the action of force F = (8 - 2x) N. The particle is 
released at rest from x = 6 m. For the subsequent motion match the following (All the values in the right 
cloumn are in their S.1. units.) 

Column I 	 Column" 

(A) 	 Equilibrium postion is at x = (p) 7tf4 c 
(8) 	 Amplitude of S.H.M is (q) 7tf2 

(C) 	 Time taken to go directly (r) 4 

from x =2 to x =4 


(D) 	 Energy of S.H.M. is (s) 6 
{ .. 

(t) 	 2 '\.J 

--Resonance 	 )I(rA1 Educating for better tomorrow 	 . 
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11.23 	 A simple harmonic oscillatorconsistsofa block attached to a spring with k =200 N/m. The block slides on 
a frictionless horizontal surface, with equilibrium point x =O. Agraph of the block's velocity v as a function 

... 'of time tis shown. Correctly match the ~equired informatiol1int.he.,column,L~ijh.JtJ.eY!3ll1~~.gj'y5lnJ.nJh~ ... 
column II. (use n2 =10) 

V(m/s) 
( 
\ 	 2n 

o r \ -.--;- :> 

-2n" --- ... _-- - - - - - - - --- 

\ 
Column-I Column-n 

( 
(A) 

(8) 

The block's mass in kg 

The block's displacement 

(p) -0.20 

( at t =0 in metres (q) 0.0 

r 
\ 

(C) The block's acceleration 
at t = 0.10 s in m/s2 (r) 0.20 

, 
t , (0) The block's maximum kinetic 

energy in Joule (s) 4.0 
( 
\. (t) -200 

11.24 	 In each situation of column-I, the x-coordinate of a particle moving along x-axis is given in terms of time t. 
( 	 (0) is a positive constant). Match the equation of motion given in column-I with the type of motion given in 

column-II 
( 

Column-I Column-ll 

( (A) sin rot - cos rot (p) SHIV! 

t' , (8) sin30)t (q) Periodic'" / 

(C) 	 sin rot + sin3 O)t + sin5 rot (r) Periodic but not SHM 

(D) 	 exp (-ro2t2) (s) Non periodic 

c (t) 	 SHM but not periodic 

11.25 	 Two blocks A and 8 of mass m and 2m respectively are connected by a massless spring of spring constant 
K. This system lies over a smooth horizontal surface. At t = 0 the block A has velocity u towards right as( 
shown in the figure while the speed of block 8 is zero and the length of spring is equal to its natural length at 

f that instant. In each situation of column I, certain statements are given and corresponding results are given
'-, . 

in column II. 
8 K A 

( 1111~~~1 

smooth horizontal surface t 

Column-I 	 Column-n 
C 

(A) The velocity of block A (p) can never be zero 

C (8) The velocity of block 8 (q) may be zero at certain instants of time 

(C) 	 The kinetic energy of system of (~ is minimum at maximum compression of springC 
two blocks 

( (0) The potential energy of spring (s} is maximum at maximum extension of spring 

( (t) is maximum at maximum compression of spring 

C .B!~9n~nSr! 	 )( 
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SECTION - VI : INTEGER TYPE 

11.26 	 Aweightless rigid rod of length 40 cm with a small iron bob at the end is hinged at point A to the wall so that 
it canrotateinall directions. The rod is kept in the horizontal position by a vertical inextensibhs string of length 
20 cm, fixed at its mid point. The bob is displaced slightly, perpendicular to the plane of the rod and string. 

Find.period of small oscillations of the system in the form ~~sec. and fill value of X. (g = 10 m/s2) 

, "."'''',~.;I-_'-''''~f:._''~_''' 

B 

l;::;20cm 

l 

.~II!_"~_. 
e )( f~BOb 

m 
11.21 In the figure shown a plate of mass 60gm is at rest and in equilibrium. A particle of ~ " 14.5mg

'7 --rg
mass m =30gm is released from height 4.5 m from the plate. The particle sticks ?2mk 
to the plate. Neglecting the, duration of collision find time from the collision of the 
particle and the plate to the moment when the spring has maximum compression. 
Spring has force constant 100 N/m. Calculate value of time in the form X1t ms Ii" jjm Ilf:m jj)j) 

(millisecond) and fill value of X. 

11.28 	 Two simple pendulumsAand B having lengths f and fl4 respectively are released from the position as 
shown iii the figure. Calculate the time after which the release of the two strings become parallel for the first 

1t[T
time is xVg then x is . Angle e is very small 

{ " 

\. " 

~ ,- , 

( , 
,,-, 

B 

A 

11.29 	 Two spheres A and B of the same mass m and the same radius are placed on a rough horizontal surface. A 
is a uniform hollow sphere and B is uniform solid sphere. A and B can roll without sliding on the floor. They 
are also tied centrally to a light spring of spring constant k as shown in figure. A and B are released when 

( 
\../ 

the extension in the spring is xo' the amplitude of SHM of the spheres A is x~~o then x is 

A 	 B8::::£2..:., .. ,..... "' u } :~, 

\~~, .. :._:>:J(
", . 

(---,i 
' 

11.30 	 A particle starts from pointA, moves along a straight line path with an acceleration given by a = 2 (4 -. x) 
where x is distance from point A. The particle stops at point B for a moment. Find the distance AB (in m). 
(All values are in S.1. units) ( 

'---

1IIII~~~5?~tt~fcl~~------------------------------------------------------------- c;· 
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TOPIC 


STRING .WAVE,," 

SECTION wi: STRAIGHT OBJECTIVE TYPE 

, I 
/1 

(t._.", ··_11 

12,1 A travelling wave y::: A sin (kx - rot + S) passes from a heavier string to a lighter string. The reflected wave 
(') has amplitude 0,5 A. The junction of the strings is at x::: O. The equation of the reflected wave is: 

(A) y I ::.: 0.5 A sin (k x + co t + S) 	 (B) Y I ::: - 0.5 A sin (k x + ro t + S) 

{C)y'= 0.5Asin(rot kx-S} (D)y'=-0.5Asin(kx+rot-S) 

12.2 	 Which of the following travelling wave will produce standing wave, with node at x =0, when superimposed on 
y = A sin (rot - kx) 

(A) Asin (rot + kx) 	 (8) ASin (rot + kx + 1t)
( 

(C) A cos (rot + kx) 	 (D) A cos (rot + kx + 1t) 
f 

\. 12.3 Awire of length <I.' having tension T and radius I r' vibrates with fundamental frequency T. Another wire 
( of the same metal with length 21. having tension 2 T and radius 2 r will vibrate with fundamental I I 

frequrmcy: 

( f 
 f 

(A) f 	 (8) 2f (C) 2../2 (D) '2 fi 
/' 

" 
12A 	 A string of length 1.5 m with its two ends clamped is vibrating in fundamental mode. Amplitude at the 

centre of the string is 4 mm. Distances between the two points having amplitude 2 mm is: 
(A) 1 m 	 (8) 75 cm (C) 60 cm (D) 50 cm ( 

t,12.5 	 Two particles of medium disturbed by the wave propagation are at Xl ::: 0 and x ::: 1 cm. The respective2 
\, displacements (in em) of the particles can be given by the equations: 


Y'i ::: 2sin3nt
( 
Y2 = 2sin(3nt -nI8) 


The wave velocity is : 
C 
(A) 16 cm/sec (B) 24 cmlsec (C) 12 cmlsec (0) 8 cm/sec. 

(12.6 	 The displacement Vs time graph for two waves A and 8 which travel along the same string are shown in 
the figure. Their intensity ratio IAlIs is 

,.
( 
~ 

( 

c 
c 	 (A) "49 

(B) 1 (O) 2 
3 

A 

81 
(C) 16 

12.i At t::: 0, a transverse wave pulse travelling in the positive x direction with a speed of 2 mls in a wire is 

(. 
6. 

described by the function y == 2' given that x c¢ O. Transverse velocity of a particle at x::: 2m and t = 
x 

2 seconds is : 
(A) 3 m/s (8)  3 mls (C) 8 mls (0)  8 mls 

c 
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12.8 	 Sinusoidal waves 5.00 cm in amplitude are to be transmitted along a string having a !irear mass density 
equal to 4.00 x 10-2kg/m. If the source can deliver a average power of 90 W and·the str!ng is under a 
tension of 100 N, then the highest frequency at which the source can operate is (ta!<e n2 :: i 0) : 
(A) 45.3 Hz ,(8}'50 Hz (C) 30 Hz (D) 62.3 Hz 

12.9 	 The figure shows four progressive waves A, 8, C &O. It can be concluded from the figure that with respect to ,',
waveA: 	 \ 

y 

c 

'i' '[ 'l ! 'l , • rot 

(A) the wave C is ahead by a phase angle of nl2 & the wave B lags behind by a phase angle )"rJ2 
(8) the wave C lags behind by a phase angle of1tI2 &the wave 8 is ahead by a phase angle of rc!2 
(C) the wave C is ahead by a phase angle oh &the wave B lags behind by the phase angle of n 
(0) the wave C lags behind by a phase angle of 1t &the wave B is ahead by a phase angle of n. 

12.10 	 A 75 cm string fixed at both ends produces resonant frequencies 384 Hz and 288 Hz without there 
being any other resonant frequency between these two. Wave speed for the string 1s : 
(A) 144 mls (8) 2161)1/s (C) 108 nils (0) 72 tn/s 

12.11 	 A string of length 't is fixed at both ends. It is vibrating in its 3rt! overtone with maximum amplitude 'a'. The 

,e 
amplitude at a distance 3 from one end is : 	 \ 

a 
(A) a 	 (8)0 (C) .J3a 

2 	
(D) 2: 

12012 	 What is the percentage change in the tension necessary in a sonometer of fixed length to 8. r;ote I' 
\../ 

one octave lower (half of original frequency) than before 
(A) 25% (8) 50% (C) 67% (D) 75% 	 \./ 

12.13 	 A chord attached about an end to a vibrating fork divides it into 6 loops, when its tension k; 3;3 N. The 
tension at which it will vibrate in 4 loops is : 
(A) 24 N (8) 36 N (C) 64 N (0) 81 N 

c 
12.14 	 Two vibrating strings of same length, same cross section area and stretched to same tension are made 

of materials with densities p &2 p. Each string is fixed at both ends. If v1 represents rhe fundamental 

mode of vibration of the one made with denSity p and v2 for another, then v/v is: 	 Cz 

1 
(A) 2 (8) 2 (C) 12 (D) 	 c 

12.15 	 Which of the following function correctly represents the wave equation for finite values of x and t : G 
(A) Y =X2 - t2 (8) Y =cosx2 sint 	 . 

(C) y =log (X2 - t2) -Iog(x - t) (0) Y=e2X sint 	 C 

\...;--'~~~~~(l~fol~~--------------------------------------------------~~~---------	
{ . 

(.-: 
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, . 2.16 	 The figure shows at time t =0 second, a rectangular and triangular pulse on a uniform wire are approaching 
each other. The pulse speed is 0.5 cm/s. The resultant pulse at t = 2 second is 

A 

:inem 

( 
\ 

ZemI _____ L..--.-L.. 

( 	 .~-2 -1 o 2 3 In em 

Aincm 

4cmr - - 

( in em1' 

12em 
 I 
I 2cml 

\ 

(8) 

( 	

(A) ~____i____ ~ ',an. 
____ I____ 

-1 	 o 2 
L. __ 

-1 	 0 1 2 incm 
( 

\ 


( in elTll\ 
1 

4emr 
( inem'i'2em 1 


I: 2cml 

( 
 (C) : 2em 	 (D) 

____ 1___ ~ 
____ 1_( -1 0 1 in em 


-1 0 

, 
\, 12.17 A loop of a string of mass per unit length Il and radius R is rotated about an axis passing through centre 
( perpendicular to the plane with an angular velocity m. A sma" disturbance is created in the loop having 

the same sense of rotation. The linear speed of the disturbance for a stationary observer is : 
( (A) mR (8) 2mR (C) 3mR (O) zero 

(.12.18 	 A uniform rope having mass m hangs vertically from a rigid support. A transverse wave pulse is produced at 
the lower end. The speed u of wave pulse varies with height h from the lower end as: 

". ",F<( 	 , , 

(0) 

( 


( 

(A)1=-h (B)kh (C}~h 
hL4, 

( 	
q 

12.19 	 In a stationary wave that forms as a result of reflection of waves from an ostacle the ratio of the amplitude at 
( an antinode to the amplitude at node is n. The fraction of energy reflected is : 

n_1)2 
( 

( 	
(A) (n~1r (8) ( n+1 (C}(;;J (0) (n:1r 

C12.20 The fundamental frequency of a sonometer wire of length'eis f o' A bridge is now introduced at a distance of 
At from the centre of the wire (M« f). The n'umber of beats heard if both sides of the bridges are set into 

( vibration in their fundamental modes are: 

( (A) 8 f ot.t (8) f oM (C) 210M (O) 4foM 
t t t t 

( 

ImI Resonanc:e 	 .:P!A1 EdUcating for better tomorrow 
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12.21 	 There are three strings RPj PO and OS as shown. Their mass and lengths are RP = (0.1 Kg, 2m), PO =(0.2 
Kg, 3 m), OS = (0.15 Kg, 4 m) respectively. All the strings are under same tension. Wave-1 is incident at P.. 
It is partly reflected (wave-2) and partly transmitted (wave-3). Now wave-3 is incident at O. It is again partly 
transmitted {wave..5} and partly reflected (wave-4). Phase difference between wave-1 and wave: 

...!. 3.§..,.· 
C\ f\ ~ -XQl' f\ 

R V v \TV~ s 
~ +4 

(A) 2 is 1t (8) 4 is zero 	 \ , 

(C) both (A) and (8) are correct 	 (0) both (A) and (8) are wrong 

SECTION - II : MULTIPLE CORRECT ANSWER TYPE 

12.22 	 A wire of density 9 x 103 kg/m3 is stretched between two clamps 1 m apart and is stretched to an 

extension of 4.9 x 10.4 metre. Young's modulus of material is 9 x 1010 N/m2. Then: 
(A) The lowest frequency of standing wave is 35 Hz 
(8) The frequency of 1st overtone is 70 Hz 
(C) The frequency of 1st overtone is 105 Hz 
(O) The stress in the wire is 4.41 l( 101 N/m2 

12.23 	 In a standing wave on a string: 
(A) In one time period all the particles are simultaneously at rest twice. 	

/- " 

(8) All the particles must be at th<;lir positive extremes simultaneously once in one time period. 
(C) All the particles may be at their positive extremes simultaneously once in a time period. 
(0) All the particles are never at rest simultaneously. 

12.24 	 Awire, under tension between two fixed points A and B, executes transverse vibrations so that the midpoint 

o of AB is a node. Then: A 	 8

I ? I , 
\. 

(A) All points of wire between A and B are in the same phase 
(8) All points between A and 0 are in the same phase 	 c 
(C) A point between A and 0 and a point between 0 and B may have a phase difference of 1tI2 
(0) A point between A and 0 and a point between 0 and B may have a phase difference of 1t 

12.25 	 For a certain transverse standing wave on a long string, an antinode is formed at x =0 and next to it, 
a node is formed at x = 0.10 m. the displacement y(t) of the string particle at x = 0 is shown in figure. C 

y(cmH .! _ £ . I _ _t ) t(s} 
{ " v 

r' '.\....". 

(A) Transverse displacement of the particle at x =0.05m and t = 0.05s is - 2.fi em. 

(8) Transverse displacement of the particle at x = 0.04 m and t = 0.025 s is - 2.fi cm. 	 c 
(C) Speed of the travelling waves that interfere to produce this standing wave is 2 m/s. 

1 
(0) The transverse velocity of the string particle at x = 15 m and t = 0.1 s is 20 1t cm/s 

cEIResonance 	 .:rA1 Educating for better tomorrow 	 . 
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y 
f 12.26 	 y-x curve at an instant for a wave travelling along x axis on a string is 


shown. Slope at the point A on the curve, as shown, is 53°. 

(A), Iransversevelocity of the particle at point A is positive if the wave is 


tr~v~m;'g alongi>osi'tlve x aXIS. 	 ' '. 
(8) Transverse velocity of the partide at point A is positive if the wave is 


travelling along negative x axis of the particle at point A 

r (C) Magnitude of transverse velocity of the particle at point A is greater 


than wave speed. 


( 	 (D) Magnitude of transverse velocity o,f the particle at point A is lesser 

than wave speed. 


12.27 For a certain stretched string, three consecutive resonance freq uencies are observed as 105, 175, 245 Hz 

( 
respectively. Then select the correct alternative (s) : 
(A) The string is fixed at both ends (8) The string is fixed at one end only " 

/ (C) The fundamental frequency is 35 Hz (D) The fundamental frequency is 52.5 Hz 

\ 


SECTION - III : ASSERTION AND REASON TYPE 

( 	 12.28 Statement-1 : In a small segment of string carrying sinusoidal wave, total energy is conserved, 

Statement-2 : Every small part moves in SHM and in SHM total energy is conserved. 

(A) If both Assertion and Reason are true and the Reason is correct explanation of the Assertion.

( (8) If both Assertion and Reason are true, but Reason is not correct explanation of the Assertion. 
(C) if Assertion is true, but the Reason is false. 

( 
(D) if Assertion is false, but the Reason is true. 

( 12.29 	 Statement-1 : Two waves moving in a uniform string having uniform tension cannot have different 

f 	
velocities. 
Statement-2: Elastic and inertial properties of string are same for ali waves in same string. Moreover " 

( 	 speed of wave in a string depends on its elastic and inertial properties only. 
~ (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

, (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation. for Statement-1 
"
f 

(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

12.30 Statement-1 :, A standing wave pattern is formed in a string. The power transfer through a paint (other 
( than node and antinode) is' zero always. 

Statement-2 : At antinode tension is 'perpendicular to the velocity. 
( 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct expl~nation for Statement-1( 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True C 

SECTION - IV : COMPREHENSION TYPE 
( 


Comprehension - 1 

( 
'" In a standing wave experiment, a 1.2 kg horizontal rope is fixed in place at its two ends (x = 0 and 
( x = 2.0 m) and made to oscillate up and down in the fundamental mode, at frequency 5.0 Hz. At t = 0, 
, the point at x = 1.0 m has zero displacement and is moving upward in the positive direction of y axis 
( with a transverse velocity 3.14 m/s. 
~, 

12.31 	 Tension in the rope is : 
(A) 60 N (8) 100 N (C) 120 N (0)240 N 

C 12.32 Speed of the participating travelling wave on the rope is 
(A) 6 m/s (8) 15 m/s (C) 20 mls (D) 24 mls 

( 
12.33 What is the correct expression of the standing wave equation? 

( (A) (0.1) sin (nI2)x sin (10 1t) t (8) (0.1) sin (n)x sin (10 1t) t 
(C) (0.05) sin (nI2)x cos (10 11:) t (D) (0.04) sin (1t)x sin (10 n) t 

II S!~9feltt~!lSr! 	 )(c 
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Comprehension - 2 

A sinusoidal wave is propagating in negative x-direction in a string stret~hed along x-axis. A particle of string 
at x = 2m is found at its mean position and it is moving in positive y direction at t'= 1 seC. The amplitude of 
the wave, the wavelength and the angular frequency of the wave are 0.1 meter, re/4 meter and 4re rad/sec 
respectively. ; 

12.34 The equation of the wave is 
(A) y = 0.1 sin (4re(t -1)+ 8(x - 2}) (8) Y= 0.1 sin (t-1)- (x - 2» 
(C) Y= 0.1 sin (4re(t -1 )-8(x - 2)) (D) none of these 

12.35 The speed of particle at x = 2 m and t = 1sec is 
(A) O.2re mls (8) O.6re mls (C) O.4re mls (D) 0 

12.36 The instantaneous power transfer through x=2 m and t= 1.125 sec, is 

4re 2re 
(A) 10 Jls (8) 3 Jls (C) 3 

SECTION - V : MATRIX - MATCH TYPE 
L' 

12.37 Match the column: 

Column-I 

A 9 8
(A) (p)~ ~,; .@ 

Two strints each of length f and 

linear mass density Il and 91l are 
jOinecHogether and system is oscillated 
such that joint P is node T is tension in 
the strings. A and B are fixed ends. 

A 9!l B 
(8) (q)H pH 

Two strings each of length .e. and linear 
mass density Il and 91l are joined together 
and system is oscillated such that joint P 

is antinode. T is tension in each string. 
A and B are fixed ends. 

(C) AI .e. p .e. IB (r) 

P is the mid-point of the string fixed 

at both ends. T is tension in the 
string and !l is its linear mass density. 

(D) A~ ~ ._ B (s) 

T is the tension in the string fixed at 

A and B is free end. P is mid-point. Il 
is its the linear mass density. 

(t} 

II~~~ea~nS:r~ 

Jls (D)O 

Column-II 

Speed of component travelling wave is portion 

APwill be ~ 

Speed of component travelling wave in the 

portion AP will be more than that in portion BP. 

Frequency of oscillation of the system AB can 

1fT 
be 2£V; 

Frequency of oscillation of the system AB can 

1fT 
be 4£V; 

Wavelength of the wave in the portion PB can 

2£ 
be 3 · 

)( 

:--...... 

\ / 

() 

( '\ 

\ 

(' , 

\ . 

(' , 

(-, 
I. / 

( , 
\ J 

( 

\.. 

f' 
I.., , 

(' , 
\.. 

( , 
\, / 

c 
c 
c 
c 
c 
c 
c 
c 
c 
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;"2.38 Match the statements in column-I with the statements in column-II. 

Column-I Column-II 

(A) A tight string is fixed at both ends and {p} "At the middle, antinodeis formec:!" 
sustaining standing wave in odd harmonic 

(8) A tight string is fixed at one end and {q} At the middle, node is formed 
free at the other end in even harmonic 

( 
(C) A tight string is· fixed at both ends and (r) the frequency of vibration is 300% 

vibrating in four loops more than its fundamental frequency 

( (D) A tight string is fixed at one end and 
free at the other end, vibrating in 2nd 

(s) Phase difference between SHMsof any 
two partictes will be either 1t or zero. 

overtone 

(t} The frequency of vibration is 400% 
\ more than fundamental frequency. 

( SECTION .. VI : INTEGER TYPE 
{ 

\·12.39 A 40cm long wire having a mass 3.2 gm and area of cross section 1 mm2 is stretched between the support 
, 40.05 cm apart. In its fundamental mode. It vibrate with a frequency 1000/64 Hz. the young's modulus of the 
" wire is 10x N/m2 tben x is. 

( 
12.40 A non-uniform string of mass 45 kg and length 1.5 m has a variable linear mass density given by 

r 
\ 

fl =kx, where x is the distance from one end of the string and k is a constant. Tension in the string is 
15 N which is uniform. Find the time (in second) required for a pulse generated at one end of the string 

\ to travel to the other end. 

( 12.41 The equation of a string wave is given by (all quantity expressed in S.1. units) Y = 5 sin10n (t - 0.01x) 
aiong the x-axis. The magnitude of phase difference between the paints separated by a distance of 

\ 
( 

10m along x- axis is Xn then x is 

( 

("
\. . 

( 

C 

( 

(; ... 

( 

( 

C 

( 
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TOPIC 

13 
 .SOU.NO·WAVES 


SECTION -I: STRAIGHT OBJECTIVE TYPE 

/13.1 	 A closed organ pipe has length Ie '. The air in it is vibrating in 3rd overtone with maximum amplitude' a'. , 
Find the am plitude at a distance of il7 from closed end of the pipe. 

(A) a 	 (8) a/2 (C) .J3 a/2 (O) a/ J2 

13.2 	 When a sound wave is reflected from a wall, the phase difference between the reflected and incident 
pressure wave is: 
(A) 0 (8)n 	 (C) 1tI2 (0) nl4 

13.3 	 A source of frequency 'f is stationary and an observer starts moving towards it at t =0 with constant 
small acceleration. Then the variation of observed frequency f I registered by the observer with time is 
best represented as : 

t t 	 t 1-1----: t 
f' r 	 f' f'1 / f' 

(A) I (8) (C) ~ (0) 

t_ 1_ t  1

{ , 

\./ 
13.4 	 A stationary observer receives sonic oscillations from two tuning forks, one of which approaches and 

the other recedes with same speed. As this takes place the observer hears the beat frequency of 2 Hz. 
Find the speed of each tuning fork, if their oscillation frequency is 680 Hz and the velocity of sound in 
air is 340 m/s. 
(A) 1 mls (8) 2 mls (C) 0.5 mls (0) 1.5 mls 

( , 

'''_J 

13.5 	 A source of sound of frequency 256 Hz is moving rapidly towards a wall with a velocity of 
5 m/sec. If sound travels at a speed of 330 m/sec, then number of beats per second heard by an 
observer between the wall and the source is: 
(A) 7.7 Hz (8) 9 Hz (C) 4 Hz (0) none of these 

13.6 	 A point source is emitting sound in all directions. The ratio of distance of two points ffom the point 
source where the difference in loudness levels is 3 d8 is: (log10 2 =0.3) 

1 	 I 1 2 
(A) "2 (8) .J2 (C) "4 	 (O) 3' 

13.7 	 Two coherent sources of different intensities send waves which interfere. The ratio of the maximum 
intensity to the minimum intensity is 25. The intensities are in the ratio: 
(A) 25: 1 (8)5: 1 (C)9:4 {O)625: 1 	 c 

13.8 	 The frequency of a man's voice is 300 Hz and its .wavelength is 1 meter. If the wavelength of a child's 
voice is 1.5 m, then the frequency of the child's voice is : 

If '.(A) 20P Hz (8) 150 Hz (C) 400 Hz' (0) 350 Hz. 	 V 

13.9 	 Asound wave offrequency440 Hz is passing through air. An 02 molecule (mass = 5.3 x 10-26 kg) is set 

in oscillation with an amplitude of 10-6 m. Its speed at the centre of its oscillation is : 

(A)1.70x10-s m/s (8)17.0x10-s m/s (C)2.76x10-3 m/s (0)2.77x10-s m/s 

cIIIII Resonance' 	 .:rA1 Educating for better tomorrow 
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:~ 13.10 In the figure shown a source of sound of frequency 510 Hz moves with, constant velOcity 
Vs =20 mls in the direction shown. The wind is blowing at a constant velocity Vw =20 mls towards an 

~"<"'''ol;Jserverwho isa-t.rest.at pointS. Corresponding to th,e sound emj,ttedby the source at initial P9,siti(),n", 
... '., 

A, the frequency detected by the observer is equal to 

(speed of sound relative to air = 330 m/s) 


f 
y 

/v.\ 

~o/( -vwS--x 

() 


" \ 	 (A} 510 Hz (8) 500 Hz (C) 525 Hz (0) 550 Hz 

c 
13.11 A wall is moving with velocity u and a source of sound moves with velocity ~ in the ~ame direction as 

shown in the figure. Assuming that the sound travels with velocity 10u. The ratio of incident sound 

\ 
, wavelength on the wall to the reflected sound wavelength by the wall, is equal to : 

t u 

{ 	 "'-'u/2
S\. 

(' 
\ 	 (A) 9:11 (8) 11:9 (C) 4:5 (0) 5:4 

\ 13.12 	 S1 &Sa are two coherent sources of sound having no initial phase difference. The velocity of sound is 
330 m/s. No minima will be formed on the line passing through S2 and perpendicular to the line joining 

( S1 and S2 ' if the frequency of both the sources is : 

t ,8,( 

3m' 


(' 
11 ___ _ 


\, 8, 


(A) 50 Hz (8) 60 Hz (C) 70 Hz (0) 80 Hz (. 

13.13 Under similar conditions of temperature and pressure, In which of the following gases the( 
velocity of sound will be largest 
(A) H2 	 (8) N2 (C) He (0) CO2( 

(' 13.14 When beats are produced by two progressive waves of nearly the same frequency, which one of the 
following is correct? 

( (A) The particles vibrate simple harmonically, with the frequency equal to the difference in the 
component frequencies. 

( (8) The amplitude of vibration at any point changes simple harmonically with a frt~quency equal to 
the difference in the frequencies of the two waves. 

\. 
( (C) The frequency of beats depends upon the position, where the observer is 

(0) The frequency of beats changes as the time progresses 

13.15 S1 	and Sa are two coherent sources of sound separated by distance 100.25 A., where A. is the wave 
( 	 length of sound. S1 leads S2 in phase by 1t/2. A and B are two points on the line joining S1 and Sa as 

shown in figure. The ratio of amplitudes of source S1 and S2 are in ratio 1 :2. The ratio of intensity atA 
C 

to that of 8 	(~A }is s s 
B A '2 B. .. . 

~ 
100.25A

( 
1 

(Afoo (8) - (C)o (0}9 
, 9 '. .:~/ 

~eSClnanCe 	 . . 
(. • Educating for better tomorrow 
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13.16 	 There is a set of four tuning forks, one with the lowest frequency vibrating at 550 Hz. 8y using any two 
tuning forks at a time, the following beat frequencies are heard: 1, 2, 3, 5, 7, 8. The possible frequencies 
of the other three forks are: 
(A) 552, 553, 560 	 (8) 557, 558,560" 
(C) 552, 553, 55~ 	 (0) 551, 553, 558 

13.17 	 A 100 m long rod of density 10.0 x 104 kg/m3 and having Young's modulus Y = 1011 Pa, is clamped at one 
end. It is hammered at the other free end. The longitudinal pulse goes to right end, gets reflected and 
again returns t<;> the left end. How much time, the pulse take to go back to initial point. ~ , 

"" )~-'>I 	 I 
(A) 0.1 	sec. (8) 0.2 sec. (C) 0.3 sec. (0) 2 sec. 

13.18 	 For a sound wave travelling towards +x direction, sinusoidal longitudinal displacement. ~ at a certain 

time is given as a function of x. If Bulk modulus of air is 8 = 5 x 105 N/m2, the variation of pressure 
excess will be : \ J. 

, ' 

1; 

_ .\ I \ 

m 	

" 10""'m 

) x(m) 
( 
\ 

10·4

Pe, 	 ~e, 

+51t x 10" Pa+21t x 111 Pa 

(B) 	 -, .\ ( \(A) x(m) QI \ I ) ) x(m) 
! 
\./ 

-21t X 102 Pa -57t x 102 Pa 
(" 
'-,_/ 

(~Pex 

/ 

Pex 


+21t X 102 Pa 
 +51t X 102 Pa C)
(0)(C) 

QI \ " ) x(m) 	 QI,' \ " ) x(m) c
-51t X 102 Pa-21t X 102 Pa 

c 
13.19 	 Figure shows a stretched string of length Land pipes of length L, 2L, Ll2 and Ll2 in options (A), (8), (C) c 

and (0) respectively. The string's tension is adjusted until the speed of waves on the string equals the cspeed of sound waves in the air. The fundamental mode of oscillation is then set up on the string. In 
which pipe will the sound produced by the string cause resonance? c 

iJ4 L ~~. c
,~ 

" v 
(8) ___(A) I.....__ 	 (C) (0) =:I c 

-E-Ll2~ 	 +--Ll2~~L~ ~2L~ 

c 
c

-Resonance 	 '.'. .rA1 Educating for better tomorrow 	 ' 
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13.20 Earthquakes generate sound waves inside Earth. Unlike a gas, Earth can experience both transverse 
(S) and longitudinal (P) sound waves. Typically, the speed of S waves is about 4 km/s. A seismograph 
records Pand S ,waves· from a n ,eartl:lquake.,XheJi[st.pwaV.esgrrfve. 3.Q, rninpeforethefirst S wave 
(figure), Assuming the waves travel in a straight line, how far away d~es'th~ earthq-uak~'o~~ur1 m 

..• "," 

(Y == 12.8 X 1010 pa, P == 2000 kg/m3)
earth 	 earth 

( 
!, 

c: 
Q)( 	 a. 

..... 0)
C.S 
_"0 
r- .... 

~8 
iii~Oc-	 0..c:
,!!1a. 
a.ro 
(fl ....•_ 0) ~ 00 

§ 
'iii r 	 (fl, 

2 3 4 5 6C 
Time (min) 


C (A) 1900 km (8) 1440 krri (C) 1800 km (D) 1200 km 


( 13.21 If the source is moving towards right, wave front of sound waves get modified to" 
( 

;/ 

(0) None ofthese" (8)\ ~ (C)~
( 

" 
I 
\. 

13.22 Equation of a stationary and a travelling waves are as follows Y1 == a sin kx cos rot and Y2 =a sin 

C 
(rot - kx). The phase difference between two points x1== 3: and x2 == ~: is <Il1 in the standing wave (Y1) 

( 

( 	 and is <Il2in travelling wave (Y2) then ratio !: is 

(A) 1 	 (8) 5/6 (C) 3/4 (D) 6/7 

13.23 In the resonance tube experiment, the first resonance is heard when length of air column is £1 andC 
second resonance is heard when length of air column is f!2' What should be the minimum length of the 


( tube so that third resonance can also be heard. 

(A) 2t2 - £1 (8) 2 £1 (C) 5 f!1 	 (0) 7 £1 

( 
13.24 Radio waves coming at L. a to vertical are received by a radar after reflection from a nearby water 

C 	 surface & directly. What can be height of antenna from water surface so that it records a maximum 
intensity (a maxima). (wavelength == A) (Assume phase changes by 1t after reflection) 

( 

c 
A. 	 A A

il 
E 	

(A) _A 
(B) 2sina (C) 4sina (0) 4cosa 

L PI ~~~eD~nS:r! 	 )1( 
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13.25 	 Microwaves from a transmitter are directed normally towards a plane reflector. A detector moV(~s along 
the normal to the reflector. Between positions of 14 successive maxima, the detector travels a distance 
0.14 m. If the velocity of light is 3 )( 108 mIs, find the frequency of the transmitter 
(A)1;Sx 1010 Hz (B)1010 Hz (C)3)( 1010 Hz (D)6 x 1010Hz' 

13.26 	 A man standing in front of a mountain at a certain distance beats a drum at regular intervais. The 
drumming rate is gradually increased and he finds that the echo is not heard distinctly when thr:l rate 
becomes 40 per minute. He then moves nearer to the mountain by 90 meters and finds that the echo 
is again not heard when the drumming rate becomes 60 per minute 
(a) 	 The distance between the mountain and the initia!position of the man is : 

(A) 330 m (B) 300 m (C) 240 m (D) 270 m 
(b) the velocity of sound is 

(A) 330 mls (B) 360 mls (C) 300 mls (D) 2'70 m/s 

13.27 	 Figure shown is a graph, at a certain time t, of the displacement function S(x,t) of three sound waves 
1,2 and 3 as marked on the curves that travel along x-axis through air, If Pl' P2 af"ld P3 represent their 
pressure amplitudes respectively, then correct relation between them is : 

i.,12 
s A., 

·c A, 

(A) P1 > P z > P 3 (B)P >P >P (C) P = P = P (D) P2> P3> P,3 Z 1 1 z 3 

13.28 	 In Quincke's tube a detector detects minimum intensity. Now one of the tube is displaced by 5 em. 
During displacement detector detects maximum intensity 10 times, then finally a minirnum h'lten.sity 
(when displacement is complete), The wavelength of sound is : 
(A) 1019 cm (B) 1 cm (C) 1/2 cm (D) 5/9 em 

13.29 	 x =x + X (where x =4 cos rot and X =3 sin rot) is the equation of motion of (1 particle along 
1 z 1 z 


x-axis. The phase difference between x1 and x is : 

(A) 37° 	 (B) 53° (C) 90° (0) none ofthBS(:3 

13.30 	 8
1 

and 8
2 

are two coherent sources of sound of frequency 110Hz each. They S!'t'>~_,","."~....."_2~D~____,,.,_~ p 

have no initial phase difference. The intensity at a pOint P due to 8 1 is 10 and uJ 90"due to 8 is 410, Ifthe velocity of sound is 330 m/s then the resultant intensity 3n2 	

lat P is 
(A) 10 	 (B) 910 (C) 310 (D) 810 $2'\ 

13.31 	 A conveyor belt moves to the right with speed v = 300 m/min. A pieman puts pies on th.e belt at a rate of 
20 per minute while walking with speed 30 m/min towards a receiver at the other end. TherrequE:ncy with 
which they are received by the stationary receiver is: 
(A) 26.67 I minute (B) 30 I minute (C) 22.221 minute (D) 241 minute 

13.32 	 A detector is released from rest overa source ofsound of frequency fo =103 Hz, The frequency Gbserved by 
the detector at time t is plotted in the graph, The speed of sound in air is : (g = 10 m/s2) 

f;:~tL°
..... : 
1000 : 

/ 

\ 

,f ' 
\. . 

t" 

(
'/ 

: t(s) 
'{ . 
'--' 

30 . 

(A) 330 mls (B) 350 mls (C) 300 mls (D) 310 m/s 

1III~~~5?~tt~~~~------------------------------------------~~~--------

c 
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13.33 In the experiment for the determination of the speed of sound in air using the resonance column method, the 
length of the air column that resonates in the fundamental mode, with a tuning fork is 0.1 m. When this length 

" isehanged to 0;35m,thesametuning..forkresonate,s,with . .the fir,st ..overt()Q.~., C~Ic;.ul~tej;!wend cor~~i?,n: .., ',.•. < 

(A) 0,012 m (8) 0.025 m {ClO.05 m (D) 0.024 m 

.r' .13.34 A roller skater carrying a portable stereo skates at constant speed towards an observer at rest. Which of the 
\ following accurately represents how the frequency percejved by the observer changes with time? 

(, i
'1 

n >
0 
c 

(A) ~ 
U 
(j) 

./:: 
( 

\. 

( i 
( >

0 

(C) ai 
:::Ic- U 
(j) 

./:: 

( 

i 
>
0 

(8) ai 
:::I 
U 
(j) 

./:: 
time -----+ time-----+

i 
>. 
(.) 

(D) ai 
:::I 
U 
(j) 

./:: 
time -----+-	 time -----+

( SECTION ~ II : MULTIPLE CORRECT ANSWER TYPE 

( . 13.35 	 In a resonance tube experiment, a closed organ pipe of length 120 cm resonates when tuned with a 
tuning fork of frequency 340 Hz. If water is poured in the pipe then (given v =340 m/sec.) : 

( 	 air 
(A) minimum length of water column to have the resonance is 45 cm. 
(B) the distance between two successive nodes is 50 cm. c (C) the maximum length of water column to create the resonance is 95 cm. 
(D) none of these

( 

(: 13.36 Two identical stretched wires are vibrated together. They produce 8 beats per second. When tension in 
one wire is changed then the beat frequency is increased. If T1and T2 denote the tensions in the two 

E wires at any instant and T1 > T2 (initially) then how the change may be performed.
'.... 

(A) T1 decreased (B) T1 increased (e) T2 decreased (D) T2 increased 

( 


( •. SECTION ~ III : ASSERTION AND REASON TYPE 

( , 13.37 	 Statement 1 : Doppler formula for sound wave is symmetric with respect to the speed of source and speed 
ofobserver 
Statement 2 : Motion of source with respect to stationary observer is not equivalent to the motion of an( 
observer with respect to a stationary source. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.C 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

L (C) Statement-1 is True. Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

C 
13.38 Statement 1 : The base of Laplace correction was that exchange of heat between the region of compression

{ and rarefaction in air is negligible. 

Statement 2 :.Air is bad conductor of heat and velocity of sound in air is quite large. {
,-,' (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
t. (C) Statement-1 is True, Statement-2 is False 

(D) Statement-1 is False, Statement-2 is True :.( ~esonanc:e 	 . ..L, 11Educating tor better tomorrow 
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SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 

Adriver.isriding a car with velocity v c between two vertical walls on a horizontal sUrface as shown in figure. 
A source of sound of frequency 'f is situated on the car. (v c « v, where v is the speed of sound in air) 

. wall-2 wall-1 

/'
\/ 

13.39 	 Beat frequency observed by the driver corresponding to sound waves reflected from wall-1 and wall-2 (re'Reeted 
waves corresponding to waves directly coming from source) : 

(A) ~f ;, (B)"2Vc f (C) VC f (0) 4V 
C f 

\ / v v 2v v 
/ ' , 

13.40 	 Consider the sound wave ob,served by the driver directly from car has a wavelength 11,1 and the sound wave 
, " 

, 11,1 11,2 

after reflection from wall-1 observed by the driver has wavelength 11,2 then 11,1 + 11,2 is: 


(A) Vc 
v 

(B) 2vc 
v 

VC 
(C) 4v 

(0) 4vc 
v c. 

Comprehension # 2 

An Indian submarine is moving in "Arab Sagar" with a constant velocity. To detect enemy it sends out 
sonar waves which travel with velocity 1050 m/s in water. Initially the waves are getting reflected from a 
fixed island and the reflected waves are coming back to submarine. The frequency of reflected waves 
are detected by the submarine and found to be 10% greater than the sent waves. 

Sonar waves I
India~ ,..-....;1( .-.JII -...;:If -.Jt .-.JII \ 

submarine ,J. 
Jr"- Jr"- Jr-- JIt;:'"""- Jr"

Fixed 
Island 

Now an enemy ship comes in front, due to which the frequency of reflected waves detected by subma
rine becomes 21 % greater than the sent waves. 

13.41 The speed of Indian submarine is 
(A) 10 m/sec (B) 50 m/sec (C) 100 m/sec (0) 20 m/sec. 

13.42 The velocity of enemy ship should be: 
(A) 50 m/sec. toward Indian submarine 
{C)'100 m/sec. toward Indian submarine 

(B) 50 m/sec. away from Indian submarine 
(0) 100 m/sec. away from Indian submarine c 

13.43 If the wavelength received by enemy ship is 11,' and wavelength of reflected waves received by submarine 

is 11," then (~•.) equals G 

(A) 1 (B) 1.1 (C) 1.2 (0) 2 

13.44 Bulk modulus of sea water should be approximately (pwaler = 1000 kg/m3) 

(A)108 N/m2 (B)109 N/m2 (C)1010 N/m2 (0)1011N/m2 

PlB~~eCl~U~r! );( 
':C".. 
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Comprehension # 3 

. In sOWld.wave.y{x,.t}eq..uation ,andAP (x, t)eqL!~ti9,11 bayeePh.\3~~. glffE3.renq~.9,t~, .. ,_ ' 

Pressure amplitude in AP (x, t) equation is equal to 8AK. 
y (x, t) equation of a longitudinal wave is given as: 

(' 
y = 10-2 sin 27t (10001+ ~~ x) (All SI units) 

( 

\ 13.45 At t = 0, change in pressure is maximum at x = ..................m. 

(A) 0.34 	 (8) 0.255 (C) 0.085 (D) all of these 

13.46 If density of the gas is 10:-2 kg/m 3
, find the pressure amplitude: 

(A) 200.62 N/m2 (8) 421.24 N/m2 (C) 100.26 N/m2 (D) 21.36 N/m2 

/ SECTION - V : MATRIX - MATCH TYPE 

/ 13.47 Match the columns I & IL 
Column-I Column-ll 

( (A) 
(B) 

Pitch 
Loudness 

(p) 
(q) 

Number of harmonics present in the sound 
Intensity 

{ 
\ 

(C) 
(D) 

Quality 
wave front 

(r) 
(s) 

Frequency 
waveform 

{ 
\. 

(t) locus of points vribrating in a phase 

13.48 Match the Column I & II. : 
Column-I Column-ll 

(A) y = 4 sin (5x - 4 t) + 3 cos (p) Particles at every position are performing SHM 
(4t 5x + 7t/6) 

( 

" (8) Y =1a cos (t -3;0J (q) Equation of travelling wave 

( X \ 
sin (100) ( t- 330) 

( 
(C) 	 y =10 sin (21tx - 120t) + 10 (r) Equation of standing wave 

cos (120t + 21tx)( 

(D) 	 y =10 sin (21tx-120 t) + 8 (s) Equation of BeatsC cos (118t -	 59/307tx) 
(t) 	 I nitial displacement of particle at origin is zeroC 

SECTION - VI : INTEGER TYPE 
C . 13.49 A 3 m long organ pipeopen at both ends is driven to third harmonic standing wave. If the amplitude of 

pressure oscillation is 0.1 % of the mean atmospheric pressure (Po = 105 N/m2). if the amplitude of: ( 
x 

Particle oscillation is 1089n m then x is ( 

xC 13.50 	 In previous question density oscillation is 1089 kgm·3 then x is 

( 	 Speed of sound v =330 mIs, density of air Po = 1.0 kg/m3. 

t- 13.51 	 In a car race sound Signals emitted by the two cars are detected by the detector on the straight track 
at the end point of the race. Frequency observed are 330 Hz & 360 Hz and the original frequency is 300 
Hz of both cars. Race ends with the separation of 100 m between the cars. Assume both cars moveC 
with constant velocity and velocity of sound is 330 m/s. Find the time taken by winning car (in sec.) 

( 13.52 A bat emits ultrasonic sound of frequency 1000 kHz in air. If the sound meets a water surface, it gets 
partially reflected back and partially refracted (transm itted) in water. Difference of wavelength transmitted C to wavelength reflected is x cm. then x is (speed of sound in air =330 m/sec, Bulk modulus of water 
= 2.25 x 10e, p =1000 kg/m3)

water ,~. 	 )I(I 

l .B~~~n~nSo':; 	
. 

!. 
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'/TOPIC 

14 
 HEAT & THERMODYANMICS 


SECTION - I : STRAIGHT OBJECTiVE TYPE 

14.1 	 A diatomic ideal gas is heated at constant volume until the pressure is doubled and again heated at 
constant pressure until volume is doubled. The average molar heat capacity for whole process is: 

13R 19R 23R 	 17R 
(A) 6 	 (8)6 (C) "--6- (O) -6''''' 

14;2 	 One mole of an ideal gas is taken from state A to state 8 by three B 

different processes, P+ CD
C D E(a) AC8 (b) A08 (e) AE8 as shown in the P - V diagram. 

The heat absorbed by the gas is : 
A(A) greater in process (b) then in (a) (8) the least in process (b) ~---------------.·v 

(C) the same in (a) and (c) 	 (D) less in (c) then in (b) 

14.3 	 One mole ofan ideal gas at pressure Po and temperature To is expanded isothermally to twice its volume and 
then compressed at constant pressure to (Vo/2) and the gas is brought back to original state by a process 

in which P a V (Pressure is directly proportional to volume). The correct representation of process is : 

I 	 Itl f\7 ~tcL:-ZJ t~:----./1 
(A) poi -~ 

I 

- : 
I 

(8) (C) PJ2 --, I (D) VI2--~ 
I I I I rI , 

I 

Vo 2V. v.... TJ4 	 To T-+ To T-+ 

14.4 	 Maxwell's speed distribution curve is given for two different temperatures. For the given curves. 

t 
N T, 

v 
(A) T1 > T2 (8)T1<T2 (C)T1 sT2 (D) T1 =T2 

14.5 	 There are two thin spheres A and 8 of the same material and same thickness. They emit radiation like 
black bodies. Radius of A is double that of 8. A and 8 have same temperature T. When A and 8 are 
kept in a room of temperature To « T), the ratio of their rates of cooling (rate of fall of temperature) is: 

[ assume negligible heat exchange between A and 8 ] 
(A) 2 : 1 (8) 1 : 1 (C) 4 : 1 (D) 8 :, 1 

14.6 	 In the figure shownA8 is a rod of length 30 cm and area of cross-section 1.0 cm2 and thermal conductivity 
336 S.1. units. The ends A & 8 are maintained at temperatures 20° C and 40°C respectively. A point C 
of this rod is connected to a box 0, containing ice at 0° C, through a highly conducting wire of negligible 
heat capacity. The rate at which ice melts in the box is : 

A C B 
[Assume latent heat of fusion for ice Lf = 80 callgm ] 2QOC ~f 14Q'C 

1Oem 20cm 
(A) 84 mgls 	 (8) 84 gls ':--highly conducting wire 

Ice I D 
(C) 20 mgls 	 (0) 40 mgls QOC 

." . 

./ 
\ 

( 

-Resonance 	 )I(
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14.7 	 Two elastic rods are joined between fixed supports as shown in the figure. Condition for no change in 
the lengths of individual rods with the increase of temperature 

. 	 "(all a2=linS3reitpansionco-efficient'" 

All ~ =Area of rods 

Yj , Y2 = Young modulus) 

n"A,,), o."A,'Y'1 
7 I 

~ 

L, LaC\ 
( (A)~ = 0.1 Y1 Al L) 0.) YI (C)~ = L2 0.2 Y2 (D) Al = o.2Y2(6)-	= 

A2 (X,2 Y2 A2 L2 (X,2 Y2 A2 L\ 0.1 Y\ A2 0.1 Yt 

\ 14.8 Four particles have speeds 1, 0, 2, 3 mis, The root mean square speed of the particles is: (in mls) 

[14 

( 
,. 

(A) 3.5 (6) J3.5 (C) 1.5 	 (D) 1/3 
14.9 In a process the density of a gas remains constant. If the temperature is doubled, then the change in 

( the pressure will be : 

(A) 100 % increase (6) 200 % increase (C) 50 % decrease (D) 25 % decrease 
( 

14.10 	 A steel rod of length 1 m is heated from 25°C to 75°C keeping its length constant. The longitudinal 
r 

strain developed in the rod is (Given: Coefficient of Imear expansion of steel =12 x 10-6/°C)" 
( 

(A) 6 x 10-6 (6)-6 x 10-5 (C)-6 x 10-4 (D) zero 

" 14.11 A rod of length eand cross section area A has a variable thermal conductivity given by k = a T, where a is a 

,-,, positive constant and T is temperature in kelvin. Two ends of the rod are maintained at temperatures Tl and 

T2 (Tj > TJ Heat current flowing through the rod will be 
( 
\, 

(A) A a (T1
2 

- TJ) (6) A a (Tl t- TJ) Aa(T12+T;) A a (T12 - T;) 
( 	 e - t! (C) 3£ (D) 2£ 
"

C 14.12 POT diagram is shown below then choose the corresponding V-T diagram 
p 

r 
\ .. AV1e 

/B D 

T 

v 
A BND

( :n: (D)}C'(6) A C (C)(A/I U 
D 

v 

cc. 
'TT T 	 T 

( 

( 

14.13 A diatomic ideal gas undergoes a thermodynamic change according to 
the P-V diagram shown in the figure. The total heat given to the gas is 
nearly: 

(A}2.5PoVo (6}1.4PoVo 

P B 

2P,I .. --~k""'M" 
pl ........... ,c

or' : : 

C (C) 3.9 PoVo (D}1.1 PaVo 
~ 

Va 2Vo 
v 

( 

14.14 On an X temperature scale, water freezes at - 125.0° X and boils at 375.0° X. On a Y temperature 
scale, water freezes at - 70.00 y and boils at - 30.0°y' The value of temperature on X-scale equal to the 
temperature of 50.0o y on Y-scale is : 
(A) 455.0° X (6)- 125.0° X (C) 1375.0° X (D) 1500.0° X 

c .~~~en~nSr!;; 	 )I( 
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14.15 	 A solid spherical black body of radius r and uniform mass distribution is in free space. It emits power 
'P' and its rate of cooling is R then 

(A) RPex: r2" ~ ~ ~ (8) R P ex: r (C) R P ci:1/1"2" (D)R P ex:! 

r 


14.16 	 Ablack body emits radiation at the rate P when its temperature is T. At this temperature the wavelength 
at which the radiation has maximum intensity is 11.0 ' If at another temperature T' the power radiated is P' 

and wavelength at maximum intensity is A; then 

(A) pi T' :::: 32PT (8) pI T':::: 16PT (C) pI T' =BPT (D) P' T' :::: 4PT 

14.17 	 The emissive power of a black body at T =300 K is 100 Wattlm2. Consider a body B of areaA= 10 m2 
coefficient of reflectivity r = 0.3 and coefficient of transmission t = 0.5. Its temperature is 300 K. Then 
which of the following is incorrect: 
(A) The emissive power of B is 20 W/m2 (8) The emissive power of 8 is 200 W/m2 
(C) The power emitted by B is 200 Watts (0) The emissivity of B is =0.2 

14.18 	 There are four objects A, B, C and O. It is observed that A and B are in thermal equilibrium and C and Dare 
also in thermal equilibrium. However, A and C are not in thermal equilibrium. We can conclude that: 
(A) Band 0 are in thermal equilibrium 
(8) Band D could be in thermal equilibrium 
(C) Band 0 cannot be in thermal equilibrium 
(0) The zeroth law of thermodynamics does not apply here because there are more than .three objects 

14.19 	 If He> HK and HF are heat required to raise the temperature of one gram of water by one: degree in 

Celsius, Kelvin and Fahrenheit temperature scales respectively then: 

(A) HK > He > HF (B) HF > He > HK (C) HK = He > HF (D) HK = He = HF 

14.20 	 Find the amount of work done to increase the temperature of one mole of an ideal gas by 30°C if it is 

expanding under the condition V oc: T2/3 . 

(A) 166.2 J (B) 136.2 (C) 126.2 J (D) none of these 

14.21 	 A gas is expanded from volume Vo to 2Vo under three different processes. p 
Process 1 is isobaric process, process 2 is isothermal and process 3 is 
adiabatic. Let AU 1,AU2 and AU 3 be the change in internal energy of the gas in 
these three processes. Then: 

(A) AU1> AU 2 > AU 3 	 (8) AU 1 < AU 2 < AU 3 

(C) AU2 < AU 1 < AU 3 	 (D) AU < AU < AU Vo~ ..:, 'V 
2 3 1 

14.22 	 Logarithms of readings of pressure and volume for an ideal gas were plotted 
on a graph as shown in Figure. By measurring the gradient, it can be shown 

2.38 

that the gas may be : l 2.30 

l 2.20(A) monoatomic and undergoing an adiabatic change 	 6 
a.. 
~ 2.10(8) monoatomic and undergoing an isothermal change 

(C) diatomic and undergoing an adiabatic change 

(D) triatomic and undergoing an isothermal change. 

14.23 	 A metallic sphere having radius O.OB m and mass m = 10kg is heated to'a temperature of22rC and 
suspended inside a box whose walls are at a_temperature of 27°C. The maximum rate at which its 
temperature will fall is :
(Take e = 1, Stefan's constant cr =5.B x 10-8 Wm-2 K-4 and specific heat of the metal s =90 cal/kg/deg 
J =4.2 Joules/Calorie) 
(A) .055 °C/sec (8) .066 °C/sec (C) .044 °C/sec (0) 0.03 °C/sec 

I 
I 
I 
I 
I 
I 
t __ .1 _______ _ 
I 
I 

1.10 1.20 1.30 

logV(dm'l-

IIa~~en!n~r~ 	 )I( 
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'SECTION -II: MULTIPLE CORRECT ANSWER TYPE 

14.24 	 Apartitiof] qivide? acontainer having insulated walls into two compartments I and II. The same gas fills 
the two compartments"whose'lnlIriii'parameters are given. The partition is a conducting wall'whichcan 
move freely without friction. Which of the following statement isfare correct, with reference to the final 
equilibrium position? 


'-' 


P, V, T 2P, 2V, T 
I II 

Cj 
(A) The Pressure in the two compartments are equal 

. 3V 
(B) Volume of compartment I is 5 

, 	 12V 
(C) Volume of compartment II is -5

5P
" (D) Final pressure in compartment I is 3 

,. 
\ 

( 
p2 

\ 14.25 During an experiment, an ideal gas is found to obey a condition - =constant [p = density of the gas]. The 
p 

gas is initially at temperature T, pressure P and density p. The gas expands such that density changes to ~ 
( 

(A) The pressure of the gas changes to .J2 P. 
( 
' 

(8) The temperature ofthe gas changes to.J2 T. 
(. 

\ (C) The graph of the above process on the P-T diagram is parabola. 


, (D) The graph of the above process on the P-T diagram is hyperbola. 

\ 

14.26 	 Pick the correct statements(s) : 
C 	 (A) The rms translationa~ speed for all ideal-gas molecules at the same temperature is not the same 

but it depends on the molecular mass. 

(8) Each particle in a gas has average translational kinetic energy and the equation ~mv2rms = ~ kT 
( 
\...' 

establishes the relationship between the average translational kinetic energy per particle and 
temperature of an ideal gas. It can be concluded that single particle has a temperature. ( 

(C} Temperature of an ideal gas is doubled from 100"C to 200"C. The average kinetic energy of each 
( 
'-. 	

particle is also doubled. 
(D) It is possible for both the pressure and volume of a monoatomic ideal gas to change simultaneously 

f 
\.. without causing the internal energy of the gas to change. 

14.27 	 Heat is supplied to a certain homogeneous sample of matter at a uniform rate. Its temperature is 

plotted against time as shown in the figure. Which of the following conclusions' can be drawn? T 
c 

1
( 	 Temp 

Time_ 

( (A) its specific heat capacity is greater in the solid state than in the liquid state. 
(8) its specific heat capacity is greater in the liquid state than in the solid state. 

(, (C) its latent heat of vaporization is greater than its latent heat of fusion. 
(D) its latent heat of vaporization is smaller than its latent heat of fusion. 

C • ~~~er:tt~US~ 	 )I( 
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14.28 	 When the temperature of a copper coin is raised by 80 oC, its diameter increases ,by 0.2%, 
(A) percentage rise in the area of a face is 0.4% 
(B) percentage rise in the thickness is 0.4% 
(C) percentage rise in the volume is 0:6% 
(0) coefficient of linear expansion of copper is 0.25x1 0-4 1°C. 

14.29 	 A vessel is partly filled with liquid. When the vessel is cooled to a lower temperature, the space in the vessel, 
unoccupied by the liquid remains constant. Then the volume of the liquid (V ), volume of the vessel (V), the

L
coefficients of cubical expansion of the material of the vessel (y.) and of the liquid (Y ) are related as:.

L

(A)yL>yv (B) YL<Yv . (C)y/yL=VjVL (O)yjYL=VLN. 

14.30 	 Two identical objects A and B are at temperatures TA and T B respectively. 60th objects are placed in a 
room with pe~fe?tly absorbing walls maintained at a temperature T (TA> T > TB)' The objects A and B 
attain the temperature T eventually. Select the correct statements from the following. 
(A) A only emits radiation, while B only absorbs it until both attain the temperature T. 
(B) A loses more heat by radiation than it absorbs, while 8 absorbs more radiation than it emits, until 
they attain the temperature T. 
(C) 80th A and B only absorb radiation, but do not emit it, until they attain the temperature T. 
(0) Each objecteontinues to emit and absorb radiation even after attaining the temperature T. 

SECTION - III : ASSERTION AND REASON TYPE 

14.31. 	 Statement-1: Two solid cylindrical rods of identical size and different thermal conductivity K1 and K2 
are connected in series. Then the equivalent thermal conductivity of two rod system is less than the 
value of thermal conductivity of either rod. 

(~)-K---,.(....-)-K------) 
1 2 

Statement-2 : For two cylindrical rods of identical size and different thermal conductivity K1 and K2 
connected in series, the equivalent thermal conductivity K is given by 

2 1 1 
+

K K1 K2 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

14.32 	 StatementM 1: As the temperature of the blackbody increases. the wavelength at which the spectral 
intensity (E») is maximum decreases. 
Statement-2 : The wavelength at which the spectral intenSity will be maximum for a' black body is 
proportional to the fourth power of its absolute temperature. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True. Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

14.33 	 Statement-1: An ideal gas is enclosed within a container fitted with a piston. When volume of this enclosed 
gas is increased at constant temperature, the pressure exerted by the gas on the piston decreases. 
Statement-2 : In the above situation the rate of molecules striking the piston decreases. If the rate at which 
molecules of a gas having same average speed striking a given area of the wall decreases, the pressure 
exerted by gas on the wall decreases. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True 

~esonanc:e 	 • 
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SECTION - IV : COMPREHENSION TYPE 

Comprehension#. 1 . , " . 
Two closed identical conducting containers are found in the laboratory of an old scientist. For the 

verification of the gas some experiments are performed on the two boxes and the results are noted. 

\ 

() 
( 

( 
Experiment 1. When the two containers are weighed W A = 225 g , Ws = 160 g and mass of evacuated 

\ container Wc = 100 g. 
Experiment 2. When the two containers are given same amount of heat same temperature rise is 
recorded. The pressure change found are 

APA =2.5 atm. APs =1.5 atm,( 
Required data for unknown gas: 

( 

\. 

( 

" 
Mono 

(molar mass} 

He 
4g 

Ne 
20g 

Ar 
40g 

Kr 
84 9 

Xe 
131 9 

Rd 
222 g 

Dia 
(molar mass} 

H2 
2g 

F2 
19 9 

N2 
28g 

O2 
32g 

CI2 

71 9 

( 

{ 14.34 Identify the type of gas filled in container A and B respectively. 

\.. (A) Mono, Mono (8) Dia, Dia (C) Mono. Dia (D) Dia, Mono. 


( 
14.35 	 Identify the gas filled in the container A and B. 

(A) N21 Ne (B) He, H2 (C) °2, Ar (D) Ar, 02( 

( 14.36 If the gases have initial temperature 300 K and they are mixed in an adiabatic cont,?iner having the 
same volume as the previous containers. Now the temperature of the mixture is T and pressure is P. 

C Then 
(A) P > PA • T > 300 K 	 (B) P > PB ' T = 300 K 
(C) P < PA • T = 300 K 	 (D) P > PA' T < 300 K 

( 
'  SECTION - V : MATRIX - MATCH TYPE 

( 
14.37 	 An ideal monoatomic gas undergoes different types of processes which are described in column-I. 

Match the corresponding effects in column-II. The letters have usual meaning.( 
Column,,;I Column-II 

C 
(A) 	 P=2V2 (p) Ifvolume increases then temperature will also increase. 

( (8) PV2 = constant 	 (q) If volume increases then temperature will decrease. 

(( (C) C = C + 2R 	 (r) For expansion, heat will have to be supplied to the gasv'-
(D) 	 C = C -2R (s) If temperature increases then work done by gas is 

v c positive. 

( (t) If temperature decreases then work done by gas is 
'-.0 positive 
r 
~. 

<- IIfi~~9D~f:l~! 	 )I( 
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14.38 	 A sample of gas goes from state A to state B in four different manners, as shown by the graphs. Let W 
be the work done by the gas and AU be change in internal energy along the path AB. Correctly match 
the graphs with the statements provided. 

Column-IColunm-U 

VI.y.(A) 
A 

'-------...~ p 

PI~ 

(B) 

'-------+~T 

TI~ 

(C) 

L..-----_"v 

VI A,0: 

(D) s: 
'---'-----..." p 

SECTION - VI : INTEGER TYPE 

(p) 	 Both Wand AU are positive 

(, , / 

(q) 	 Both Wand AU are negative 

" '(r) 	 W is positive whereas AU is negative 

(s) 	 W is negative whereas AU is positive 

(t) 	 Final temperature of an ideal gas is less than 
its initial temperature. 

14.39 	 Figure shows the variation of internal energy (U) with the pressure (P) of 2.0 mole gas in cyclic process 
abcda. The temperature of gas at c and dare 300 and 500 K. Calculate the heat absorbed by the gas 
during the process 10xR In2 then x is . 

14.40 	 Current i =2A flows through the resistance R == 10(2. With what constant speed v (in m/s), must the piston 
move in upward direction so that temperature of ideal gas may remain unchanged. (g == 10 m/s2) 

~. 

f 	
( 

kg 

Adiabatic c 
{ , 

'=/ 

c 
( 

~ 

( 
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TOPIC 
FLUID MEC,HANICS SURFACE 

TENSION, VISCOSITY & ELASTICITY 

SECTION - I : STRAIGHT OBJECTIVE TYPE 

( 

15.1 A cylindrical vessel filled with water is released on an inclined surface of 
angle eas shown in figure. The friction coefficient of surface with vessel is 
~ « tan e). Then the constant angle made by the surface of waterwith the 
incline will be : 
(A) tan-1 ~ (B) e tan-1 ~ 
(C) e+ tan-1 ~ (0) cor1 ~ 

( 
\ 

/' 

\. 

( 

15.2 A cylindrical container of radius' R' and height· h' is completely filled with a 
liquid. Two horizontal L shaped pipes ofsman cross-section area • a' are 
connected to the cylinder as shown in the figure. Now the two pipes are opened 
and fluid starts coming out of the pipes horizontally in opposite directions. 
Then the torque due to ejected liquid on the system is: 
(A) 4 aghpR 
(B) 8 ag h pR 
(C) 2 aghpR 
(0) none ofthese 

2R 

( 

15.3 A block of silver of mass 4 kg hanging from a string is immersed in a liquid of relative density 0.72. If relative 
density of silver is 10, then tension in the string will be:[ take g = 10 m/s2] 
(A) 37.12 N (B) 42 N (C) 73 N (0) 21 N 

C 

( 

15.4. A vessel contains oil (density = 0.8 gm/cm3) over mercury (density =13.6 gm/cm3). A uniform sphere floats 
with half its volume immersed in mercury and the other half in oil. The density of the material of sphere in gmt 
cm3 is: 

( 

c. 
(. 

15.5 

(A) 3.3 (B) 6.4 (C) 7.2 (0) 12.8 

A small uniform tube is bent into a circular tube of radius R and kept in the vertical 
plane. Equal volumes of two liquids of densities p and cr (p > cr) fill half of the tube as 
shown in the figure. e is the angle which the radius passing through the interface 
makes with the vertical. 

C 

( 
(A) e= tan1 (:+:) (O'-p)

(B) e= tan1 O'+P 

( 

( 

( 

{ 

15.6 

(C) e= tan-1 (P:O') (0) e= tan-1 (p ~0') 
An open tank 10m long and 2m deep is filled up to 1.5 m height with oil of specific gravity 0.82. The 
tank is uniformly accelerated along its length from rest to a speed of 20 mtsec horizontally. The shortest 
time in which the speed may be attained without spilling any oil is : [g = 10 mtsec2] 

(A) 20 sec. (B) 18 sec. (C) 10 sec. (0) 5 sec. 

C 

L 
(. 
'

('
\.. 

15.7 A U-tube of base ler.'lgth ~'t' filled with same volume of two liquids of densities 
l? and 2p is moving with an acceleration "a" on the horizontal plane. If the 
height difference between the two surfaces (open to atmosphere) becomes 
zero, then the height h is given by: 

a I!. 
(A) 2g 

3a I!. 
(B) 2g 

a 
(C)-£

g 
2a I!. 

(0) 3g 

1-----------
h

!!JW//Hfll$l#;@ ,-(
----a+ 

cr 

II~!i~9Ot~nc;;,! .. c 
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15.8 	 A narrow tube completely filled with a liquid is lying on a series of cylinders 

as shown in figure. Assuming no sliding between any surfaces, the value of 

acceleration of the cylinders for which liquid will not come out of the tube 

from anywhere is given by ~ 


H(A) gH 	 10 a
(8) gL

2L 

gH(C) 2gH 
(D) J2L,L 

15.9 	 The velocity of the liquid coming out of a small hol~ of a vess'el containing two 

different liquids of densities 2p and p as shown in figure is 


(A) ~6gh 	 (8) 2/9h 

(e) 2~2gh 	 (0)/9h 

15.10 	 A non uniform cylinder of mass m, length l and radius r is having its 

cetnre of mass at a distance 114 from the centre and lying on the axis 

of the cylinder. The cylinder is kept in a liquid of uniform density p. The 

moment of inertia of the rod about the centre of mass is I. The angular 

acceleration of point A relative to point 8 just after the rod is released 
 ~tmi~-fJi
from the position shown in figure is 	 ----------------

(A) 	1tpge
2
r2 (8) 1troe2r2 (e) 1troe2r2 (D) 31tpge

2
r2 


I 4I 2I 4I 


15.11 	 The coefficient of viscosity T] of a liquid is defined as the tangential force on a layer in that liquid per unit 

area per unit velocity gradient across it. Then a sphere of radius 'a', moving through it under a constant 

force F attains a constant velocity 'V' given by : (where K is a numerical constant) 


F F 	 a 
'.. .(A) K Fa T] (8) KaT] (e) K aT] (D) KT] F 

15.12 	 A square box of water has a small hole located in one of the 

bottom corner. When the box is full and placed on a level sur

face, complete opening of the hole results in a flow of water 
 ~~~~~: 
with a speed v ' as shown in figure (1). When the box is still o	 -:-:=::-:-: 
half empty, it is tilted by 45°'so that the hole is at the lowest +-oVa - - --JllillpOint. Now the water will flow out with a speed of 	 r- F~.~~-)~~~~· 
(A) Vo 	 (8) Vi2 

(e) ViJ2 	 (0) Viif2 

15.13 	 A steady stream of water falls straight down from a pipe as shown. Assume the flow is incompressible, 

then 


~ 	 c 
(A) the pressure in the water is higher at lower points in the stream. 
(8) the pressure in the water is lower at lower points in the stream. 
(e) the pressure in the water is the same at all points in the stream. 
(D) pressure variation will depend upon density and exit speed of the water. 

II~~~5ICl~US~ 	 .. 

open to atmosphere 

L 
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: ;5.14 Water filled in an empty tank of area 10A through a tap of cross sectional area A. The speed of water flowing 

1t 
out of tap is given by v (m/s) =10 p. - sin "30. t).where't' is in s~conds. Th~. b.~igbt.Qfw.<Me[ leye!(r0m the 

bottom of the tank at t = 15 sec will be 

30 5 	 30 
(A) 10 m (B) 15 + - m (C}4"m 	 (0) 15--m

1t 	 1t 
(15.15 A mosquito with 8 legs stands on water surface and each leg makes depression of radius' a'. If the 
. . surface tension and angle of contact are 'T' and zero respectively, then the weight of mosquito is 

Ta 	 Ta 
(A) 8 T . a (B) 16rcTa (C) -8·· (0) 161t 

15.16 	 An isolated and charged spherical soap bubble has a radius' r' and the pressure inside is atmospheric. 
If'T' is the surface tension of soap solution, then charge on drop is: 

(A) 2 /2 r T {B} 8 1t r ~2 r T Eo (C) 8 1t r ~r T Eo (0) 8 1t r)2 rT 
V Eo 	 Eo 

/ . 
\. '. . 	 . 

15.17 	 The figure shows a soap film in which a closed elastic thread is lying. The Elastic thread 
r film inside the thread is pricked. Now the sliding wire is moved out so that \. 

the surface area increases. The radius of the circle formed by elastic thread 

will 
 sliding wire 

(A) increase 

(, (8) decrease 


(C) remains same 

/ (O) data insufficient 
\. 

( 15.18 A capillary of the shape as shown is dipped in a liquid. Contact angle between the liquid and the 
\. capillary is 0° and effect of liquid inside the meniscus is to be neglected. 


T is surface tension of the liquid, r is radius of the meniscus, 

g is acceleration due to gravity and p is density of the liquid 
 ~~ 
then height h in equilibrium is( t'M!~~

2T 	 2T =:§: '::. -:. -:: -=: ~ -=. • 
(A) greater than rpg 	 (8) equal to rpg( 

2TC (C) less than rpg 	 (O) of any value depending upon actual values 

( ~ 15.19 Shape of the meniscus formed by two liquids when capillaries are dipped in them are shown. In I it is 
hemispherical where as in II it is flat. Pick correct statement regarding contact angles formed by the 

( . liquids in both situations 

, soap film 

( 	 E=== _-_-_
E--- -

( 	

~ 00i 
I II 

( (A) It is 1800 in I and 90° in II. 	 (B) It is 0° in I and 900 in II 
(C) It is 90° in I and 0° in II 	 (O) It is greater than 90° in I and equal to 90° in II. 

( 
15.20 	 A uniform rod of density p, and length '1' is having square cross-section of side 'a'. It is placed in a 

liquid of equal density p vertically along length in a tank having sufficient height of liquid. The surfaceC 
tension of liquid is 'T' and angle of contact is 120°. Then: 

C (A) rod will float completely immersed inside the liquid : 
(B) rod will sink to bottom of tank 

C 4T 
(C) rod will float partially submerged with height apg above liquid 

Ii 

' 
(0) rod will float partially submerged with height 2T above liquid.

apg 

~. II a~~eQ~I:'£=.!! 	 )II( 
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15.21 	 A cubical block of side' a' and density' p , slides over a fixed inclined plane with 0 ·'·... 
constant velocity 'v' " There is a thln film of viscous fluid of thickness 't' between ' .. ' .. ' .. 

~. ..". . ~the plane and the block. Then the coefficient of viscosity of the thin film will be : .... -.'. 
~:.>~'" 	-" ",Jfl(A) 11 = P agt sine 	 (B} Pagttarte 

v 	 v 

(C) v 	 (0) none of these 
p agt sine c 

15.22 	 When a ball is released from rest in a very long column of viscous liquid, its downward acceleration is 'a'uust 
after release). Find its acceleration when it has acquired two third of the maximum velocity: 

a 	 2a a 
(A) "3 (B) 3 	 (C) 6" (0) none of these 

15.23 	 A spaoe 2.5 cm wide between two large plane surfaces is filled with oil. Force required to drag a very 
thin plate of area 0.5 m2 just midway the surfaces at a speed of 0.5 m/sec is 1 N. The coefficient of 
viscosity in kg-sec/m2 is : , 

~/ 	
\
." 

t 
2.5 cm/ r 

Ft 

,k:)";m7Jnnm;,,,,~~t~:7J / 
(A) 5 x 10-2 (B) 2.5 x 10-2 (C} 1 x 10-2 (0) 7.5 x 10-2 

. !~ 

15.24 	 For a fluid which is flowing steadily, the level in the vertical tubes is best represented by 

" ,
(B) r~rmN~4%J ", ./(A) 

(0) :::::::::::::::::::=:::::::.'=":::::::::::::::::::::::: 
(C) m~ill%tbg00 

15.25 	 In determination of young modulus of elasticity of wire, a force is applied 
and extension is recorded. Initial length of wire is '1 m'. The curve between 
extension and stress is depicted then young modulus of wire will be: 
(A) 2 x 109 N/m 2 	 (8) 1 x 109 N/m 2 

(C) 2 x 1010 N/m2 	 (O) 1 x 1010 N/m2 

4mm 

f 
Extension 

2mm 

(' 
\..J 

I--/--
I , . 
I ~ 

- I 

4000KN/m' 8000KNIm' 

-Stress 
(KNlm') 

15.26 	 A block of mass' M' area of cross-section 'A' & length' e' is placed on smooth Area'A' c
horizonta I floor. A force' F' is applied on the block as shown. If ' Y , is young ~C 
modulus of material, then total extension in the block will be: 	 F 

0 	 JnHllJlI immmmmm/J1JJ1Fe 	 F~ ~ ~ 

(A) AY 	 (B) 2AY 

Fe 
(D) cannot extend(C) 3AY 

118!~e~~Q~! 	 )I( 
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15.27 	 A uniform rod of mass m and length eis rotating with constant angular velocity' 0) about an axis which 
passes through its one end and perpendicular to the length of rod. The area of cross section of the rod 
is A and its young's'mocfufUs is. Y. Negtectgravity~Thestrainatthe mid point-of the rod is : 

mro 2 e 	 3mro2 e 3m0)2e m0)2 e 
(A) BAY (S} BAY (C) 4AY (D) 4AY 

{",5.28 A long capillary tube of mass '1t' gm, radius 2mm and negligible thickness, 

" / is partially immersed in a liquid of surface tension 0.1 N/m. Take angle of 


contact zero and neglect buoyant force of liquid. The force required to 
o 
hold the tube vertically, will be - (g = 10 m/s2, 
(A) 10.41t mN 
(8) 10.B1t mN 

(C}O.B1t mN 

(D)4.81t mN 


The elongation in a metallic rod hinged at one end and rotating in a horizontal plane becomes four 
times of the initial value. The angular velocity of rotation becomes: 
(A) two times the initial value 	 (8} half of initial value 
(C) one third of initial value 	 (D) four times the initial value. 

Two forces F 1 and F 2 act on a thin uniform elastic rod placed in space. Force F 1 acts at right end of the 

rod and F 2 acts exactly at centre of the rod as shown (both forces act parallel to length of the rod). 

F2 
~ f-+.Fl 

C 
(i) F1 causes extension of rod while F 2 causes compression of rod. 

f . 

\.. (ii) Fl causes extension of rod and F 2 also causes extension of rod. 
(iii) Fl causes extension of rod while F2 does not change length of rod. 


( 
 The correct order of True I False in above statements is 

(A) T F F (8) F T F (C) F F T (0) F F F 

SECTION· II : MULTIPLE CORRECT ANSWER TYPE 
( ..... _......... ..


00." .. _ ........ ..
15.31 A cylindrical vessel of 90 cm height is kept filled upto the brim. It has four holes -- ........ 
........ - .... .&,
.... -- -...... ..

( 1,2,3,4 which are respectively at heights of 20cm, 30 cm, 40 cm and 50 cm 

from the horizontal floor PO. The water falling at the maximum horizontal distance 


( from the vessel comes from 

.... ....... ...
'(A) hole number 4 	 (8) hole number 3 .. .. _........ .. 


•• 0 •• =+1C. (C) hole number 2 	 (0) hole number 1. n~E~;~j
( 15.32 Which of the following is not possible? 	 P o 

c 	 5m/s 
~10mls3p...uuJA 1:::1->1' :::::t 

{ 
\. ~~~~~t..... ..... 

(8)
( 

(A) 

~ 
PA"2 x 10'N/m' 

(Moving fluid) 
(Stationary fluid) 

C 

(" . 

( 
(D)(C) 

( 

" (Stationary fluid) 

(Stationary fluid) 


\.. 

II~~~eC'tt~nSr~---~--,----,.--. 
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SECTION -III : ASSERTION AND REASON TYPE 

15.33 	 Statement-1: Imagine holding two identical bricks under water.' Brick A is completely submerged just 
below the surface ofwater, while brick B is at a greater depth. The magnitude of force exerted by the 
person (on the brick) to hold brick B in place is the same as magnitude of force exerted by the person 
(on'the brick) to hold brick A in place. 

f~Statement-2 : The magnitude of buoyant force on a brick completely submerged in water is equal to 
magnitude of weight of water it displaces and does not depend on depth of brick in water. 
(A) Statement-1 is Wue, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 	 . o 
(O) Statement-1 is False, Statement-2 is True 

[~ 

15.34 	 Statement-1: A uniform elastic rod lying on smooth horizontal surface is pulled by constant horizontal 
force of magnitude F;as shown in figure (i). Another identical elastic rod is pulled vertically upwards by 
a constant vertical fqrce of magnitude F (see figure ii). The extension in both rods will be same. 

~F 	
\ 

, ~

III}/'/'IIIJZI/~/F 
( ,Fig.-I Fig.-ii 
\ 

Statement-2: In a uniform elastic rod, the extension depends only on forces acting at the ends of rod. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

SECTION - IV : COMPREHENSION TYPE 	
/-" 

Comprehension : 1 
If the container filled with liquid gets accelerated horizontally or vertically, pressure in liquid gets changed. In 

case of horizontally accelerated liquid (ax)' the free surface has the slope ~. In case of vertically acceler
9 

\,• .Jated liquid (ay) for calculation of pressure, effective 9 is used. A closed box with horizontal base 6m by 6m 
/' 

and a height 2m is half filled with liquid. It is given a constant horizontal acceleration g/2 and vertical 
downward acceleration g/2. 

15.35 	 The angle of the free surface with the horizontal is equal to  c 
2 	 1 

(A) 300 	 (8) tan-1 3 {C)tan-1 
3 

(0) 450 

15.36 	 Length of exposed portion of top of box is equal to
(A) 2m 	 (8) 3m (C) 4m (D) 2.5 m 

15.37 	 Water pressure at the bottom of centre of box is equal to - (atmospheric pressure =105 N/m2, density of 
water =1000 kg/m 3, 9 = 10 m/sec2) 

(A) 1.1 MPa {8)0.11 MPa {C)0.101 MPa (0)0.011 MPa 
F 
I..J 

15.38 	 Maximum value of water pressure in the box is equal to 
. /" '\ 

(A) 1.4 MPa (8) 0.12 MPa (C) 0.104 MPa (O) 0.014 MPa 	 V 

15.39 	 What is the value of vertical acceleration of box for given horizontal acceleration (g/2), so that no part of ? 
\.~ 

bottom of box is exposed : 
(A) g/2 upward (8) g/4 downward (C) g/4 upward (O) not possible 

IIIIResonance 	 )I:(PrA1 Educating for betler tomorrow 
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'. ~mprehension 2 
When jet of liquid strikes a fixed or moving surfaces, it exerts thrust on it due to rate ofchange of momentum. 

~,,_ .:~-......-.~_. w ., ••w.._~...;.'~" : •.•• _~ 

\." A 
V~ ~ o ~ 

f' . 

\ 

F =(pAVo)'Vo - (pAVo)'Vo cos e=pAV02 ['1 - cos e] 

If surface is free and st arts moving due to thrust of liquid, then at any instant, the above equation gets 


r 
modified based on relative change ,of momentum with respect to surface. Let any instant the velocity of 

r" surface is u, then above equation becomes
\. . 

F = pA(Vo - U)2 ['I - cos e] 
(
'.. Based 0n above concept, in the below given figure, if the cart is frictionless and free to move in horizontal 
(' direction, then answer the following: \. 

m2Ao =2 x 10.... 

( Vo =10 misE?
-+ 0"" 

( 
<4

(' 

,I 

Mass =10 kg 

Given cross-section area of jet =2 x 1()-4 m2 velocity of jet Vo =10 m/sec., density of liquid 

= 1000 kg/m3 
I Mass of cart = M = 10 kg. 

(04 5•40 

C 
15.41 

C 

Initially (t =0) the force on the cart is equal to : 

(A) 20 N (8)40 N 

Velocity of cart at t =10 sec. is equal to : 

(A) 4 m/sec. (8) 6 m/sec. 

(e) 80 N 

(e) 8 m/sec. 

(15.42 In the above problem, what is the acceleration of cart at this instant

(A) 1 ,6 m/sec2 (8) 1 m/sec2 (e) 0.64 m/sec2 

(.15.43 The time at which velocity of cart becomes 2 m/sec, is equal to 

(A) 10/16 sec. (8) 2 sec. (e) 3.2 sec. 

(D) zero 

(0)5m/sec. 

(0) 0.16 m/sec2 

(0)4 sec. 

[15.44 The power supplied to the cart, when its velocity becomes 5 m/sec., is equal to:
". 

(A) 100 W (B) 25 W (C) 50W (0}200W 

( .:~••B~~erl~ns= 
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SECTION - V : MATRIX - MATCH TYPE 

15.45 A cubical box is completely filled with mass m of a liquid and is given horizantal acceleration a as shown 

. Match the force due to fluid pressurE?0l]t~~ f'!1cesofthe cube with their approprii3t~ yalues (asslJ~~ ?ero. . - - - .. - -

pressure at minimum pressure) 

L§J 
,--, 

~ F 

A : B-a 

~.L"·"·"··········H 	 '. / 

........ D 

C 


Column I Column II \ 

ma 
(A) force on face ABFE (p) 	 

2 

mg
(B) force on face BFHO 	 (q) 

2 

ma mg
(C) force on face ACGE 	 (r) +

2 2 
.., \ 

ma 
(D) force on face CGHD (s) 	 -+mg

2 

15.46 A cuboid is filled with liquid of density P2 upto height h and with liquid of density P ' also upto height h as1 

shown 	 '_J 

/ " 

Column I 	 Column \I c 
(A) 	 Force on face ABCD due to liquid of density P1 

(p) zero 


P1gh2.e

(B) Force on face ABCD due to liquid of density P2 

(q) 
~ 2 c 

(C) Force on face CDEF due to liquid of density P1 (r) 	 P1 gh2.e 

(D) 	 Force on face CDEF due to liquid of density P2 
(s) [p1gh'+ P2ih] h.e c 

/: . 
\....,..

(t) 10P19h2 .e2 

PlB!~eQtt~f.2~r~ 	 .. c 
f· ...-0:' 

r 
h 

1 
r 
h

L, v 
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.SECTION -VI: INTEGER TYPE 

15.47 	. Acube with a mass m=20g wettable by waterfleats Ofl the-·surface ofwater . .Each face .00ha .CUbe,s is. 

30 cm long. What is the distance between the lower face of the cube and the surface of the water 

(inmm.)? 

[SoT of water = 70 dyn/cm, g = 10 m/secz, assume angle of contact with water is zero} 

Ci 15.48 	 A piston of 20 cm diameter and 20 cm long moves down in a cylinder of diameter 20.0628 cm. The oil filling 

the annular space has a viscosity of 10 poise and the weight of the piston is 1 kg. If the speed is o 
)(/10 cm S-1 with which the piston slides down.then x is [g = 1000 cm/secZ] 

15.49 	 Length of horizontal arm of a uniform cross-section U-tube is 1 =21 cm and ends of both ofthe vertical arms 

are open to surrounding of pressure 10500 N/m2• A liquid of density p = 103 kg/m3 is poured into the tube 

such that liquid just fills the horizontal part of the tube. Now one of the open ends is sealed and the tube is 

then rotated about a vertical axis passing through the other vertical arm with angular velocity roo = 10 rad/sec. 

\ " 	 If length of each vertical arm be a =6 cm. Calculate the length of air column in the sealed arm in cm. 

[g=10 m/sec2j 
/" 
\. 

r
"

( 	 u) 

c 
( 
\., 

( 
\. 

C 

I 

I 


I 

_II I1-:----------- -1- - -	 - - . 

21 em 

r 

6cm 

1 


( 	 15.50 A rod 1 m long is 10 cm2 in area for a portion of its length and 5 cm2in area for the remainder. The strain 

energy of this stepped bar is 40 % of that a bar 10 cm2 in area 1 m long under the same stress in 
( 

10cm2 part. What is the length of the portion 10 cm2 in area. 

( 

( 

( 

<

.B~~eo~us~ 	 )J( 

C 

l 
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TOPIC 

16 
 ELECTROSTATICS 


SECTION -I: STRAIGHT OBJECTIVE TYPE 

161 T~e electric field inside a sphere which carries a volume charge density proportional to the distance 

from the origin p = a r (a is a constant) is : 

a r3 

(A) 4 EO 

a r2 
(B) 4 Eo 

2 
(C) a r 

3 
(0) none ofthese 

C) 

£- \ 

16.2 An infinitely long plate has surface charge density cr. As shown in the 

fig, a point charge q is moved from A to B. Net work done by electric cr ~ 
field is: 

crq , 
(A) 2 E() (x'j x2) 	 (B) 

cr 
(X2 -X1)

Eo 

crq 	 cr 
(C) E() (X2 x1) 	 (0) (2 n r + r)'t:::-. 

16.3 	 Figure shows three circular arcs, each of radius R and total charge as indicated. 
The net elecric potential at the centre of curvature is : 

Q 	 Q 
(A) 2m; R 	 (8) 41teoR

0 

2Q 	 Q
(C) .--" 

(0) rrgoR' nEaR 
/" 

16,4 	 Two concentric uniformly charged spheres of radius 10 cm & 20 cm are arranged 
as shown in the figure. Potential difference between the spheres is: 

..,(A) 4.5 x 1011 V 

(B) 2.7 x 1011 V 

(C) 0 
(0) none of these 

( , 
1.. .•

16.5 	 Figure shows a solid hemisphere with a charge of 5nC distributed uniformly throughout its volume. The 
hemisphere lies on a plane and point P is located on the plane, along a radial line from the centre of ( 

'-.> 
, 

curvature at distance 15 cm. The electric potentia! at paint P due to the hemisphere, is : 
( . 
''-.J 

~ 	 P c~'----------~""'" 
I( 15cm >1 

(A) 150 V (8) 300 V (C) 450 V (0)600 V 
(" 

16.6 	 A point charge Q is placed at a distance d from the centre of an uncharged conducting sphere of radius v 

R. The potential of the sphere is (d > R) : 

1 Q 1 Q 	 1 Q 
(0) zero(A) 41tEo '(d-R) (8) 41t EO d (C) 41t EO R 

/" .~".,/IIlII Resonance 	 •r:A1 Educating for better tomorrow 

-2Q'" ·.... 1..,..' ,",v • 
, . 

\." 
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. ,6.7 	 A dipole of dipole moment p is kept at the centre of a ring of radius R and charge Q. The dipole moment 

has direction along the axis of the ring. The resultant force on the ring due to the dipole is: 


kPQ (C) 2kPO ,', ' ' 
(A) zero (8) R3 	 R3 

(' 

kPQ 
(O) R.3 onl~ if the charge is uniformly distributed on the ring. 

06 8 A conducting disc of radius R rotates about its axis with an angular velocity ID.Then the potential . 
difference between the centre of the disc and its edge is (no magnetic field is present): 

m roR3(8) me0)2 R2 	 e (0) eme IDR2(A) zero (C) 3e( 	 2e 2· 

u
16.9 At distance' r' from a point charge, the ratio -2 (where' u . is energy density and' v' is potential).is best v 	 ' 

represented by: 

( 

i 
 t t 

( uli'1-1---- uti' uti'
" 
(' (C)(8)
\ 	

(A) (0) ~ 
r-+ 	 r -+ r -+ r -+ 

( 	16.10 A ring of radius R is placed in the plane with its centre at origin and its axis along the x-axis and having 

uniformly distributed positive charge. Aring of radius r (<< R) and coaxial with the larger ring is moving along 

the axis with constant velocity then the variation of electrical flux (~) passing through the smaller ring with 


,/ 	 Position will be best represented by: 
\. 

y 

{ 
\ 

"!-v x

( 

( 

,L 	
-"",,tl 

( (NL (8)11 A (C)4 ____ '(0) > , 

/

iz.. 	 ~ ) 

f 
\. 16.11 A negative charge Q is distributed uniformly in volume of a sphere of radius R and a point charge particle of 
(. 
'\. 

charge q (may be negative or positive) is present on the surface of this sphere then the variation of escape 
velocity (vs) of charge' q' as a function of' q' will be [ neglect gravitational interaction 1 

( 

(A) 2f q_ (8) - r q_' (C) q-' (0) J q_' 

\.., 

c' II~!~eOr;nl~r~ 	 )I( 
,'i 

http:potential).is
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1 1 1 
16.12 Electrical potentiaL' V" in space as a function of co-ordinates is given by, v = - + - + - . Then the electric 

x y z 

field intensity at (1,1, 1)is given by: 

1 (~ 	 ~ ~)
(A) - (i + } + k) (8) i + j + k (C) zero 	 (0).J3 i + j + k 

16.13 	 Four charges are rigidly fixed along the Y axis as shown. A positive 
charge approaches the system along the X axis with initial speed just :!2q 
enough to cross the origin. Then its total energy at the origin is 

1-q 	 ()(A) zero 
(8) positive 	 v Q x 
(C) negative -1I-q 
(0) data insufficient -2 2q 

16.14 	 'A dipole of dipole moment P = 21 - 3} + 4k is placed at pointA(2, -3, 1). The electric potential due to this 

dipole at the point 8 (4, - 1, 0) is equal to (All the parameters specified here are in S.1. units.) 
(A) 2 x1 09 volts (8) - 2 x1 09 volts (C) 3 x109 volts (0) - 3 x1 09 volts 

16.15 	 The figure shows a charge q placed inside a cavity in an uncharged conductor. 
Now if an'external electric field is switched on : 
(A) only induced charge on outer surface will redistribute. 
(8) only induced ,charge on inner surface will redistribute. 
(C) both induced charge on outer and inner surface will redistribute. 
(0) force on charge q placed inside the cavity will change. 

16.16 	 Two very large thin conducting plates having same cross-sectional area are placed as shown in figure. 
(

They are carrying charges 'Q' and '3Q' respectively. The variation of electric field as a function atx (for 
x =0 to x =3d) will be best represented by. 

y 

Q 3Q 

(d. 0) (2d.0) (3d.0) X 	 (" 
\. , 

tt 	 (". 

E(A)~h 
" ' 

(8) 	 I 'I \../ 

• 
( .d 	 2d 3d X- d 2d 3d X
"-/ 

ct 
EI 	 C~l 

e 
I'--<> 	 , • ~ :2d 3d x-	 2d 3d X(C) 	 (D) 
I .I 	 . 

h 	
\..J 

( .
d ",-, 

c118~~efeltt~n~~ 	 )E( 
Co 
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16.17 	 A graph of the x component of the electric field as a function of x in a region of space is shown. The Y 

and Z components of the electric field are zero in this region. If the electric potential is 10 Vat the 
origin,then'potentiat at x = ZoO mis :. 

20 ..... -------------,----- 

( 

'

E,(N/C} I 	 :, I ) x(m)" 
" 	

< 

1 
- - _1 __ 

4 5 

c 
-20 

( (A) 10 V (B) 40V (C)-10V (0) 30 V 

16.18 In the figure shown, A is a fixed charge, B (of mass m) is given a velocity V perpendicular to line AB, At 
( this moment the radius of curvature of the resultant path of B is 

A.---.J----.J~;' 
\. 	 +q +q 

(C) 41t EO r2 mv 
2 

(A) 0 (B) co (infinity) 	 (0) r 
/ 

\. 


/ 
16.19 in the figure shown, initially the spring of negligible mass is in undeformed state and the block has zero 

\. velocity E is a uniform electric field. then: (K = spring constant) 
( 

\, 

f 
\. ,~ 
( 


QE 

(i) The maximum speed of the block wil/be .JmK( 

2QE
( (ii) The maximum speed of the block wi'.' be .JmK 

C 
(iii) The maximum compression of the spring will be ~E 

C 
(' ) Th ' . . ' f h " 'II b 2QEIV e maximum compression 0 t e spnng WI e K 

( 
(A) only (i) and (iii) are correct 	 (B) only (i) and (iv) are correct 
(C) only (ii) and (iii) are correct 	 (0) only (ii) and (iv) are correct ( 

16.20 	 The grid (each square of 1 m x 1 m). represents a region in space containing a uniform electric field. If 
potentials at pOints O. A. B, C. O. E, F, G & H are respectively 0, - 1, - 2. 1, 2, 0, - 1, 1, and 0 volts, 
then find the electric field intenSity. C 

C 

C 
( 

.. 	 ; c. 	 ~ 

(A) (i + }) VIm (8) (i - ])V/m (C) (-I +]) Vim (OJ (-1 - j)Vlm 

y 

D G H 

F 

J:jX 
1m 

L 11B~~eD~l:!~r~ 	 )I( 
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16.21 	 A neutral conducting spherical shell is kept near a charge q as shown. 
The potential at point P due to the induced charges is : 

(A) kq 	 (8) kq 

r r' 


kq(C) kq _ kq 
(0) CPr , r' 

16.22 	 Two infinitely large charged planes having uniform surface charge density +0 and -cr are placed along x
y plane and yz plane respectively as s~own in the figure. Then the nature of electric lines of forces in x
z plane is given by : 

z . -cr 

+cr- X 

z z z 	 z 

(A) ««(I»») )x(8) ««(I)))) )x(C) ««I)) )oX (O) ««(I )))) )oX 

16.23 	 Two positively charged particles of charges q1 and q2 have mass m each. A uniform electric field having 
magnitude E exists in positive x direction as shown in the figure. The given two charged particles are / 

released from rest at t =0 as shown in the figure. If position of q1 at t =2 sec is given by coordinate (+2a. 0) ~- 

then the x-coordinate of q2 at t =2 sec is (neglect gravitational interaction between the particles)

r~ 

~, 

'-/ 
qz,m Lm 


')~ • 
(-a. 0) (+a.O) 

(A) q1 +q2 E 2a (8)q1+ q2 E_a (C) 2( q1 ~q2 )E-2a (0) 2( q1 ~q2 ) E-a 
m 	 m 

16.24 	 Two identical small balls each have a mass m and charge q. When placed in a hemispherical bowl of 
radius R with frictionless, non-conducting walls, the beads move and at equilibrium. the line joining the 
balls is horizontal ~nd the distance between them is R (figure). Neglect any induced charge on the 

1 

hemispherical bowl. Then the charge on each bead is: (here, K = 41t EO ) 


,, . 
R#,,#' \'~R 

() 


1/2 

f •.m(A) q == R(Kl)
112 

(8) q =(R Kmli ) (e) q=R(J3K
gr (D) q=[R J3;gr 

"-' 

8~9~~~ 	 J( :C> 

c 
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: '6.25 	 Charge Q coulombs is uniformly distributed throughout the volume of a 

solid hemisphere of radius R metres. Then the potential at centre 0 of 

the.hemispherejnvoltsjs.~ . 


1 3Q 	 1 3Q
··(A) - 

4m::o 2R 	 (8) 4m:: 4R 
{ . ° 
\ 

1 Q 1 Q 

( (C) 41ts 4R (O) 4ns 8R 


° 	 0 

('SECTION -II: MULTIPLE CORRECT ANSWER TYPE 


(16.26 	 -The'diagr'am shows part of an evacuated tube in which a stream of electrons from an electron gun 
. 	 passes between a pair of parallel large deflecting plates. The vertical displacement of the electron 

beam as it leaves the parallel plates is x. (Do not consider gravity and the electron enters the deflecting 
region parallel to the plates) , 

\. 

Deflecting voltage + 
( 	

---4--( 	 ...... Electron path 

\ 

\ 	

T""'''''''og ( , -T-
, 

( 	

L:0!tage]I· 	

I_ (V) + 

Which one of A to D below will change the displacement x of the beam as it leaves the parallel plates 
( (A) increasing the accelerating voltage 

(8) increasing the deflecting voltage 
( (C) increasing the distance between the electron gun and the deflecting plates 

(O) increasing the distance between the two deflecting plates 

( 


16.21 A particle of mass 2Kg and charge 1 mC is projected vertically with a velocity 10ms-1 _ There is a uniform 
( horizonta I electric field of 104 N/C. 

• (A) the horizontal range of the particle is 10m 
{. 
\~ 	

(8) the time of flight of the particle is 2s 
(C) the maximum height reached is 5m 
(D) the horizontal range of the particle is O. 

C 16 28 	 A wire having a uniform linear charge density A, is bent in the form of a.
ring of radius R. Point A as shown in the figure, is in the plane of the 

ring but not at the centre. Two elements of the ring of lengths a1 and a
( 2 

subtend very small same angle at the pointA. They are at distances r1 


( and r from the point A respectively. 
2 
(A) The ratio of charge of elements a and a is r,lr2•1 2 
(8) The element a produced greater magnitude of electric field atA than element a2,1 
(C) The elements a

1 
and a2 produce same potential atA. 

c (0) The direction of net electric field atA is towards element a2• 

C 16.29 	 Twoinfinite, parallel, non-conducting sheets carry equal positive charge density 0'. One is placed in 
the yz plane at x = 0 and the other at x = a. Take potential V = 0 at x = O. 

0' 
(A) For 0 s x s a, potential Vx = O. (8) For x 2: a, potential V = -(x - a)t 	 x EO 

Q' 	 Q'
'---' (C) For x 2: a, potential Vx = EO (x -a) (D) For x s 0 potential V =-x 

. x EO 

IIB~~eD~USr~ 	 )I(

L 

~ 
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('16.30 	 Two concentric rings of radii R1 =f6 m and R2 =4m are placed in y-z 

plane with their centres at origin. They have uniform charge -q and +Q 

= 2 J2 q on the inner and outer rings respectively. Consider the 
( I I ~x 

electrostatic potential to be zero at infinity. Then 
(A) 	 The electric potential is zero at origin. 
(B) 	 The electric field intensity is zero at r = 2 m. 
(C) 	 A positive charged particle disturbed from origin along 


the x-axis will restore back to origin. 

(0) 	 Where potential is maximum on the x-axis, field intensity is zero. 

()
16.31 	 In front of an earthed conductor a point charge + q is placed as shown in figure: 

(' 

•• q 

/ ' 
\ 

(A) 	 On the surface of conductor the net charge is negative. 
(B) 	 On the surface of conductor at some points charges are negative and at some points charges i 

" may be positive distributed non uniformly 
(C) 	 Inside the conductor electric field due to point charge is non zero 

( 

(0) 	 None of these 

SECTION" III : ASSERTION AND REASON TYPE 

16.32 	 Statement 1 : Electric field E at a point P is zero if potential at that point is zero. 
Statement 2 : Potential difference between two points in space is zero if electric field at all points in spa~~ 
is zero. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

16.33 	 Statement-1: For a non-uniformly charged thin circular ring with net charge zero, the electric field at 
any point on axis of the ring is zero. 
Statement-2: For a non-uniformly charged thin circular ring with net charge zero, the electric potential 
at each pOint on axis of the ring is zero, 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False c(0) Statement-1 is False, Statement-2 is True. 

16.34 	 Statement-1: A uniformly charged disc has a pin hole at its centre. The electric field at the centre of 
the disc is zero. cStatement-2 : Disc can be supposed to be made up of many rings. Also electric field at the centre of 
uniformly charged ring is zero .. c
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True. 

~~~eCl«~fo!~~ 	 • 
c 
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SECTION ~ IV : COMPREHENSION TYPE 

Comprehension # 1 

A metal ball (Neutral) with radius r is concentric with hollow metal sphere 

of radius 'R', having charge 'a' as shown in figure, Now ball isconnected 


I 
with a very long wire to earth. Then: 

16.35 	 Potential difference between sphere and metal ball, after grounding is : 

ka 	 kQr kQ[ r] kQ[ R] 
(A)R 	 (B) - R2 (C}R 1- R (0) -r 1-7 

16.36 	 After grounding : 
(A) net electric field between sphere and ball is zero. 
(B) electric field between ball and sphere is zero due to ball only. 

(C} electric field between sphere and ball due to ball is non-zero. 

(0) electric field between sphere and ball is non-zero, due to sphere 

( 
Comprehension # 2 

( .. 	 Two positive point charges A and B have charge +q and +2q; mass m and 2m respectively as shown. 
Both the charges are released from rest when they are at a distance fo apart. Neglect gravity and also 
assume the only force acting on either charge is the electrostatic force due to each other. 

A £0 B 
( 	 ) 

+q, m +2q,2m 

16.37 	 The speed of charge A at the instant separation between both charges is 2fo is : ( 

r I q2 	 ~ ~ ~ 
" (A) ~ 121tEo me (B) ve;;;me (C) v~ (0) V~ 

(, 
16.38 	 The work done by electrostatic force on charge A while the separation between both charges changes 

from fo to 2fo is.C 
q2 q2 	 q2 

(A) 121tEo .e (B) 61tEo .e (C) 41tEo€ (O) 241tEo .e 

c 
16.39 	 Total work done by electrostatic force on charge A + charge B while the separation between both 

charges changes from Co to 2eo is. 

q2 	 q2c 
(A) 12nEo e (B) 6nE e (C) 41tEo e (0) 241tEo .eo 

( 
Comprehension # 3 

A charge q is divided into three equal parts and placed symmetrically on a circle of radius r. The same 
charge is divided into four equal parts and placed symmetrically on the same circle. The electric field 
intensities at the centre of the circle in two situations are zero. 

C 16.40 The ratio of electric potentials at the centre in the .two situations is 

2 1 4 	 16 
(A) ..fi (B) 1 	 (C}"3 (0) ""9 

C. 16.41 The ;:~ltential energy of the system in first situation where the charge is divided into three equal parts is: 

'21 q2 	 13.... 1 _q2 1 
(A) 4m>o-r (B}36ne r (C) 12..fineo r (0) 12neo r 

o 

m~esonance 	 .:. ~ Educating forbelter tomorrow L 
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16.42 	 If a charge (part charge) is removed from one location in both the situations, the ratio of magnitudes of 
the electric field intensities at the centre is 

1 1 2 	 4 
(A) "2 (8) "1 (C) 3"' -(0)3"'·' 

Comprehension # 4 
JC:;l~+"""'> 

A thin ring of radius R metres is placed in x-y plane such that its centre lies on ·i't 
Iforigin. The half ring in region x< 0 carries uniform linear charge density + A CI x~~;____-+____~~ 


m and the remaining half ring in region x> 0 carries uniform linear charge den 

sitY-A C/m. \~~~ 


16.43 	 Then the electric potential (in volts) at point P whose coordinates are (Om, +~m) is ;l 

1 A 	 1 ~ 
(8) 0 	 (0) cannot be determined (A) 41U':o "2 	 (C) 4m:o 4 

16.44 	 The direction of electric field at point P whose coordinates are (Om, +~m) is 

(A) Along positiv~ x-direction 	 (8)Along negative x-direction 
(C) Along negative y-direction 	 (0) None of these 

16.45 	 The dipole moment of the ring in C-m is 
\ 
/' . 

(A) - (2nR2A) i (8) (2nR2A) i (C) - (4R2A) i (0) (4R2A) i 

SECTION - V : MATRIX - MATCH TYPE 

16.46 	 In each situation of column-I, some charge distributions are given with all details explained.The 
electrostatic potential energy and its nature is given in column -II. Then match situation in column-I 
with the corresponding results in column-II and indicate your answer by darkening appropriate bubbles 
in the 4 x 4 matrix given in the OMR. 

Column-I 

(A) A thin shell of radius a and having 
a charge - Q uniformly distributed 
over its surface as shown 

(8) A thin shell of radius 5; and having 

a charg~ - Q uniformly distributed 
over its surface and a point charge 
- Q placed at its centre as shown. 

(C) Asolid sphere of radius a and having 
a charge - Q uniformly distributed 
throughout its volume as shown. 

(0) A solid sphere of radius a and having 
a charge - Q uniformly distributed 
throughout its volume. The solid sphere 
is surrounded by a concentric thin 
uniformly char-ged spherical shell of 
radius 2a and carrying charge-Q 
as shown 

..~esonanc::erA1 Educating for better tomorrow 

-Q 

o 

-: 

5a@

"2 

.Q 


c 

( 

Column-II 
( , , " 

1 Q2 
(p) 	 an EO a in magnitude '-. / 

( 
\ 

3 Q2 
(q) 	 20n EO a in magnitude 

2 Q2 
(r) 	 5n EO a in magnitude 

( 

\../ 

(s) Positive in sign 

(t) zero 

.. 
('. 

c 

c 

V 
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SECTION - VI: INTEGER TYPE 

""" _~"-... J_';;~- :.:- •• ~.'~ 

16.47 	 A positive charge +Q is fixed at a point A. Another positively charged particle of mass m andcharge+q is 

projected from a point B with velocity u as-shown in the figure. The point B is at large distance from Aand at 

distance 'd' from the line AC. The initial veJocity.is parallel tothe line AC. The point C is at very large distance 

fromA Find the minimum distanc~ (in meter) of +q from +Q during the motion. Take Qq= 41tEo mu2d and 

c) 	 , rd (.[2 -1}meter. 

" 

U1B 
( 

d 
( 


A" - -- - - -oc
+0 - - 

( 


( 
'" 
( , 16.48 Consider a cube of side a = 0.1 m placed such that its six.,faces are given by equations x =0, x = +a, 
~ 	 , 

y = 0, y = +a, Z = 0 and Z =+a, placed in electric field given by E x2j'+ YJ N/C. Find the electric flux 

crossing out of the cube in the unit of 10-4 N m2/C. 

(, 


\ 


16.49 A solid sphere of radius 'R, has a cavity of radius ~ . The solid part has a uniform charge density 'p' and 
( 

pR( cavity has no charge. Find the electric potential at point 'A:. Xeo then x is. 

( 

C 
(" 
\. 

( 

I' 
\ , 

",{ 

( 

( 

C 

C 

( 
\.~ , 

11~~~eCl~llS! 	 )I( 
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TOPIC 

17 
 GRAVITATION 


SECTION - I : STRAIGHT OBJECTIVE TYPE 

17.1 	 A tunnel is dug along the diameter of the earth (Radius R & mass M), There is a particle of mass 'm' at 
the centre of the tunnel. The minimum velocity given to the particle so that it just reaches to the surface (') 
of the earth is : . 

{GM
(A) ~GRM (8) \f"2P: (C) ~2~M 
(D) it will reach with the help of negligible velocity. 

17.2 	 Acavity of radius R/2 is made inside a solid sphere of radius R. The centre of the cavity is located at a ", " 
\,. /distance R/2 from the centre of the sphere. The gravitational force on a particle of mass' m ' at a 

distance R/2 from the centre of the sphere on the line joining both the centres of sphere and cavity is (. ~ 

(opposite to the centre of cavity). " 
[Here g = GM/R2, where M is the mass of the sphere without cavity] , ! '-, 

3 mg 	 mg(A) mg 	 {8}. -8 (C) 16 (D) none of these 
2. 

17.3 	 A satellite is launched in the equatorial plane in such a way that it can transmit signals upto 600 

latitude on the earth. The angular velocity of the satellite is : ,t' 

\~ " 

{GM 	 (GM JGM (D) ~3J3GM(A) V8R3 (8) V2R3 (C) 4R 3 	 8R 3 

....., --~ 

17.4 	 A satellite is seen after each 8 hours over equator at a place on the earth when its sense of rotation is 
opposite to the earth. The time interval after which it can be seen at the same place when the sense of 
rotation of earth & satellite is same will be : 
(A) 8 hours (8) 12 hours (C) 24 hours (D) 6 hours 

17.5 	 Four similar particles of mass m are orbiting in a circle of radius r in the same angular direction 
because of their mutual graVitational attractive force. Velocity of a particle is given by 

m m 

m 

(A) [Grm(1+!F2)t (8) ~Grm (C) JGrm (1 +2.J2) (D) [f Gt+2F2)t ( , 
~../r

17.6 	 The gravitational potential of two homogeneous spherical shells A and 8 of same surface density at their 
respective centres are in the ratio 3 : 4. If the two shells coalesce into single one such that surface density 
remains same, then the ratio of potential at an internal point of the new shell to shell A is equal to : 

('(A) 3: 2 (8) 4 : 3 (C) 5 : 3 (D) 5 : 6 
~: 

ItlI Resonance 	 :.: 
~ Educating for better tomorrow 
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17.7 A point P lies on the axis of a fixed ring of mass M and radius R, at a distance 2R from its centreO. A 

c- small particle starts from P and reaches 0 under gravitational attraction only. Its speed at 0 will be 

2GM 1 
(A) zero (8} J2'~M" (C) ~2~M(J5 -1) (O} JR (1- J5) 

17.8 Gravitational field at the centre of a semicircle formed by a thin wire A8 of mass m and length f. is: 

(, , ~y 

~ .......• 

A 0 8 x 

Gm Gm 
(A) £2 along +x axis (8) -[2 along +y axis 

it 

! 


21tGm 2n:Gm 
(C) -.-2- along + x axis (0) -"2- along +y axis

( 

17.9 The percentage change in the acceleration of the earth toward s the sun from a total eclipse of the sun ( 
to the point where the moon is on a side of earth directly opposite to the sun is 

/

'\ 
Ms 2x100 MS '(2J2 x100 (C) 2(!LJ2 Ms x 1 00 (0) (!L)2 Mm x100

(A) Mm r (8) Mm r
1 1 r2 Mm r2 Ms 

Ms = mass of the sun, MM = mass of the moon, r1 =earth sun distance, r = earth moon distance.( 2 

/. 17.10 A particle of mass M is at a distance 'a' from surface ofa thin same spherical shell of uniform equal mass and 
\. having radius a. 

M 

• 
( 

( G)~ M 

\. ~ 

(, (A) Gravitational field & potential both are zero at centre of the shell 
(8) Gravitational field is zero not only inside the shell but at a point outside the shell also 
(C) Inside the shell, gravitational field alone is zero 
(0) Neither gravitational,field nor gravitational potential is zero inside the shell. 

17.11 A small area is removed from a uniform spherical shell of mass M and radius R. Then the g~avitational field 
( intensity near the hollow portion is : 

GM GM 3GM 
(0) Zero(A) R2 (8) 2R2 (C) 2R2 

17.12 A uniform thin rod of mass m and length R is placed normally on surface of earth as shown. The mass of 
( . earth is M and its radius is R. Then the magnitude of gravitational force exerted by earth on the rod is 

c 
R c m 

c 
GMm GMm 4GMm GMm( 

(A) 2R2 (8) 4R2 (C) 9R2 (0) 8R2 

Resonance .: ':
Educating for belter tomorrowc 
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17.13 	 Two particles of combined mass M, placed in space with certain separation, are released~ Interaction between 
the particles is only of gravitational nature and there is no external force present. Acceleration of one particle 
with respect to the other whe~ separation between them is R, has a. magnitude: 

GM 	 GM 
(A) 2R2 	 (B) R2 

2GM 
(C)R2 	 (D) not possible'to calculate due to lack of information 

(',)17,14 	 Maximum height reached by a rocket fired with a speed equal to 50% of the escape velocity from earth's 
surface is: 

.\~, 
(A) Rl2 (8) 16R/9 (C) R/3 	 (D) R/8 

SECTION II : MULTIPLE CORRECT ANSWER TYPE u 

17.15 	 A double star is a system of two stars of masses m and 2m, rotating about their centre of mass only 
under their mutual gravitational attraction. If r is the separation between these two stars then their time 
period of rotation about their centre of mass will be proportional to 
(A) ~ (B) r 	 (C) m112 (D) m-112 

17.16 	 A satellite revolves around a planet in circular orbit of radius R (much lar:ger than the radius of the planet) with , / 

a time period of revolution T. If the satellite is stopped and then released in its orbit (Assume that the satellite 
experiences gravitational force due to the planet only). 
(A) It will fall on the planet 

(8) The time of fall of the satellite is nearly T 

r;:;. 
(e) The time of fall of the satellite on the planet is nearly v!T 

\" .'(D) It cannot fall on the planet so time of fall of the satellite is meaningless 

l' 
'--../SECTION - III : ASSERTION AND REASON TYPE 

17.11 	 Statement-1: In free space a uniform spherical planet of mass M has a smooth narrow tunnel along its 
diameter. This planet and another superdense small particle of mass M start approaching towards each 
other from rest under action of their gravitational forces. When the particle passes through the centre of the 
planet, sum of kinetic energies of both the bodies is maximum. 

"-_./~ M 	
{ " 

-~---------. 	 f ' 
<------' 

f '. 
~J 

/~ '\ 

Statement-2 : When the resultant of all forces acting on a particle or a particle like object (initially at rest) 
, 
V 

is constant in direction, the kinetic energy of the particle keeps on increasing. f' " 

v 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 c 
(C) Statement~1 is True, Statement-2 is False 

L(D) Statement-1 is False, Statement-2 is True 

r 
.\.~

.e!~En~nS! 	 )I( 
/ . 
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SECTION. IV : COM PREHENSION TYPE 

Comprehension 
Changing from a circular to An elliptical orbit 
Let us identify the system as the spacecraft and the Earth but not the portion of the fuel in the spacecraft 

that we use to change the orbit. In a given orbit, the mechanical energy of the spacecraft - Earth 

GMm 

system is given by E = - '2r ' 


() 	 This energy includes the kinetic energy of the spacecraft and the potential energy associated with the 

gravitational force between the spacecraft and the Earth. If the rocket engines are fired, the thrust force 

moves the spacecraft through a displacement. As a result, the mechanical energy of the spacecraft 

/' 	 Earth system increases. 
t 

The spacecraft has a new higher energy but is constrained to be in an ~" .. '" ............. ,. 
.... .... Ellipticalorbit that includes the original starting point. It can not be in a higher .' Circular y orbit 

energy circular orbit having a larger radius because this orbit would not : orbit . 
.J,contain the starting point. The only possibility is that the orbit is elliptical 

as shown in the figure. [/··g··········\i 
\: Earth :: 

~.. ,. 
..~ HIGMm ,., ~. 

( E =- 2a ---_-4':~ocket engine 

IS fired here 


17.18 	 If the spacecraft-earth system had initial energy ( - Eo), then the total mechanical energy of the system 

after firing the rocket will be : 

1" , 	
(A) - 1.1 Eo (8) - 0.9 (C) - Eo (0) None of these . 

17.19 	 Semimajor axis of the new elliptical orbit is r
6.4x104 7.1x104 6.1x104 K (A) 6.7x104 Km,.-	 (8) 9 Km (C) 9 km (D) _ m 

\ 	 9 

( 17.20 	 Maximum height of the spacecraft above the surface of the Earth will be : 

C 1.06x104 0.61x 104 k 	 1.61x104 k 
(A) 9 km. (8) 9 m (C) 300 km (0) 9 m 

( 

( 
\., SECTION - V : MATRIX - MATCH TYPE 

( 17.21 	 A satellite is revolving around the earth in a circular orbit of radius 'a' with velocity va. A particle is 

projected from the sateliite in forward direction with retative velocity v = [~ -1] v, . D uri ng subsequent 

c motion of particle, match the following: 
Column-I Column-IIc 

3GMem
(A) 	 Total energy of particle (p)c 	 a 

( 5 GMem
(8) 	 Minimum distance of particle from the earth (q) -8-a

(C) Maximum distance of particle from the earth (r) 5a/3 
( (s) 2a/3 

(t) 	 a 

11B!~efeltt~USr~ 	 )I(L 
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17.22 	 Let V and E denote the gravitational potential and gravitational field respectively at a point due to 

certain uniform mass distribution described in four different situations of column-I. Assume the 

gravitational potential at infinity to be zero. The value of E and V are given in column-II. Match the 

statement in column-I with results in column-II. 

Column-I 

(A) At centre of thin spherical shell 

(8) At centre of solid sphere 

(C) A solid sphere has a non-concentric spherical 

cavity. At the centre of the spherical cavity 

(D) At centre of line joining two point masses of 

equal magnitude 

SECTION - VI : INTEGER TYPE 

Column-II 

(p) 	 E::::O 
\ -

(q) 	 E¢O 

(r) 	 V¢O 

(s) 	 V=O 

17.23 	 Ravi can throw a ball at a speed on earth which can cro,ss a river of width 10 m. Ravi reaches on an 
imaginary planet whose mean density is twice of the earth. if maximum possible radius of planet so 
that if Ravi throws the ball at same speed it may escape from planetis x km. then x is. (Given radius ( 

of earth:::: 6.4 )( 106 m.) 

(- , 
I,17.24 	 The gravitational field in a region is given by E (3i - 4J) N/kg. Find out the work done (in joule) in displaCing 

a particle by 1 m along the line 4y :::: 3x + 9. 

17.25 	 A particle is projected from pointA, that is at a distance 4R from the centre of the earth, with speed V1 

in a direction making 30° with the line joining the centre of the earth and pOintA, as shown in the figure. 
(- 

Find the speed V1 if particle passes grazing the surface of the earth. Consider gravitational interaction 

7' 
only between these two. (use GRM :::: 6.4 x 107 m2/s2) Express your answer in the form of 'lj 

~ km/sec·1 and fill value of X. 

(~~1. 
, ~-	 •. 	 .. ' 

A 
'--

4R:. 

... r, 

c 
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TOPIC 

1 
 CURRENT·· ELECTRICITY 


( . SECTION - I : STRAIGHT OBJECTIVE TYPE 


18.1 	 In the circuit shown, each resistances is 2 O. The potential V1 as 
indicated in the circuit, is equal to 
(A) 11 V 

{B)-11V 
 1v -,2'1
(C) 9 V 
(0) - 9 V 	 v~ 

18.2 In the circuit shown, the value of R in ohm that will result in no current 


I 
through the 30 V battery, is : 


,-. (A) 100 30V R 
r 	 (B) 25 0 
\ 	 (C) 30 0 

I 	 (D) 40 0 
\ 	 100 

! 18.3 	 The maximum current in a galvanometer can be 10 rnA. It's resistance is 1'00. To convert it into an 
ammeter of 1 Amp. a resistor should be connected in. 

(A) series, 0.10 (8) parallel, 0.10 (C) series, 1000 (0) parallel, 1000. 

,.. 18.4 When a galvanometer is shunted with a 40 resistance, the deflection is reduced to one - fifth. If the 
galvanometer is further shunted with a 20 wire, the further reduction (find the ratio of decrease in 

( 
\. 

current to the previous current) in the deflection will be (the main current remains the same). 
(A) (8/13) of the deflection when shunted with 40 only 

( 
\. 

(8) (5/13) of the deflection when shunted with 40 only 
(C) (3/4) of the deflection when shunted with 40 only 

r 
\. 	 (D) (3/13) of the deflection when shunted with 40 only 

50V 

( 113.5 In the figure shown the current flowing through 2 R is : 

'-. (A) from left to right 
 A 

(B) from right to left( 
(C) no current 
(0) None ofthese 

f 18.6 In a practical wheat stone bridge circuit as shown, when one 
" 

more resistance of 100 n is connected is parallel with unknown 


( resistance 'x', then ratio flf!.z become '2 '. £1 is balance length. 

~copperAB is a uniform wire. Then value of' x' must be: t , -~ 

( (A) 50 Q ~E r 
(B) 100 n 
(C) 200 n 
(D) 400 Q 

c 1S.7 A battery of internal resistance 2 Q is connected to a variable resistor whose value can vary from 4 Q to 

10 Q. The resistance is initially set at 4 n. If the resistance is now increased then : 

(A) power consumed by it will decrease 
(8) power consumed by it will increase 

( 
(C) power consumed by it may increase or may decrease 
(0) power consumed will first increase then decrease. 

B 

B!~5?Ct~nS:r! 	 )I( c 
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18.8 	 A cell of emf E having an internal resistance' r' is connected to an 
external resistance R. The potential difference I V' across the resistance 
R varies with R as shown by the curve: 
(A)A 
(8) 8 
(C)C 
(0) 0 

18.9 	 ' n' identical light bulbs, each designed to draw P power from a certain voltage supply are joined in 
series and that combination is connected across that supply: The power consumed by one bulb will be
(A) n P (8) P (C) PIn (0) P/n2 	 ('\ 

18.10 	 To get maximum current through a resistance of 2.5 n, one can use' m' rows of cells, each row having 

'n' cells. The internal resistance of each cell is 0.5 n. What are the values of n & m, if the total number 
of cells is 45. 
(A) 3, 15 (8) 5, 9 	 (C) 9, 5 (0) 15, 3 

18.11 	 Two circular rings of identical radii and resistance of 360 each are placed in such a way that they cross each 
other's centre C1 and C2 as shown in figure. Conducting joints are made at intersection points A and 8 of the 
rings. An ideal cell of emf 20 volts is connected across A8. The power delivered by cell is 

" , 

(J\:\.A, C 

~ 
B 

(A) 80 watt (8) 100 watt (C) 120 watt (0) 200 watt 

, ' 18.12 	 Circuit for the measurement of resistance by potentiometer is \ 

shown. The galvanometer is first connected at point A and zero 
deflection is observed at length PJ = 10 cm. In second case it is 
connect at point C and zero deflection is observed at a length 30 
cm from P. Then the unknown resistance X is 

(A) 2R 

(8) R 
2 

R 

pi II . 'Q 

\1\,..-----, C 

R x 

(C) 3 

(0) 3R 	 '" 

18.13 	 Two long coaxial and conducting cylinders of radius a and b are separated by a material of conductivity cr and 
a constant potential difference V is maintained between them, by a battery. Then the current, per unit length 
of the cylinder flowing from one cylinder the other is : 

4ncr V 4ncr V 	 2ncr V 2ncr V 
(A) £n(b/a) (8) (b+a) (C) In(b/a) (0) (b+a) 

c 
8.14 	 50 V battery is supplying current of 10 amp when connected to a resistor. If the efficiency of battery at 

this current is 25%. Then internal resistance of battery is : 
(A) 2.5 0 (8) 3.750 (C) 1.250 (0) 5 n 

18.15 	 A battery is supplying power to a tape-recorder by cable of resistance of 0.02 n. If the battery is 
r .generating 50 W power at 5V, then power received by tape-recorder is: (neglect internal resistance of 
\...,. 

battery) 
(A) 50 W (8) 45 W (C) 30 W (0) 48 W 

118~~9a~~S! 	 )I( :'{ ~.:-. 
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: .8.16 	 In the shown wire frame, each side of a square (the smallest square) has 

a resistance R. The equivalent resistance of the circuit between the points 

A and 8 is: .A 
 B 
(A)R 	 (8)2R 
(C)4R 	 (0) 8R 

9 

8.17 A spherical shell, made of material of electrical conductivity 10 (Q-mt1, has 

( 'It 


thickness t = 2 mm and radius r = 10 cm. In an arrangement, its inside 

surface is kept at a lower potential than its outside surface.
() 
The resistance offered by the shell is equal to
(A) 51t x 10-12 Q 	 (8) 2.5 x 10-11 Q 
(C) 5 X 10-12 n 	 (0) 5 X 10-11 Q 

18.18 Two cylindrical rods of uniform cross-section area Aand 2A, having free electrons per unit volume 2n and n 
\ 
/ 

respectively are joined in series. Acurrent I flows through them in steady state. Then the ratio of driftvelocity 

( 
of free electron in left rod to drift velocity of electron in the right rod is ( ~~) is : 

( 

C 
\ 

( 
\ 	

(A) 2'
1 

(8) 1 (C)2 (0}4 

( 18.19 	 A charge passing through a resistor is varying with time as shown in the figure. The amount of heat 
generated in time' t· is best represented (as a function of time) by: 

,.f 

( 

7~,._ ,_ 
( ..J~~~~t 
(" 

\.. H


H I( 	 II 

(A) HL , 	 (o)Hbi,
( 	 (8) (C)bt", '.~c 2:,.'W 

1sec 2sec
1sec 

(. 18.20 	 Two cylindrical rods of same cross-section area and same length are c~>nnected in series to an ideal cell as 
shown. The resistivity of left rod is p and that of right rod is 2p. Then the variation of potential at any point P( 

distant x from left end of combined rod system is given by. 


C 

{. 
\... 

! (A)'~, (8) '~, (C) '~x (0) l~~,\.... 

1I~!~9a~U~r! 	 )I( 
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18.21 	 A copper sphere of 10cm diameter is lowered into a water filled hemispherical copperyessel of 20 cm 
diameter so that the sphere and the vessel becomes concentric. Electrical conductivity of water is cr = 10-3 

~, 

(0 - m)-1. The electrical resistance betwe~n the sphere and the vessel is : "'~ 
(A) 1591.60 (8)14500' ,(C) 1682:4-n (0)1489.60 

18.22 	 In the shown circuit the resistance R can be varied: 

r 

()EI tE 
r 

JE ,/ '. 

The variation of current through R against R is correctly plotted as : 

,"" , 

( , 
\ / 

(8) (C) 	 (0)(A) 
r ' \ / 

'''''''- • R '-------.~R '-----~..,. R v ~ R 

18.23 	 A cylindrical solid of length L and radius a is having varying resistivity given by P =Pox where Po is a positive r' 
constant and x is measured from left end of solid. The cell shown in the figure is having emf V and negligible 
internal resistance. The electric field as a function of x is best described by: ,. 

\, 

p =PoX 
('
" -' 

,
( 

j 

r'
\..,j 

,'-',
"-.j 

2V2V 	 v 
(A) ~2~ 	x x (8) -L2 x x (C) "'2 x x (0) None of these 

L Po L 	 c 
SECTION -II: MULTIPLE CORRECT ANSWER TYPE 	 c 
18.24 	 Two cells of unequal emfs E1 and E2 and internal resistances r1 and r2are joined as shown in figure. Vp c 

and V Q are the potential at P and Q respectively. 

f"
GpC]o 	 c 

c 
E2,r2 c 

(A) The potential difference across both the cells will be equal 
(8) One of the cell, will supply energy to the other cell. c 
(C) The potential difference across one of the cells will be greater than its emf. 

(- ....... 


\".,,1Eh +E2r1 

(0) Vp -	 VQ = r + r /1 2 .~/ 

( , 
~' 

• B~~efe1tt~U~r~ 	 )( 
":() 

14 

,~"~,~,-.

x ~ 

v 

http:0)1489.60


£<.) PhysiCS (;Q_~_~.~,~,_"••• w n_·~=_.c",,"~_~~_'._,,_.~_. '-£<.) JEE (Advanced).RRB (;Q 

,'l8.25 In the circuit shown in the figure 	 A 

(A) ,power supplied by the battery is 200 watt 
(B) current flowing in the circuit is 5 A 
(C), potential difference across 4 Q resistance is B 


equal to the potential difference across 6n resistance 

(0) current in wire AB is zero 	 20 20V 

" In the figure a conductor of no~-uniform cross·section is shown. A steady current I flows in it.,,)18.26 

( 

\. 


,
\ 

(A) The electric field atA is more than at B. 
(' 

\ 
(8) The electric field at B is more than at A 
(C) The thermal power generated at A is more than at B in an element of small same width. 

( 
\, 	

(0) The thermal power generated at B is more than atA in an element of small same width. 

18.27 In the figure shown: (All batteries are ideal)
( 	 -L10V :::L 5V ::L.20V:::L 30Vl

(A) current through 25 V cell is 20 A 
(B) current through 25 V celt is 12.5 A ( 
(C) power supplied by 20 V cell is 20 W fg ~ ~ ~r
(0) power supplied by 20 V cell is 20 W 

/ 
18.28 Consider a resistor of uniform cross sectional area connected to a battery of zero internal resistance. 


\. If the length of the resistor is doubled by stretching it then 

(' (A) current will become four times. 

\ (B) the electric field in the wire will become half. 

( (C) the thermal power produced by the resistor will become one fourth. 

\, 

(0) the product of the current density and conductance will become half. 


e 18.29 	 A variable currentflows through a 1 Q resistorfor 2 seconds. Time dependence I(A) 
of the current is shown in the graph. 

\" " 
(A) Total charge flown through the resistor is 10 C.

( 
(B) Average current through the resistor is 5A. 
(C) Total heat produced in the resistor is 50 J.( 
(0) Maximum power during the flow of current is 100 W. 

,
\. 

' 

18.30 A conductor of truncated conical (frustum) is connected to a battery of emf e as shown in the figure. ',~' 

( 

( 

(;
'-, 

E 

B 

2 t(s) 

( 
If at a section distant x from left end, electric field intensity, potential and rate of generation of heat per unit 
length are E, V and H respectively, then which of the following graph(s} is/are correct ? 

( 	 +H .. V tE 

(C) ! / (0)
/ 	 IBlLxIAl~x'\.. 

IE )oE I,...,...... )OX 
( 

( 
'L 

• B~~e!:l~!J!;;'! 	 )I( 
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18.31 	 A8 is part of a circuit as shown, that absorbs energy at a rate of 50 W, E is an emf device that has no 
internal resistance. 

i =1A .....--__--, 
.f\NI.tv--,'A 8 
2.0Q E 

(A) Potential difference across A8 is 48 V. 
(8) Emf of the device is 48 V. 
(C) Point 8 is connected to the positive terminal of E. 
(D) Rate of conversion from electrical to chemical energy is 48 W in device E 

18.32 	 The galvanometer shown in the figure has resistance 1 on .It is shunted by a series combination of a 
resistance S =1n and an ideal cell of emf 2V. A current 2A passes as shown. 

G= 10n2A 
;. 

r;ll 
(A) The reading of the galvanometer is 1A 
(8) The reading of the galvanometer is zero 
(C) The potential difference across the resistance S is 1.5 V 
(D) The potential difference across the resistance S is 2 V 

SECTION - III : ASSERTION AND REASON TYPE 

18.33 	 Statement-1: When an external resistor of resistance R (connected across a cell of internal resistance r) is 
varied, power consumed by resistance R is maximum when R = r. 
Statement-2 : Power consumed by a resistor of constant resistance R is maximum when current through it 
is maximum. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

18.34 	 Statement -1 : The current density Jat any point in ohmic resistor is in direction of electric field Eat that point. 
Statement - 2 : A point charge when released from rest in a region having only electrostatic field always 
moves along electric lines of force. 
(A) Statement-1 is True~ Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 

18.35 	 Statement-1: A wire of uniform cross section and uniform resitivity is connected across an ideal cell. Now 
the length of the wire is doubled keeping volume of wire constant. The drift velocity of electrons after 
stretching the wire becomes one fourth of what it was before stretching the wire. 
Statement-2 : If a wire ( of uniform resitivity and uniform cross-section) of length to is stretched to length 
neal then its resistance becomes n2 times of what it was before stretching the wire( the volume of wire is 
kept constant in stretching process). Further at constant potential difference, current is inversely proportional 
to resistance. Finally drift velocity of free electron is directly proportional to current and inversely proportional 
to cross section area of current carrying wire .. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 

IIl1II ~esonance 	 ..rA1 Educating for better tomorrow 
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, 18.36 	 Statement-1 : In the circuit shown both cells are ideal and. of fixed emf, 
the resistor of resistance Rl has fixed resistance and the resistance of 
resistor R2 can'be varied( but Rils'alwaysnon~zero}; Then the electric 
power delivered to resistor of resistance Rl is independent of value of t>ftE 

;resistance R2• 

Statement-2: If potential difference across a fixed resistance is unchanged. the power delivered to the 
resistor remains constant. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.( 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

18.37 	 Statement-1 : The powerdelivered toa light bulb is more just after it is switched ON and the glow of the filament 
is increasing, as compared to when the bulb is glowing steadily, i.e., after some time of switching ON. 
Statement-2 : As temperature increases, resistance of conductor increases. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-'J is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 " (C) Statement-1 is True, Statement-2 is False 


( (D) Statement-1 is False, Statement-2 is True. 


( . 18.38 Statement-1 : For calculation of current in resistors of resistance R1• R2 and R3 in the circuit shown in 
\. figure 1, the circuit can be redrawn as shown in figure 2 (this means that circuit shown in figure 2 is 
( equivalent to circuit shown in figure 1). All the cells shown are ideal and identical. 
\ 

( 

( 	
E R3 E 

\ ED
I 
\. 

(fig. 1 ) 

(fig.2) 


( Statement-2 : Whenever potential difference across two resistors is same, both resistors can be assumed 
as a combination of two resistors in parallel. 

( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

( (C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

( . SECTION - IV : COMPREHENSION TYPE 

(. Comprehension # 1 

( Resistance value of an unknown resistor is calculated using the formula R;:;;; ~ where V and I be the 

( readings of the voltmeter and the ammeter respectively. Consider the circuits below. The internal 
resistances of the voltmeter and the ammeter (Rv and RG respectb/ely) are finite and non zero. 

( 

( 

C 

C E.~ L..;..... EI~ 
r. r

C 	 FIgure (A) Figure (8) 

Rj R2 

R3 

E 

Let RA and Rs be the calculated values in the two cases A and 8 respectively . 

• B~~9[l~nS~ 	 )I( 
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18.39 	 The relation between RA and the actual value R is 

(A) R > RA 	 (8) R < RA 

(C) R = RA 	 (0) dependent uponE and r, 

18.40 	 The relation between Re and the actual value R is: 

(A) R < RB 	 (8) R > RB 

(C) R =Re 	 (O) dependent upon E and r. 

18.41 	 If the resistance of voltmeter is Rv = 1 k 0 and that of ammeter is RG =1 0, the magnitude of the 

percentage error in the measurement of R (the value of R is nearly 100) is : 

(A) zero in both cases 	 (8) non zero but equal in both cases 

(C) more in circuit A 	 (0) more in circuit 8 

Comprehension # 2 

In the arrangement shown in the figure when the switch S2 is open, the galvanometer shows no deflection for 
~, 

I! =1I2. When the switch S2 is closed, the galvanometer shows no deflection for I! = 125 
L. The internal 

resistance (r) of 6 V cell, and the emf E of the other battery are respectively. Wire A8 is potentiometer wire 

and resistance of other conducting wires is negligible. (Internal resistance of cell E is negligible) 

100 

r-VWVV' 
6V 

AI y ~ 

t ~~ 
E "

( , 

~ 

18.42 	 Calculate emf of cell E: 

(A) 6 V 	 (8) 5 V (C) 12 V (0) 10 V 
( , 

18.43 	 Calculate the internal resistance 'r' : " ." 

(A) 1 Q 	 (8) 2 Q (C) 3Q (O) zero 

18.44 	 Ifthe current in 8 Q resistance is 2A then the current through resistance 'R' (in ampere) would be: 
(~ . 
,--". 

4.0 

80 
-I 

...:::r:.... 

(A) 6 	 (8) 7 {C)8 (0)9 

-Resonance 	 )II(fA1 Educating for better tomorrow 
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/ ':omprehension # 3 
I n the circuit shown, the resistances are given in ohms and the battery is assumed ideal with emf equal 
to 3.0 volts. 

50n 

R, 
R, '$-C 

\," R4~g 

3.0V- R2~50n 

3Dn 

(18.45 	 The resistor that dissipates maximum power. 
(A) R1 (8) R2 (C) R4 (D) Rs 


" 
, 18.46 The potential difference across resistor R3 is 

f (A} 0.4 V (8) 0.6 V (C) 1.2 V (D) 1.5 V 


" 18.47 The current passing through 3V battery is r 
\. (A) 10mA (8) 30 mA (C) 40 mA (D) 60 mA 


(SECTION - V : MATRIX - MATCH TYPE 


( 	 18.48 Column I gives physical quantities of a situation in which a current i passes through two rods I and II of equal 
length that are joined in series. The ratio of free electron density (n), resistivity (p) and cross-section area (A) 

( 	 of both are in ratio n1: n2 ;:;: 2 : 1, P1 : P2 ;:;: 2: 1 and A1 :~ ;:;: 1 : 2respectively. Column II gives corresponding 
results. Match the ratios in Column I with the values in Column II. 

~ 
f' ,-,,:~.~ 

\ 
A 8 C 

f 

'''" Column I Column II 
( 
\, Drift of free electron in rod I 

(A) 	 (p) 0.5Drift velocity of free electron in rod II 
C 

Electric field in rod I 
( 	 (8) (q)

Electric field in rod II 

C Potential difference across rod I 
(C) 	 - (r) 2

Potential difference across rod II 
( 
\. 

Average time taken by free electron to move from A to 8 
(D) 	 (s) 4( Average time taken by free electron to move from 8 to C 

( 18.49 In the circuit shown, battery, ammeter and voltmeter are ideal and the switch S is initially closed as 
shown. When switch S is opened, match the parameter of column I with the effects in column rt. 

( 
R 

s 

Column I 	 Column II 
(A) Equivalent resistance across the battery 	 (p) Remains same 
(8) Power dissipated by left resistance R 	 (q) Increases 
(C) Voltmeter reading 	 (r) decreases 

(D) Ammeter reading 	 (s) Becomes zero. 

IJltI Resonance 	 .:c rA1 Educating for better tomorrow 
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1B.'50 	 Consider the Circuit shown. The resistance connected between the junction 
A and B is 60 n including the resistance of the galvanometer. The switches 
have no resistance when shorted and infinite resistance when opened. All 
the switches are initially open and they are closed as given in column I. 
Match the condition if! column I with the direction of current through 
galvanometer and the value of the current through the battery in column II. 

Column I 	 Column II 
(A) Only switch 8

1 
is closed 	 (p) Current from A to 8 

180\1 .
(8) Only switch 8 2 is closed 	 (q) Currentfrom B toA 
(C) Only switch 8 3 is closed 	 (r) Current through the battery is 12.0A 
(D) Only switch 8 4 is closed 	 (s) Current through the battery is 15.6 A 

(t) Current through the Galvanometer is 1.2A 

SECTION - VI : INTEGER TYPE 

18.51 	 Find current in the branch CD of the circuit (in ampere). 

B2aT,:v2Q 
2,Q

AI ~ 	 C 
3,Q
AhA- I 

C 

! 
30V 

18.52 	 The circuit shown in the figure contains three resistors R1 =100n, R2 = SOQ & R3 =20 Q and cells of 
emf's E1 = 2V & Ez. The ammeter indicates a current of 50mA. Determine the current(mA) in the resistor 
Rz : 

18.53 	 All batteries are having emf 10 volt and internal resistance negligible. All resistors are in ohms. Calculate 
the current in the right most 2Q resistor. 

18.54 	 In the circuit diagram shown if the current through the 1 Q resistor is ~ A then x is. 

1B.55 	 The efficiency of a cell when connected to a resistance R is 60%. What will be its efficiency (in%) if the 
external resistance is increased to six times. 

18.56 	 Figure shows a cell in which unit positive charge experience a constant non electric force of 10N and 
a constant electric force of 8N in directions shown in the figure. Find the emf of the cell, difference 
across the cell (in volt) 

_O.1m_ 
I j 

1A 1A 
~ 

Cell 

1B.57 Consider the potentiometer circuit arranged as in figure. The potentiometer wireAB 
is300cmlong.lfthejockeytouchesthewireatadistanceof275cmfrom A, then At 

(~~) current flow through galvanomererfind valueofN. E/~ 
18.58 	 In the circuit shown all five resistors have the same value 200 ohms and each ~~A 

cell has an emf 3 volts~ if the open circuit voltage is 1~ volt then x is. 'L DB 

a~e~~~ 	 )( 
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TOPIC 

19 
 CAPACITANCE 


SECTION - I : STRAIGHT OBJECTIVE TYPE 

19.1 In the figure shown the plates of a parallel plate capacitor have unequal charges. Its 2Q -Q 
capacitance is 'C'. P is a point outside the capacitor and close to the plate of charge,
Q. The distance between the plates is 'd', select incorrect alternative: 

.p(A) A point charge at point 'P' will experience electric force due to capacitor 

(B) The potential difference between the plates will be ~~ 

( (C) The energy stored in the electric field in the region between the plates is 98~2 
( 	 Q2 
\. 

(D) The force on one plate due to the other plate is 2 d2 

1t EO 


t 
\ 

19.2 In the figure shown the equivalent capacitance between 'A' and 'B' is : 
3~~ .(A) 3.75 F 	 ~·~6F 

(B) 2 F 1F..l y~B(C) 21 F 
(D) 16 F 

( 

" 
 ~~ 

19.3 The equivalent capacitance between x &y is : 	 A 2F 

( 

( 	

~~T!~~\. 	

x ][1~F 1l2~FI 
( 

5 	 7 8( 
(A)6" JlF (B) 6" ~LF (C) 3" JlF (D)1JlF 

( 	 t
19.4 In the figure initial status of capacitance and their connection is shown. Which of the following 

r: is incorrect about this circuit: 
'

( 	 + 15V- + 10V

( 	 rlh rlh 
2~F 	 3flF ~~ , 

\. 	 (A) Final charge on each capacitor will be zero 
(8) Final total electrical energy of the capacitors will be zero 

( (C) Total charge flown from A to D is 30J,JC 

(D) Total charge flown from A to D is - 30J,JC
( 

19.5 A parallel plate capacitor of capacitance C (without dielectrics) is 
( 	 filled by dielectric slabs as shown in the figure. Then the new 

capacitance of the capacitor is: 
(A) 3.9 C (8) 4 C 

(. 
(C) 2.4 C (D) 3C 

'-.. 

( 

_ d 

:;>;;>;>:0>:..1 

mS,~~eoe!2S~ 	 )I( 
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19.6 	 'A capacitor (without dielectric) is ,discharging through a resistor. At some instant a dielectric is 
inserted between the plates, then 
(A) Just after the insertion of the dielectric, current will increase. 


,. (BfJust after theinsertion of the dielectric: charge on capacit~r ""ill increase. 

(C) Just after the insertion of the dielectric, energy stored in the capacitor will increase. 
(D) after the insertion of the dielectric, time constant will increase 

19.7 	 In the circuit shown, switch S2 is closed first and is kept closed for a 
long time. Now Sl is closed. Just after that instant the current through s.s, -~-n-rl 
S1 is: 	 ~ , _~ R. 

E C

8 
(A) .£ towards right 	 (8) towards left T T T& 

RI 	 RI 

28 
(C) zero 	 (0)

RI 

19.8 	 Each resistor in the following circuit has a resistance of 2Mn and 
the capacitors have capacitances of 1J.LF. The battery voltage is 3V. 
The voltage across the resistor 'A' in the following circuit in steady 
state is : 
(A) 0 V 	 (8) 0.5 V 
(C) 0.75 V 	 (0) 1.5 V 

/ . 
19.9 	 An uncharged capacitor is connected in series with a resistor and a battery. The charging of the 

capacitor starts at t = O. The rate at which energy in capacitor is stored: 
(A) first increases then decreases (8) first decreases then increases 

, J 

" / 

(C) remains constant 	 (0) continuously decreases 

19.10 	 The key K (figure) is connected in turn to each of the contacts over 
short identical time intervals so that the change in the charge on the 
capacitor over each connection is small. The final charge qr on the 
capacitor is : 

(E1 E2) C 
(A) (8) E1+E2R1 +R2 

C(C) . " ~ ~. (0) none of these 

19.11 	 Initially switch S is connected to position 1 fora long time. The net amount 
of heat generated in the circuit after it is shifted to position 2 is 

(A) C (1':1 + 1':2)1':2 	 (8) C(1':1 + 1':2)1':2
2 

(C) C (1':1 + 1':2? 	 (0) C(I':.1 + 1':2Y
2 

19.12 	 A capacitor of capacitance 0.1 Il F is connected to a battery of 
emf 8V as shown in the fig. Under steady state condition. 

(A) Charge on the capacitor is 0.4 J.L C. 
(8) Charge on the capacitor is 0.2 Il C. 
(C) Current in the resistor(R) between points A & 8 is 0.1 A. 
(D) Current in the resistor(R) between point A & 8 is 0.4 A. 

(
'. 
( , 

E1~ 
\, 

R . 
C 1 I); 1 


I 2 


E'~ 

.c~ 
2

&.. 

g 
...... 

100 

~!~en~ns! 	 )II( 
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19.13 	 In the figure shown a parallel plate capacitor has a dielectric of I l' 
width d/2 and dielectric constant K =2. The other dimensions of P, VHmm"m,,'lIIIIII/T T 
the dielectric are same as that of·the plates. The plates P1 andP20f ... dl2IW$&:I{~:~_ d" Tv 
the capacitor have area 'A' each. The energy of the capacitor is : P, 1 ...1LI______ 

Ay2 (8) 2Eo Ay2(A) 3CI 	 d 

Ay22(C) ~ Eo Ay2 (0)
2 d 	 3d 

19.14 	 In the figure a capacitor of capacitance 2\JF is connected to a cell of emf 20 volt. 

The plates of the capacitor are drawn apart slowly to double the distance between 

them. The work done by the external agent on the plates is : 
 ~b
(A) - 200 IJJ (8) 200 IJJ (C)-tioo IJJ (0) - 400 IJJ 20 volt 

19.15 The plates Sand T of an uncharged parallel plate capapitor are connected 

across a battery. The battery is then disconnected and the charged 


( plates are now connected in a system a,s shown in the figure. The 

system shown is in equilibrium. All the strings and spring are insulating 


\. 
( 

and massless. The magnitude of charge on one of the capacitor plates 

is:[ Area of plates = A]


( 


(A) ~2mg AEo 	 (8) i4mg
k AEo 

( 
\ 	 (0) J2m g AEo(C) ~mg AEo 

f 
\ 

19.16 In the figure shown A, 8, C, 0, F are conducting plates 

( each of area A and any two consecutive plates separated 


by a distance d. The net energy stored in the system 

( after the switch S is closed is: 
 ~" u 
( (A) 3eoA y2 5eoAy2

\..~ (8) 12d
2d 

II /( 
\. 	 v,S 

(C) 	eoA y2 (0) eoA y2 

2d d
C 

19.17 In the given circuit, all the capacitors are initially uncharged. After closing c 
C 

the switch Sl for a long time suddenly S2 is also closed and kept closed for r~Ec 
( 	

s, LII='"1.E Ca long time. Total heat produced after closing S2 will be :
'

(A) 4 Ce2 ( }i~EC 
( (8) Yz Ce2 W S'r LHl.E 

'IF ......,. J:. 
(C)2Ce2 

"fI V
(0)0 

19.18 	 If at t = 0 the switch Sw is closed, then the charge on capacitor in the given circuit R 
(initially uncharged) when the current through battery becomes 50% of its maximum c value is (assume battery is ideal): ~ 

(8) Ce 	 L1~~(A) 3
Ce 	

s..2 

Ce 
(0) Ce(C) 	 4 

k 
s T 

~ ~lF 

PI B~~er.J~!:!s~ 	 )I( 
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19.19 	 In the circuit shown the capacitor of capacitance C is initially uncharged. c 
Now the capacitor is connected in the circuit as shown. The charge passed r\~'C R 

through an imaginary circular loop parallel to the plates (also circular) and '. , ,,'. \: ... " 
having the area equal tahalf of the area of the plates, in one time constant is: 

( 1) Ce ( 1 ) C£ 	 --1 e
(A)Ce 1--;; (8) 2 1--;; (C) '4 	 (0) zero 

19.20 	 A parallel plate capacitor (without dielectric) is cha rged by a battery and kept connected to the battery. 

A dielectric slab of dielectric constant I k' is inserted between the plates fully occupying the space 

between the plates. The energy density of electric field between the plates will be : 

(A) increase k2 times 	 (8) decrease k2 times 

(C) increase k times 	 (0) decrease k times 

19.21 	 In the figure shown Aand C are concentric conducting spherical shells of radius 

a and c respectively. A is surrounded by a concentric dielectric medium of inner 

radius a, outer radius b and dielectric constant k. If sphereAis given a charges Q, 

the potential at the outer surface of the dielectric is. 
c 

f 
\.,Q 	 Q (1 	 1 J 

. (A) ,d'Tr.:::.lch (8) 41tEo a-+k(b-a) 

Q 
(O) None ofthese (C) 41t 9:J b 

19.22 	 In the figure shown P 1 and P 2 are two conducting plates having charges of 

equal magnitude and opposite sign. Two dielectric~ of dielectric consta~t K1 
andK2 fill the space between the plates as shown In the figure. The ratIo of 

electrical energy in 1St dielectric to that in the 2nd dielectric is 

(A) 1 : 1 	 (8) K1 . K2 
(C) K2 : K1 	 (0) Kl: Kl 

" 

IJJ!I///J/Jl//ndnIlI//ITI!JlTI!IJ, P, 
d 

r' 

~ ~ 
d 

\\\\\\\\}\\\\\\\\)r\\\\\'\U\)\\\\\\\ P:2 

19.23 	 In the figure shown two long straight wires with the same cross-sections are arranged in air, parallel to 

one another. The distance between the axis of the wire is 11 times larger then the radius of wire's cross

section. Capacitance of the wires per unit length would be (Take 11 » 1) 

G------() 
Top view of the 
arrangement 

21tEo 	 1t 
(A) Ir»l (8) 21n11 (C) InT) 

19.24 	 A parallel plate capacitor is immersed in a liquid dielectric having 

dielectric constant e as s~own in the figure. Find the force acting on a 

unit surface of the plate from the dielectric. 

A) eeoV2 	 (8) EO(S _1)V2
(

2d2 	 2d2 
x€ 

eV2 	 (0) 1:(1: -1)eoV2 
(C) 2d2 	 2d2 

( , 

(0) Information insufficient 

-----r---------------------· ( " 
::::~;:: '-" _m_..~ .. __ ... __ ................................ ........... 
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19.25 For the circuit shown in the figure, determine the charge of the capacitor in steady state. 

3V 	 3V 
-/1'--'-'; .. n'W1.Q 5.Q 

2s 

2H 

l 
/. 

t--N'JINv--/

20 6V lflF 
.

( 
(A) 4Jle (B} 6Jle (C} 1Jle 	 (D) Zero 

C: 19.26; Two identical capacitors are charged to different potentials then they are connected to each other in 

(. such a way that the sum of charges of plates having positive polarity remains constant. Mark the 

\. correct statement. 

f (A) Sum of charges of plates having negative polarity remains constant. 

, (B) Mean of individual final potentials is different from mean of individual initial potentials. 


(e) Total energy stored in two capacitors in final state may be equal to that in initial state. 
(D) Heat dissipation in the circuit could be zero. 


( 

SECTION - II : MULTIPLE CORRECT ANSWER TYPE 

( 
19.27 The figure shows, a graph of the current in a discharging circuit of a capacitor through a resistor of 

( resistance 10.0, 

f 
\ 

( 

\ 


(. 

\, 


\ 
( .. (A) The initial potential difference across the capacitor is 100 volt. 

/ 	 1 
1... (B) The capacitance of the capacitor is 10£n2 F. 

500 
(C) The total heat produced in the circuit will be £n2 joules.c 

( 	 1 
(D) The thermal power in the resistor will decrease with a time constant 2£n2 second. 

(. 19.28 A parallel plate capacitor of capacitance 'e' has charges on its plates initially as shown in the figure. 

Now at t ::: 0, the switch'S' is closed, Select the correct alternative(s) for this circuit diagram.( 

( ccj 
, 

c (A) In steady state the charges on the outer surfaces of plates 'A' and 'B' will be same in magnitude 
and sign. 

c (B) In steady state the charges on the outer surfaces of plates 'A' and 'B' will be same in magnitude 
and opposite in sign. 

(C) 	In steady state the charges on the inner surfaces of the plates 'A' and 'B"will be same in magnitude 
and opposite in sign. 

l 	 2 

(D) The work done by the cell by the time steady state is reached is 5 e e . . 	 2 

c 11~~~eQtt~fo!S~ 	 :. 
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;. 19.29 The plates of a parallel plate capacitor with no dielectric are connected to a voltage source. Now a dielectric 
< of dielectric constant K is i,(Isefted to fill the whole space between the plates with voltage source remaining 

connected to the capacitor. 
(A) the energy stored in the capacitor will become K-times 
(B) the electric field inside the capacitor will decrease K-times 
(C) the force of attraction between the plates will become K2-times 
(D) the charge on the capacitor will become K-times. 

19.30 	 Aparallel plate c'apacitor of capacitance 10 !-IF is connected to a cell of emf 10 Volt and fully charged. Now 

a dielectric slab (k ::: 3) of thickness equal to the gap between the plates, is very slowly inserted to 

completely fill in the gap, keeping the cell connected. During the filling process: 

(A) the increase in charge on the capacitor is 200 !-lC. 
(B) the heat produced is zero. 
(C) 	 energy supplied by the cell ::: increase in stored potential energy + work done on the person who is 

filling the dielectric slab. 
(D) 	energy supplied by the cell::: increase in stored potential energy + work done on the person who is 

filling the dielectric slab + heat produced, 

19.31 	 Capacitor C1 of the capacitance 1 microfarad and capacitor C2 of capacitance 2 microfarad are separately 
charged fully by a common battery. The two capacitors are then separately allowed to discharge through 
equal resistors at time t::: O. (' , 

(A) the current in each of the two discharging circuits is zero at t ::: O. 	
\ 

(B) the current in the two discharging circuits at t ::: 0 are equal but non zero. 
(C) the current in the two discharging circuits at t::: 0 are unequal 
(D) capacitor C1 loses 50% of its initial charge sooner than C

2 
loses 50% of its initial charge 	 \ 

/ -, 

SECTION -III : ASSERTION AND REASON TYPE 

19.32 	 Statement-1: If the potential difference across a plane parallel plate capacitor is doubled then the 

potential energy of the capacitor becomes four times under al! conditions. 


r • 

1
Statement-2: The potential energy U stored in the capacitor is U::: 2 CV2

, wherE:: C and '{ have usual 
r< , 
I, / 

meaning, 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True 

19.33 	 Statement-1: A charged plane parallel plate capacitor has half interplanar region (I) filled with dielectric slab. 

The other half region II has air. Then the magnitude of net electric field in region I is less than that in region II. 
 (~ 

r 
\ .. ) 

'.; 

c
Statement-2 : In a dielectric medium induced (or polarised) charges tend to reduce the electric field. 

A +Q C 

Dielectric Air
slab 

{ , 
'1 

B -Q D 
~ 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOTa correct explanation for Statement-1 
(C) StatemenH is True, Statement-2 is False 	 ," 	 
(D) Statement-1 is False, Statement-2 is True. 

-Resonance 	 .:rA1 Educating for better tomorrow 



~.J Physics ~<~"'"."_~'~__~~~__~L_~ 	 ro lEE (Advanced) - RRB (;l< 

"9.34 Statement·1: A dielectric is inserted between the plates of an isolated fully-charged capacitor. The 
dielectric completely fills the space between the plates. The magnitude of electrostatic force on either 

. . . metal plate decreases, as it was before the insertion of dielectric medium. 
'Siatement-2: Due to insertion of dielectric slab inan isolated parallel plate 'capacitor (the dielectric 

completely fills the space between the plates), the electrostatic potential energy of the capacitor 
decreases. 
(A)Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1\. 

/. 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 


\ (C) Statement-1 is True, Statement-2 is False 

(0) Statement-1 is False, Statement-2 is True. c;

19.35 	 Statement· 1 : During the charging of a capacitor using a battery, the electrons transferred from 
positive plate of capacitor to negative plate via dielectric medium in between the plates as shown. 
Statement - 2 : The direction of electric field in between the capacitor plates is from positive plate to 
negative plate. 

; 	 cFj
E 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
( . (B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

(C) Statement-1 is True, Statement-2 is False 
( (D) Statement-1 is False, Statement-2 is True. 

: c)ECTION - IV : COMPREHENSION TYPE 

( COMPREHENSION # 1 I 
\., . The switch s has been closed for long time and the electric circuit shown 

.r carries a steady current. Let C1 = 3.0 !IF, C2 = 6.0 !IF, R1 = 4.0 kn, and 

\ . R2 = 7,0 kQ. The power dissipated in R2 is 2.8 W. 

{ 

"19.36 The power dissipated to the resistor R1 is 
(A) 2.8 W (B) 1.6 W (C)4.9W (0)0 

,19.37 The charge on capacitors C and C are respectively. 1 2 
'<. (A) 940 ~lC, 940 ~lC (8) 440 !lC, 440 !lC (C) 240 fJ,C, 840 !lC (0) 840 !lC, 240 fJ,C 

(19.38 Long time after switch is opened, the charge on C1 is: 

(A) Zero 	 (8) 420 !lC (C) 240 fJ,C (0) 660 fJ,C
( 

COMPREHENSION # 2 

(, . 

In the shown circuit involving a resistor of resistance R n, capacitor of
' .. 

capacitance C farad and an ideal cell of emf E volts, the capacitor is R 'l/

It. initially uncharged and the key is in position 1. At t = 0 second the key yy...L 
is pushed to position 2 for to =RC seconds and then key is pushed 

back to position 1 for to =RC seconds. This process is repeated again 

and again. Assume the time taken to push key from position 1 to 2 and 


( 	 K~J ...Jvice versa to be negligible. 
19.39 	 The charge on capacitor at t = 2RC second is 

C 
(A) CE 	 (8) CE(1-~1 (C)CE(;- e~) (0)CE(1 ~+-;Ic e) 	 e e J 

(. 19.40 The current through the resistance at t = 1.5 RC seconds is 

( E 1 E 1 E 1 ~(1- 1(A) -(1--) (B) -(1--) (C) -(1 -) (0) .,feR ee2R 	 e eR e R e 

, 	 )I(
>IIB~~9a~fo1~r~"

\./ 
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19.41 	 Then the variation of charge on capacitor with time is best represented by 
(

q 	 q 

(8) 
\! 

'i" 

qr /\ fV\ (D)"E.,(C)~, 

" 	 ' .
SECTION - V : MATRIX· MATCH TYPE 

,I 

19.42 	 Two identical capacitors are connected in series, and the combination is connected with a battery, as 

shown. Some changes in the capacitor 1 are now made independently after the steady state is achieved, 
listed in column-I. Some'effects which may occur in new steady state due to these changes on the capacitor 

~ ~ 

2 are listed in column-II. Match the changes on capacitor 1 in column-l with corresponding effect on capaCitor 
2 in column-II. 

CJ

Cap.1 Cap.2 

Column I 
(A) A dielectric slab is inserted. 

(8) Separation between plates increased. 
(C) A metal plate is inserted connecting both plates 
(D) The teft plate is grounded. 

ColumnH 
(p) Charge on the capacitor increases. 
(q) Charge on the capacitor decreases. 
(r) Energy stored in the capacitor increases. 
(s) Energy stored in capacitor is decreased 

(t) No change is occurred. 

19.43 	 In each situation of column-I some changes are made to a charged capacitor under conditions of 
constant potential difference or constant charge. Condition of constant potential difference means that 
a cell is connected across the capacitor and condition of constant charge means that the capacitor is 

isolated. Match the conditions in column-I with corresponding results in column-II. 

Column I 
(A) For a capacitor maintained at constant 

potential difference, the separation 
between plates is increased. 

(8) For a capacitor maintained at constant 

charge, the separation between the 

plates is increased 

(C) For a capacitor maintained at constant 

potential difference, area of the both 

the plates is doubled. 
(0) For a capacitor maintained at constant 

charge, area of both plates is doubled 

.B~~eD~ns~ 


Columnll 
(p) Then electric field inside the capacitor 

decreases in comparison to what it 
was before the change. 

(q) Then electric field inside the capacitor 
remains same. 

(r) Then potential energy stored In the 
capacitor decreases in comparison to 
what it was before the change. 

(s) The potential energy stored in the 
capacitor increases in comparison to 

what it was before the change. 

(t) Capacitance of capacitor decreases 

:. 


{---" 

\ 

/' 

( 

r- -" 

i, .-' 

(' 

\. 

{ -"~ 

'- ' 

( , 
,,~ 

c 

c 
c 

'.,'( '" 
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9.44 The circuit involves two ideal cells connected to a 1 IlF capacitor via a key K. Initially the key K is in 
~ ~ 

"'~p0sitioflc 1'and-thecapacitor: ischargedJuUy by 2V, ceiL The key is pushed to position 2. Column I gives 

physical quantities involving the circuit after the key is pushed from position1.'columnlrgives' 

corresponding results. Match the statements in Column I with the corresponding values in Column II. 
( 
\ 

, 
" L Ji=1/!F l 

tJ-=r
2 

Column I 
" 

(A) The net charge crossing the 4 volt cell in J.l.C is 
/ (B) The magnitude of work done by 4 Volt cell in J.l.J is
" (C) The gain in potential energy of capacitor in J.l.J is 
( (0) The net heat produced in circuit in J.l.J is 

Column II 
(p) 2 
(q} a 
(r) 8 

(s) 16 

'(.45 In the given figure, the separation between the plates of C1 is slowly increased to double of its initial 
value then. 

r 
\ 

C, Co 

H~d~~ 
' ~~ 
( V" ' 

Column-I 
(A) the potential difference across C1 

( 
,",. ' (B) the potential difference across C2 

(C) the energy stored in C1( 
(O) the energy stored in C2 

(~ECTION - VI : INTEGER TYPE 

(' 

Column-II 
(p) increases 
(q) decreases 

(r) , increases by a factor of 6/5 
(s) decreases by a factor of 18/25 
(t) decreases by a factor of 9/25 

'( .~.46 In the circuit shown the capacitors are initially uncharged. In a certain time the capacitor of capacitance 21lF 

gets a charge 20IlC. In that time interval, find the heat produced in each resistor an in J.l. J 

19.47 In the circuit shown a charged capacitor C1 = 3 IlF is discharged through 
C 'R = 1 kQ by putting the switch is position 1. When the current reaches 10 

=2 A, the switch is thrown to position 2 to discharge through uncharged ( 
capacitor C =6,IlF and steady state is allowed to reach. Find the heat 2 

C dissipated (in Joules) in the resistor R after switch is thrown to position 2. 

1 

'~ 
Z

lC ::6)1F 

=rC,::3IlF 
2

R 

19.48 In the figure shown find the equivalent capacitance between terminals 'N. and 'B'. 

r 

\ ...- ~ The letters have their usual meaning capacitance is ~6: then x is. 

em 8,§29o.~[lS~ )I( 


C 
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r19.49 	 A parallel plate capacitor is to be designed which is to be connected across 1 kV potential difference. 
The dielectric material which is to be filled between the plates has dielectric constant K = 6n and 
dielectric strength 107 VIm. Forsafelyt~e electricJieldJsnever to exceed 10% of the dielectric strength. 
With such specifications, if we want a capacitor of capacitance 50 pF, what minimum area (in mm2) of 
plates is required for safe working? 

1 
(use 8 	 = - X 10-9 in MKS)

o 36rc 

,~, 

19.50 	 Two identical capacitor having plate separation do are connected parallel to each other across points \ / 

A and B as shown in the figure. A charge Q is imparted to the system by connecting a battery across 
A and B and battery is removed. Now first plate of first capacitor and second plate of second capacitor 
starts moving with constant velocity Uo towards left. Find the magnitude of current flowing in the loop 
during this process. 

~~ ~ uo<E-"

( " 

19.51 	 Given that C A =1 J.L F,'CB =2 J.L F ~nd C ~ 2 J.L F. Initially each capacitor was charged to potential djfferences c 
of VA =10V, VB =40Vand Vc =60 V separately and are kept as shown in figure (a). Now they are connected 
as shown in figure (b). The + and - sign shown in figure (b) represent initial polarities. If total amount of 
heat produced in IJJ is given by (3100 - N) by the time steady state is reached find value of N. 

rl "
( 

,~
A B A B C
e----+ll::-- &--:j:j f::----. +:'I- +I 

'. ,J 	
(" " 

C 
 ! ' 


• +11- • 
Fig. (a) 	 Fig. (b) 

E ( ~J19.52 	 In the figure shown the capacitor is initially uncharged. The current in R3 (= R) at time 't' is 2R l1-eBRC 
find 

{,the value of (A+B). ,--~,. 

R,=R R,=R 

LF1~ 	
C~ 

c 
c 
(' 0" 

~' 

,~, " 
(

'-

c 
B!~en~~s! 	 )II( 
c 
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:1 TOPIC MAGNETIC EFFECT OF CURRENT & 
MAGNETIC FORCE OF ON CHARGE:120" 

C' 	 e 
.SECTION - I : STRAIGHT OBJECTIVE TYPE 

( 

" 20.1 The negatively and uniformly charged nonconducting disc as shown in the figure is rotated clockwise with 
C great angular speed. The direction of the magnetic field at point A in the plane of the disc is: 

c 

.A 

(A) into the page (8) out of the page (e) up the page (D) down the page 
C 
r 20.2 	 A particle is moving with velocity v== j + 3J and it produces an electric field at a point given by E= 21< . It will 

produce magnetic field at that point equal to (all quantities are in S.I. units) " 
I 
" 

(8) 

(C) zero 	 (D) can not be determined from the given data 

'20.3 Two observers moving with different velocities see that a point charge produces same magnetic field at the 

( same point A. Their relative velocity must be parallel to r, where r is the position vector of point Awith 
respect to point charge. This statement is : 

( (A) true 
(8) false 

r ' (e) nothing can be said " (0) true only if the charge is moving perpendicular to the r 
('
'- ' 20.4 In the figure shown A 8 e DE F A was a square loop of side e,but 

C is folded in two equal parts so that half of it lies in x z plane and the 
other half lies in the yz plane. The origin' 0' is centre of the frame 

( 	 also. The loop carries current' i '. The magnetic field at the centre 
is: z 

( 
~O_l' (i -1) 	 (8) ~O i (_ 1+ ])

(A) 2J2 1C I! 41C1!( 

( "1/'21. i ('I + 'IJ) 	 (D) 1 (i + j)(e) x e xl! 

20.5 If the magnetic field at 'P' in the given figure can bewriUen as K tan (~) then K is: // 

~B 

x 

~loI -----~---------~~~------------(A) 4rcd 	 (8) 2rcd 
I >1 a. 

d ~ 

'~."..... 
(e) rcd 	 (D) rcd ". 

c 11a~~eD~flSr~ 	 ,. 
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20.6 The magnetic field at the origin due to the current flowing in the wire as shown in figure b,elow is' 
~y 	 , 

upto 00 
« ill' u to ..... --I>X r'

\,,. 
, .. .............. _ .. .. 
, ~ a (

Z ," 
~ 	 II 

+-parallel to 'y' axis 

~ upto 00 

(A) - 8~oI (1 + k) (8) 2~oI (I + k) {C} 8~oI (-1 + k) !-toI (i-k) 
1ta 1ta 	 rr.a (0) 4rr.aJ2 ' 

20.7 	 An infinitely long wire carrying current I is along Yaxis such that its one end is at point A (D, b) while the wire (' 

extends upto + co. The magnitude of magnetic field strength at point (a, 0) is \ 

( 
,'"}) 

, I [ b I~o 1 I(A) :~: [ 1+ -~=~=2b=+=b='J 	 (8) 4rr.a ~a2+b2 J Aho,b) 

(0:6):"······ ·······(a~o)~ol (- J (O) None of theseb 	 I 

(C) 4rr.a ~a2 + b2 	 \J 

I 
\ 

20.8 	 Two infinitely long linear conductors are arranged perpendicular to each other and are in mutually perpendicular 
planes as shown in figure. If 11 = 2A along the y-axis and 12 = 3A along negative z-axis and AP =A8 = 1 cm. 

The value of magnetic field strength Bat P is 

I, 
;/-., 

\ _/ 

_. _ _ _ _ 12 
P lA'----® 

8 
( , 
'--'J-.x 

z 

(A) (3 x 1O-5 T) ] + (-4 x 10-5T) k (8) (3 x 10-5 T) j + (4 x 10-5 T) k 
(C) (4 x 1D-5T) } + (3 x 10-5 T) k 	 (0) {- 3 X 10-5 T)l + (4 x 10-S T)k 

{( . 
"--' 

20.9 	 A steady current is set up in a cubic network composed of wires of equal resistance and length d as shown 
in figure. What is the magneticfield at the centre of cube P due to the cubic network? 

21 	 ~o~ 
(A) 4~ d 	 (8) 4rr. J2d 

c 
(D) l:Q.. e11 I{C)O 4rr. d 

/A /' -) -'1- ,.
I E 

)) T )F 

'----ill----< 

lIl1IResonance 	 )I( c1!rA1' Educating for better tomorrow 
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20.10 	 Figure shows an amperian path ABCDA. Part ABC is in vertical plane PSTU while part COA is in 
horizontal plane PQRS. Direction of circulation along the path is shown by an arrow near point 8 and at O. 

}i3:de 	for this path according to Arhpere's law will be: 

T 

U. 	
I 

I 

i2, 

B_ 
( 	 i,, .... i, 

i3 

~ 
QP 

i3 rti, 
t' 

" I I 

( 
(A) (i1 - 12 + i3) 110 (B) (- i1 + i2) 110 (C) 13110 	 (0) (i1 + i2) 110 

(" 

\, 
20.11 A coaxial cable is made up of two conductors. The inner conductor is solid and is of radius R1 & the outer 

r conductor is hollow of inner radius R2 and outer radius R3. The space between the conductors is filled with 
\. 

air. The inner and outer conductors are carrying currents of equal magnitudes and in opposite directions. 
t' Then the variation of magnetic field with distance from the axis is best plotted as: 
\. 

\ , 

(' 

\. 

( 

\.., 
(' 

t tB 11-------\ B 1-1-------I 
{
\". 

I I 

(B) 
( 
"

(A) 

I I I r-+I 
R, R2 R,(, R, R2 Ra 

( 

t( 	 i 

I 

R, 	

BB 

(0)(C) 

r ----t> 
R, R2 R3 
I I I 

11~~~eD~nSr~ 	 ')1( 

c 

c 
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20.12 	 An electron moving with velocity V along the axis approaches a circular 

current carrying loop as shown in the figure. The magnitude of magnetic 

force on electron at tnis instant is : V 


-e --+-----+---r 
eviR2 x 

(B) Ilo (x2 + R2 )3/2 

(0)0 

• 4d • x x x x x
20.13 	 If a charged particle of charge to mass ratio ~ = ex is entering in a uniform x x x 	x xm 

x x X Xq/m =a IX 
X X X 	 Xmagnetic field of strength B which is extended up to 4d as shown in figure *" X 

X X X X Xat a speed v = (2ad)(B), then which of the following is correct: 
X X X 	 X X 

(A) angle subtended by charged particle at the centre of circular path is 211:. X X X 	 X X 

(8) the charge will move on a circular path and will come out from magnetic 

field at a distance 4d from the point of insertion. 

21t 
(C) the time for which particle will be in the magnetic field is as' 

(0) the charged particle will substend an angle of 900 at the centre of circular path 

20.14 	 In a region magnetic field along x axis changes with time according to the sf BOI I I 	 I
given graph. If time period, pitch and radius of helix path are T 0' Po and R I I I 

I I Irespectively then which of the following is incorrect if the particle is projected 
To: 2To: 3:ro ~IOat an angle 8 with the positive x-axis in x-y plane: I I I I0 	 -Bo l .l..--....l '----lT. 	 (P 1(A) At t:= -f, co-ordinates of charge are-i' 0 , - 2Ro ) . 

_. 	 1'3P J(B)At t:= 2 ,co-ordinates of charge are \.-t., 0, 2Ro . 

(C) Two extremes from x-axis are at a distance 2Ro from each other. 
(0) Two extremes from x-axis are at a distance 4 Ro from each other. 

20,15 	 A Positive point charge is moving in clockwise direction in a circle with constant speed, Consider the magnetic 
field produced by the charge at a point P (not centre of the circle) on the axis of the circle, 
(A) it is constant in magnitude only 
(8) it is constant in direction only 
(C) it is constant in direction and magnitude both 
(0) it is not constant in magnitude and direction both, 

20.16 	 An a particle is moviog along a circle of radius R with a constant angular velocity 0), Point A lies in the same 
plane at a distance 2R from the centre, Point A records magnetic field produced by a particle. If the minimum 
time interval between two successive times at which A records zero magnetic field is 't', the angular speed 0), 

in terms of t is 

21t 21t 1t 	 1t 
(A) t 	 (B) 3t (C) 3t (0) t 

20.17 	 Figure shows an equilateral triangle ABC of side ecarrying currents, placed in uniform magnetic field B. The 
magnitude of magnetic force on triangle is 

.·~ ®B 

. cL, I 

(A) itB 	 (B) 2 itB (C) 3ifB (0) zero 

~esonance 	 )I(
Educating for better tomorrow 
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20.18 	 There exists. a uniform magnetic and electric field each of magnitude 1 T and 1 VIm respectively along 
positive y-axis. A charged particle of mass 1 kg and of charge 1 C is having velocity 

,,·1 mlsec along x-axis, and is Cito[igjf.\atJ :::0, Then theco-ordinates of particle at time T( seconds will be: 
(A) (0, 1, 2) (8)(0, - T(2/2, - 2) (C)(2: n272, 2)' .. .. (D}(O. T(2/2, 2) ' .. 

y %> B=1T 
f' 20.19 A uniform magnetic field of magnitude 1 T exists in region y ;,:: 0 is along k, . " 

direction as shown, A particle of charge 1 C is projected from point " " ( 	 ,r lOX(-.J3 , -1) towards origin with speed 1 m/sec. If mass of particle is 1 kg, 

then co-ordinates of centre of circle in which particle moves are: 
(-13. -1} 

(' 	
(A) (1,.J3) (B) (1,-.J3) 

\ 	

(J3 1]
" 
( 	 (C)(~,-~] (O) 2'-"2 
( 

\ 


20.20 	 A uniform magnetic field exists in region which forms an eqUilateral triangle of side a. The magnetic field is 
perpendicular to the plane of the triangle. A charge q enters into this magnetic field perpendicularly with \. 

f 

speed v along perpendicular bisector of one side and comes out along perpendicular bisector of other side. 
(" , The magnetic induction in the triangle is 

mv 2mv mv mv 

( (A) qa (B) q;- (C) 2qa (0) 4qa 


( 20.21 	 A positively charged particle having charge q and mass m enters with velocity V} at the origin in a magnetic 

(, 	 field B(-k) which is present in the space every where, The charge makes a perfectly inelastic collision with 
identical particle at rest but free to move at its maximum y-coordinate. After collision the combined charge 

{ 
\" 	 will move on trajectory: (where r = mV ) 

, qB 
r 
\. mv . 

(A) Y 	 --(-i) (B) (x + r)2 + (y - r/2)2 == r2/4
qB(, 

(C) (x- r)2 + (y- r)2::::; r2 (0) (x - rY + (y + r/2)2 =r2/4 
( 

,,:y20.22 	 In the plane mirror, the co-ordinates of image of charged particle (initially at 

C 	 Voorigin as shown) after two and half time periods are (initial velocity Vo is in 

the xy-plane and the plane mirror is perpendicular to the x-axis. Auniform 
 f )x

C magnetic field Bi exists in the whole space. Po is pitch of helix, Ro is 
Y ,-

10Po 
z Plane mirrorradius of helix).

( (A) 17P ,0,-2R (B}3P ,0,-2R (C)17.5P ,O.-2R (0) 3 po. 0, 2Roo	 o o o o o 

( 
20.23 	 A uniform, constant magnetic field Bis directed at an angle of 45° to the x-axis in / y-, 

/ / 
/ 0/ 

P 

R 

the xy-ptane. PQRS is a rigid square wire frame carrying a steady current 10, with( Ir. r.its centre at the origin O. At time t = 0, the frame is at rest in the position shown in x 
f 
~ the figure, with its sides parallel to the x and y axes. Each side of the frame is of 

Q 
mass M and length L.. The torque 1: about 0 acting on the frame due to the 

magnetic field will be : 
C 

BI l2BIol2 (A 	 A)
( (A) ;: = fi - i + j 	 (B) ;: = 12 (i ])

j 

C 	 BI l2 
_ BIol2 (" ")

(C) 1:::::; fi- i + i 	 (0) 1: = 12 (- i J)
( 

( 

~ 

.ll~~9Clt~QS~ 	 )I( 
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20.24 	 A ring of mass m, radius r having charge q uniformly distributed over it and free to rotate about its own axis "~ 
is placed in a region having a magnetic field 8 parallel to its axis. If the magnetic field is suddenly switched 
off, the angular velocity acquired by the ring is " 

(A) q8 	 (8) 2q8 (D) None of these m 	 m (C) 2m 

20.25 	 A uniform magnetic field of 1.5 T exists in a cylindrical region of radius 10.0 cm, it's direction being parallel 
to the axis along east to west. Acurrent carrying wire in north south direction passes through this region. The 
wire intersects the axis and experience a force of 1.2 N downward. (as shown in figure}.lfthewire is turned 
from North South to north east-south west direction, then magnitude and direction of force is : 
(A) 1.2 N, upward 

(8) 1.2.J2 downward I" 

(C) 1.2 N, downward w 
1.2 

(O) .J2 N, downward 

20.26 	 In the above problem, if wire in north-south direction is lowered from the axis by a distance of 6 em, then 
magnitude and direction of force is : 
(A) 0.48 N, downward (8) 0.48 N, upward (C) 0.96 N, downward (0) 0.96 N, upward 

20.27 	 Three infinite current carrying conductors are placed as shown in figure. Two wires carry same current while 
current in. third wire is unknown. The three wires do not intersect with each other and all of them are in the 
plane of paper. Which of the following is correct about a point 'P' which is also in the same plane: 
(A) 	Magnetic field intensity at P is zero for all values of x. 


21 

(8) If the current in the third wire is. (left to right) then magnetic 

I 
OP=xSlna 

field will be zero at P for all values of x. 

21 
 " / 

(C) If the current in the third wire is -.- (right to left) then magnetic Third wire 
Sin a 


field will be zero at P for all values of x. 

(0) None of these 

20.28 	 An insulating rod of length f carries a charge q uniformly distributed on it. The rod is pivoted at its mid pOint 
and is rotated at a frequency f about a fixed axis perpendicular to rod and passing through the pivot. The 
magnetic moment of the rod system is 

1 
(A) Zero 	 (8)rcqff:2 (C) 1~ ITqfl2 (0) 3"rcqff2 

(~. 
20.29 	 A long straight wire, carrying current I, is bent at its midpoint to form an angle of 45°. Magnetic field at point 

P, distance R from point of bending is equal to : 

(.J2 -1)1-101 	 (.J2 + 1)1-101 
(A) 4rcR 	 (8) 4ITR ~~ 

(.J2 +1}l-Iol (.J2 1)1-101 
'.{C} 4,J21tR 	 (O) 2.J2ITR 

20.30 	 Two long cylinders (with axis parallel) are arranged as shown to form overlapping cylinders, each of radius r, 
whose centers are separated by a distance d. Current of density J (Current per unit area) flows into the plane cof page along the right shaded part of one cylinder and an equal current flows out of the plane of the page 
along the left shaded part of the other, as shown in the figure. The magnitude and direction of magnetic field 
at pOint 0 (0 is the origin of shown x~y axes) are : Y vaccum 

(A) ~~ rc Jd, in the + y-direction 

(8) 2!lo d2 !.., in the + y-direction 
IT r 

(C) zero 
(0) none of these 

-Resonance 	 •rA1J Educating for better tomorrow 
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20.31 	 Determine the magnetic field at the centre of the current carrying wire arrangement shown in the figure. The 

arrangement extends to infinity. (The wires joining the successive squares are along the line passing through 

~~~ 	 F 
I 

( 
\ 

( 

J.l.o i 
(A) ..f2 lta 

(8) 0 

Id3a 7
I 2a" / 

·~-i I ~;l' f--~. 
c) 
/-, 

\ 

2../2 .fQl J.l.o I In 2 
lta -

(D) none of these 

I I • 

-I 

1 

oo~ 

\ 20.32 A straight wire current element is carrying current 100A, as shown in the figure. The magnitude of magnetic 

( field at point Pwhich is at perpendicular distance (..[3 -1)m from the current element ifendAand end 8 of 

(' 
\. 

the element subtend angle 300 and 600 at point P, as shown, is : 

;- 

"' B)\\ 
( I 

At............ 

\ 
\ 

\ 

" 

(. 

(A) 5 x 10-6T (8) 2.5 x 10-6 T (C)2.5 x 10-5T (D) 8 x 10-5 T" 
20.33 	 Axis of a solid cylinder of infinite length and radius R lies along y-axis it carries a uniformly 

( 	
distributed current 'i' along +y direction. Magnetic field at a point (~ , y, ~) is: 

!lor • •v 
( 	

(A) 41tR (i - k) (8) ;1t0~ (] - k) (C) 41tR j (D) 4nR (i+k)
C 

20.34 	 A magnetic dipole IV! = {Ai + 81> J/Wb is placed in magnetic field. B= (Cx2j + Oy2]) Wb in XY plane at r = 
C 

(Ei + FJ) m. Then force experienced by the bar magnet is : 
( . 
\... ' 

(A) 2ACEl + 280F J (N) (8) 2ACE i (N) 

( (C)O 	 (0) ACE i + 8DF J (N) 

( 	 20.35 A toroid of mean radius' a' ,cross section radius' r' and total number of turns N. It carries a current' i'. The 
torque experienced by the toroid if a uniform magnetic field of strength 8 is applied: 

( 	 2
\.. (A) is zero (8) is 8 I N 1t r

2(C) is 8 i N 1t a	 (O) depends on the direction of magnetic field. 
C 

SECTION -II: MULTIPLE CORRECT ANSWER TYPE · . 
/C

20.36 A long thick conducting cylinder of radius 'R' carries a current uniformly distributed over its cross section. 

L (A) The magnetic field strength is maximum on the surface 
(8) The magnetic field strength is zero on the surface 

( (C) The strength of the magnetic field inside the cylinder will vary as inversely proportional to r, where r is 
the distance from the axis. 

f 
\..J (D) The energy density of the magnetic field outside the conductor varies as inversely proportional 

to 1/r2, where 'r' is the distance from the axis. 

\. , 	 .:

j ~esonance 	 .L 11 Educating for better tomorrow 
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20.37 A nonconducting disc having uniform positive charge Q, is rotating about its axis in anticiock wise direction 
with uniform angular velocity 0). The magnetic field at the center ofthe disc is. 	 . 

)loQm 
(A) directed outward (8) having-:'nagnitude"4rc R .... Go!loQm 

~--.--(C) directed inwards (0) having magnitude 2 ". 'R 
~" ~ ,,, f 

20.38 	 A charge particle of charge q, mass m is moving with initial velocity 'v' as shown in figure in a uniform 

magnetic field - 8K .Select the correct aitemar!veialtematives :. 

y 
;'.

X 
SX y _._l;. ij};tend upto a 

X X X !£:1rga distance 
X X X X 
X X X X 
X X X 	X 

_+ X'" '>VI 

xxxxxxxxxxxxxxx 

(A) Velocity of particle when it comes out from magnetic field is v IJ cos 60° i-v sin 60° J 
/ 

\. 

TtrTl 
(8) Time for which the particle was in magnetic field is -< 8 

,,,(j 

nrnV 	 (,,- ~.

(C) Distance travelled in magnetic field is :iaB 
- , 

(D) The particle will never come out of magnetic field 

r ' 
20.39 	 A particle of charge 'q' &mass 'm' enters normally (at in a region of magnetic field with speed v. It. 

comes out normally from Q after time T as shown in The magnetic field B is present only in the region 
of radius R and is constant and uniform. Initial and finD! velocities are along radial direction and they are 
perpendicular to each other. For this to happen, which of the following expression(s) is/are correct: 

tVmv I 
(A) 8 = qR 

L:".JQ
/'''xxxxx

,'x>;xxxxxxxx
(8) T =1tR 

J
xx;;:XXXXXB:XX

2v v xxxxxxxxxxxxx 
• xXXJ(X)(}lxxxxxx


1tm Pp x X)( ofx)( x x x x X 


(C) T= 	2q8 ,\Xl~X'"xxxx,xx
.p: )(~XXXX)(
'-,". x x x)()( x(D) None ofthese 	 

20.40 	 From a cylinder of radius R, a cylinder of radius R!2 is r~:;rnoved, as shown. Current flowing in the remaining c
cylinder is I. Magnetic field strength is : 

(A) zero at point A 

(8) zero at point 8 o 
flo! 

(C) 31tR at pointA c 
(D) ~o~ at point B 

C'.B~~E'Cltt~nS;--------' .._--_. 	 :. 
C

~:-.::' " 
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'SECTION ~ III : ASSERTION AND REASON TYPE 

20.41 	 Statement-1: Acharged particle undergoes uniform circular motion ina uniform,magnetic,Jield, The only 
force acting on the partiete is that exerted by the uniform magnetic field. If now the speed of the same particle 
is somehow doubled keeping its charge and external magnetic field constant, then the centripetal force on 
the particle becomes four times. 
Statement-2 : The magnitude of centripetal force on a particle of mass m moving in a circle of radius R with 

2 . . mv 
umform speed v IS R : 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Statement-1 is False, Statement-2 is True 

20.42 	 Statement -1 : Acurrent carrying closed loop remains in equilibrium in a uniform and constant magnetic 
field parallel to its axis. Consider forces only due to this magnetic field. 
Statement - 2: Torque on a current carrying closed loop due to a magnetic field is maximum when the plane 
of the coil is parallel to the direction of the magnetic field. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 

(" (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
\ (C) Statement-1 is True, Statement-2 is False 
( (0) Statement-1 is False, Statement-2 is True 
\, 

20.43 	 Statement-1 : A solenoid tend to contract (along its length} when a current is passed through it. 
Statement-2 : If current in two coaxial circular rings of equal radii is in same sense( as seen by an observer 
on axis away from both the rings}, the rings attract each other. Further the given current carrying rings attract 
each other because parallel current attract. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 ( 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 


( (C) Statement-1 is True, Statement-2 is False
'. (0) Statement-1 is False, Statement-2 is True. 
( 

" 20.44 	 Statement 1 : A direct uniformly distributed current flows through a solid long metallic cylinder along its 
(" 	 length. It produces magnetic field only outside the cylinder. 

Statement 2: Athin long cylindrical tube carrying uniformly distributed current along its circumference does 
not produce a magnetic field inside it. Moreover, a solid cylinder can be supposed to be made up of many thin( 
cylindrical tubes. 

(A} Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
( 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False ( 
(0) Statement-1 is False, Statement-2 is True 

(. SECTION - IV : COMPREHENSION TYPE 

(' COMPREHENSION # 1 

A small particle of mass m::: 1 kg and charge of 1 C enters perpendicularly in a triangular region of uniform 
magnetic field of strength 2T as shown in figure:( 

c 

c 
c 

4m 
5m 

c:&lB 

- ----- ....m=1kg A 3m 8 
q=1c 

Dl=<esonance 	 .:L .,Educating for better tomorrow 
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20.45 	 Calculate maximum velocity of the particle with which it should enter so that it complete a half-circle in 
magnetic region: 
(A) 2 mls (6) 2.5 mls (C) 3 mls (D) 4 mls 

20.46 	 In previous question, if particle enters perpendicularly with velocity 48 mls in magnetic region. Then, how 
much time will it spend in magnetic region: 

117t 	 77t 137t 177t 
(A) 360 sec. (6) 360 sec. (C) 360 sec. (D) 360 sec. 

COMPREHENSION # 2 

B 

Curves in the graph shown give, as functions of radial distance r, 

the magnitude 6 ofthe magnetic field inside and outside four long 

wires a, b, c and d, carrying currents that are uniformly distributed 

across the cross sections of the wires. Overlapping portions of the 

plots are indicated by double labels. 


20.47 	 Which wire has the greatest radius? 
, (A) a (B) b (c)c 

20.48 	 Which wire has the greatest magnitude of the magnetic field on the surface? 
(A) a 	 (6) b (C) c (D) d 

20.49-	 The current density in wire a is 
(A) greater than in wire c. 
(6) less than inwire c. 
(C) equl to that in wire c. 
(D) not comparable to that of in wire c due to lack of information. 

COMPREHENSION # 3 
An infinitely long wire lying along z-axis carries a current I, flowing towards positive z-direction. There is no 
other current, consider a circle in x-y plane with centre at (2 meter, 0, 0) and radius 1 meter. Divide the circle 

in small segments and let de denote the length of a small segment in anticlockwise direction, as shown. 

(D)d 

y 

:··~~t'~df . 'I ... 
(2,0,0): x 
.......... 


20.50 	 The path integral f8. de of the total magnetic field 8 along the perimeter of the given circle is, 

(6) ~I (C) /lo I 	 (D)O
2 

B 

20.51 	 Consider two points A{3,O,O) and 6{2,1,O) on the given circle. The path integral J8 . d l of the total magnetic 
A 

field 	B along the perimeter of the given circle from A to 6 is, 

ILO I 	 -1 1 Ito I -1 1 Ito I . -1 1
(A) 	_I"-tan (6) _I"-tan - (C) _I"-sm - (D) 0 


1': 2 27t 2 27t 2 


20.52 	 The maximum value of path integral J8 . de of the total magnetic field 8 along the perimeter of the given 

Circle between any two points on the circle is 

r\} 1 	 I ~Lo I
(A) --- (6) 	 (C) - (D) 0 

12 8 	 6 
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dECTION - V : MATRIX - MATCH TYPE 

~0.53~ 	Abeam consisting"of four types of iposA,B,C ,and,.D enters 13 rE!gi01,1 that contahlsa uniform ,magnetic field 
as shown. The field is perpendicular to the plane of the paper, but its precise directIon is not given: All ions in 
the beam travel with the same speed. The table below gives the masses and charges of the ions. 

r Region containing j 

Magnetic field 

C) 

4 

ION MASS CHARGE, 
A 2m +e 
B 4m. -e ! 

C 2m -e 

~- m +e 

! r4 > ra = r2 > r1 

The ions fall at different positions 1. 2, 3 and 4. as shown. Correctly match the ions with respective falling 
, ' positions. 
( Column-I 	 Column-II 

(A) 	 a (p) 1 
(B) 	 b (q) 2 
(C) c (r) 3
c (D) d (s) 4 


r 
\. 20.54 Three wires are carrying same constant current i in different directions. Four loops enclosing the wires in 

( different manners are shown. The direction of de is shown in the figure:, 

CD Loop-1 

(' 

\ 
 L±:JLOOP_2
\ 

( 

( 

( 	

CO LOOp-3 

d::ct:j Loop-4 

I I I 
r 
\., 

Column-I 	 Column-II 

( (A) 	 Along closed Loop-1 (p) f B.de = 1-10 i 

t (8) Along closed Loop-2 (q) fB.de =-1-10 i 
\~ 

( 
(C) Along closed Loop-3 (r) f B.de =0 

c 
(D) 	 Along closed LoopA (s) net work done by the magnetic force to move a unit chargec along the loop is zero. 

{

"'/ 
(t) f B.de =Ilo (2i) 

(w 

a~~eu~n~~ 	 )I(c~ 
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20.55 	 Column-II gives four situations in which three or four semi infinite current carrying wires are placed in xy-plane 
as shown, The magnitude and direction ofcurrent is shown in each figure. Column-I gives statements regarding .. , 
the x and y com ponents of magnetic field at a pOint P whose coordinates are P (0. 0, d). Match the statements' 
in column-I with the correspondirig figures in COlumn-II 
Column I 

(A) The x com ponent of magnetic field at 
point P is zero in 

(B) The z component of magnetic field at 
point P is zero in 

(C) The magnitude of magnetic field at 

. t P' flo i . 
pOln IS 4nd In 

(D) The magnitude of magnetic field at 

,'V i 
point P is less than 2nd in 

) 
(t) 

20.56 	 A square loop of uniform conducting wire is as shown in figure. Acurrent I 
(in amperes) enters the loop from one end and exits the loop from opposite 
end as shown in figure. The length of one side of square loop is .e metre. 
The wire has uniform cross section area and uniform linear mass density. 
In four situations of column I, the loop is subjected to four different magnetic 
field. Under the conditions of coulmn I, match the column I with 
corresponding results of column II ( Bo in column I is a positive nonzero 
constant) 
Column I 

(A) B= S) in tesla 

(B) B=sol in tesla 

(C)B =So(1 + ]) in tesla 

(D)8=8o k in tesla 

IIl1IResonance _ Educating for better tomorrow 

Column II : Y 

i/3 

(p) --+--+---->0)- .. x 
i/3 

i/3 

: y 

(q) 

:y 

(r) -1::, 
:y 

i ' ..... . x-..~45~
(s) 

.~!I} .. 

: y 

il4 

-x 
i/2 

i/4 

y-+ 

li2 

Column II 

(p) magnitude of net force on loop is ..fi Sol.e 

(q) magnitude of net force on loop is zero 

' 

( 

I 

112 

112 

...... 

It~ x 

( 
\"./. 

/ newton C 

( -'. 
v 

(r) magnitude ofnet torque on loop about its centre is zero 

(s) magnitude of net force on loop is Bol.e newton 

(t) magnitude of force on wire along y axis is Bol £/2 along x axis 

.' . .:. c· 

L 
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20.57 	 A particle enters a space where exists uniform magnetic field B= BxT+ ByI + B)< &uniform electric field 

'E = Ei)+ EyT+EJ with'initial velocity u;;;" uJ+Uy7+uJ. Depending on the values of vanolls cOlTlponents 

the particle selects a path. Match the entries of column A with the entries of column B. The components 

other than specified in column A in each entry are non-zero. Neglect gravity. 

Column -I Column -II
(; 

(A). 	 B = B = E = E = O· u=O (p) circley z x Z I 

(B) 	 E = 0, uxBx + uyBy¢ uzBz (q) helix with uniform pitch and constant radius 

(C) 	 ux B=0, UxE= 0 (r) cycloid 

(D) u.lB, BilE (s) helix with variable pitch and constant radius 

( 


(t) 	 straight line 
( 

f', SECTION - VI : INTEGER TYPE' 
\. . 
( 	 20.58 A uniformly charged ring of radius 10 cm rotates at a frequency of 1()4 rps about its axis. Find the ratio of 

energy density of electric field to the energy density of the magnetic field at a point on the axis at distance 

x 
20 cm from the centre is 10 x 109 then x is . 

( 
20.59 	 A neutral particle is at rest in a uniform magnetic field B . At t = 0, particle decays into tv'lO particles each of 

mass ' m • and one of them having charge 1 q '. Both of these move off in separate paths lying in plane 

( 
\. 	

perpendicular to B. At later time, the particles collide. if this time of collision is X1tm /qB then x is 

(neglecting the interaction force). 
( 
\. 

( 20.60 	 As shown in the figure. three sided frame is pivoted at P and Q and hangs vertically. Its sides are of same 
"

length and have a linear density of J3 kg/m. A current of 10J3 Amp is sent through the frame, which is in 
( 

a uniform magnetic field of 2T directed upwards as shown. Then angle in degree through which the frame will 
{ 

be deflected in equilibrium is: (Take g = 10 m/s2)"

( 
I P Q 

'0;:, 
( 	

~\__Jjl~1( 

( 

(; 

{ 
'\.. 

( 
B!~eC'tt~nC;:r! 	 :. 

C' 

C 
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TOPIC 

1 
ELECTRO MAGNETIC INDUCTION (EMI) 


SECTION - I : STRAIGHT OBJECTIVE TYPE 

21.1 	 In the figure shown a sqtrare loop PQRS of side 'a' and resistance 'r' is 
placed near an infinitely long wire carrying a constant current L The 
sides PO and RS are parallel to the wire. The wire and the loop are in 
the same plane. The loop is rotated by 1800 about an axis parallel to 
the long wire and passing through the mid points of the side QR and 
PS. The total amount of charge which passes through any point of the 

,---... 

f"'. 

Q 	 : R 


: a
[I]: : 	 + 
t 

" ) 

p 	 : s 
a.... : 	 "-s-	 " 

loop during rotation is 

" fa. A) _r_O- £n2 
\ 2nr 

(C) 	~01a2 
2nr 

~ la
(B) _0_ fn2 

nr 

(0) cannot be found bec~use time of rotation not give. 

21.2 	 A wooden stick of length 3£ is rotated about an end with constant angular velocity ro in a uniform 
magnetic field B perpendicular to the plane of motion. If the upper one third of its length is coated with 
copp:x, the potential difference across the whole length of the stick is 

x 

x :j 	iI~~~ 
x 	 X' x ~ x x 

(--'3e 
'Jx 	 xl x IIX x 
/ ' x 	 1. x~x x " ~ 

x 	 x x x x r 
'''-- / 

(A) 9Bro£2 (B) 4Bro.e
2 

(C) 5Brof
2 

(0) Bro£2 	 ('
'-....._/ 

2 	 2 2 2 


21 lloIV b 
fA) - -.en(-)[ ]\ VR 2n a 

1l0 IV £ 	 (b)J'i. V(C\ 	 -- n 
J [ 2n a R 
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FI 

Q 	 o 

110 IV 	 (b)J 1
(8) 	[~.en a R 

(D) 	[1l~:V en (~)] 

/"

'-/ 
(',-j 

r 
'C.7 

( " 
'-' 

( , 
~ 

c 
If " o 

@I c 
".' -..: 

'v 

3DaC c 
. 

",J""\...,.1 
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21.4 	 Rate of increment of energy in an inductor with time in series LR circuit getting charge with battery of e.m.f. 

E is best represented by: [ inductor has initially zero current J 


.' 


u .' .. 'dU 

dU dt 


(A)dt . (8) df (e) 

," ~t~ ~t~ ~ 

t~ t~ 

21.5 	 A wire of fixed length is wound on a solenoid of length 'e' and radius 'r'. Its self inductance is found to be L 
.': ~ , 

Now if same wire is wound on a solenoid of length ~ and radius ~ then the self inductance will beI 

( 
(A) 2 L (8) L 	 (e) 4 L (D) 8 L 

21.6 	 Figure shows three regions of magnetic field, each of area A, and in each region magnitude of magnetic 

field degreases at a constant rate a. If E is induced electric field then value of line integral fE. dr 


I along the given loop is equal to 

\ 

( 

( .'
" 

(A) aA 	 (8) -aA (e) 3aA (D) -3aA 

( 
\. 21.7 In an ideal transformer, the voltage and the current in the primary are 200 volt and 2 amp respectively. 


If the voltage in the secondary is 2000 volt. Then value of current in the secondary will be : 

( (A) 0.2 amp (8) 2 amp (e) 10 amp (D) 20 amp 


( 21.8 A superconducting loop of radius R has self inductance L. A uniform & constant magnetic field 8 is applied '" perpendicular to the plane of the loop. Initially current in this loop is zero, The loop is rotated by 180°. The 

( current in the loop after rotation is equal to
" 
{ 	 81tR2 (C) 2B1tR 2 (D) 81tR

2 

"-. ' (A) zero 	 (8) -L
L 2L 

( 
21.9 	 I n the figure shown the section EDFG is fixed. A rod having resistance I R' is moved with constant velocity in 


a uniform magnetic field 8 as shown in the figure, DE & FG are smooth and resistanceless. Initially capacitor 
C 
is uncharged. The charge on the capacitor. 

( 

"
E 

L 

'" c v 
(
'l. 

®B 	
.' 

f 
\. 

(A) remains constant (8) increases with time 
C (C) increases linearly with time (D) oscillates. 

C 21.10 	 A rectangular loop of sides' a • and I b' is placed in xy plane, A very long wire is also placed in xy plane sucl1 
that side of length' a I of the loop is parallel to the wire. The distance between the wire and the nearest edge 

f 
'~ , 	 of the loop is • d', The mutual inductance of this system is proportional to : 

(A) a (8) b 	 (C) 1/d (D) currentin wire T 

",. 

( . Resonance 	 .:.(" 11Educating for better tomorrow 
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21.11 	 In the figure shown, the magnet is pushed towards the fixed ring along the axis of the ring and it passes 
through the ring. 

\ 

\,. 
A ,B [N s) 

I B & A are right & left 
/ faces respectively 

(A) when magnet goes towards the ring the face 8 becomes south pole and the face A becomes north pole 
(B) when magnet goes away from the ring the face 8 becomes north pole and'the faceA becomes south pole 
(C) when magnet goes away from the ring the face A becomes north pole and the face B becomes south pole 
(D) the face A will always be a north pole. 

21.12 	 Switch S is closed for a long time at t = O. It is opened, then: 
2 	 R2 

d · 	 , R ft . h . h' 1 Le(A) totaI heat pro duce In resistor a er opening t e sWltC IS 2 R2 ~ 
.. 	 .. . 1 Le2 ( R J:I R, :, 

(8) total heat produced In resistor Rl afteropemng the sWitch IS"2 R2 Rl +1R2 CJL: 

2 R j1 
(C) heat produced in resistor Rl after opening the switch is -2 R2 L e 2 1./ 

(Rl +R2 )R e S 

(D) no heat will be produced in R1, 

21.13 	 A rod of length I!. having uniformly distributed charge Q is rotated about one end with constant frequency 'f'. 

Its magnetic moment is. 

nfQf2 (C) 2nfQf!2
(A)nfQ12 (B) -3-	 (D)2nfQ12

3 

21.14 	 A vertical rod of length f. is moved with constant velocity v towards East. The vertical component of the 

earth's magnetic field is 8 and the angle of dip is 8. The induced e.m.f. in the rod is: 

(A) 8 I! 	 v cot 8 (B) B f v sin 8 (C) B f v tan 8 (D) B f v cos 8 

21.15 	 Two identical cycle wheels (geometrically) have different number of spokes connected from centre to rim. 
One is having 20 spokes and other having only 10 (the rim and the spokes are resistanceless). One resistance 
of value R is connected between centre and rim. The current in R will be : 
(A) double in first wheel than in the second wheel 
(8) four times in first wheel than in the second wheel 
(C) will be double in second wheel than that of the first wheel 
(D) will be equal in both these wheels. 

21.16 	 A constant force F is being applied on a rod of length 'l' kept at rest on two parallel conducting rails connected 

~ IIhB 
I. 

F 

at ends by resistance R in uniform magnetic field B as shown. 

(A) the power delivered by force will be constant with time 
(B) the power delivered by force will be increasing first and then will decrease R 
(C) the rate of power delivered by the external force will be increasing continuously 
(D) the rate of power delivered by external force will be decreasing continuously. 

21.17 	 A uniform magnetic field exists in region given by B=31 +4 J+ 5k. A rod of length 5 m is placed along 

y-axis is moved along x - axis with constant speed 1 m/sec. Then induced e.m.f. in the rod will be: 
(A) zero 	 {B} 25 volt (C) 20 volt (0) 15 volt 

21.18 	 In a L-R growth circuit, inductance and resistance used are 1 Hand 20 Q respectively. If at t = 50 
millisecond, current in the circuit is 3.165 A then applied direct current emf is : 
(A) 200 V 	 (8) 100 V 
(C) 50 V 	 (D) Data is insufficient to find out the value. 

D Resonance 	 •rA1 Educating for better tomorrow 
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21.19 	 Figure shows a square loop of side 1 m and resistance 1 n. The magnetic field on left side of line PO has a 
magnitude 8 =1.0T. The work done in pulling the loop out of the field uniformly in 1 sis 

P 
16=0 

)( x 	 )( Xi 

,{ 
x x [j--, 


! 

X X )( ~ 
! 
; 

o 

(A) 1 J (B) 10 J (e) 0.1 J 	 (D) 100J 
" 

21.20 	 A and 8 are two metallic rings placed at opposite sides of an infinitely long straight conducting wire as 
shown. If current in the wire is slowly decreased, the direction of induced current will be : 

/ 
\ 	 (A) clockwise in A and anticlockwise in 8 t 

(8} anUciockwise in A and clockwise in B 	 {;:.:\ {;;\ 
(el clockwise in both A and 8 	 0.J \.V 
(D) anticlockwise in both A & 8 

(' 

\.... 
21.21 A vertical conducting ring of radius R falls vertically with a speed V in a horizontal uniform magnetic 

( field 8 which is perpendicular to the p'lane of the ring: 

( 	 (A) A and 8 are at same potential 

. (8) C and 0 are at same potential 	 A B 

( 
(C) current flows in clockwise direction 

/' (D) current flows in anticlockwise direction " 
( .. 21.22 Two identical conducting rings A & 8 of radius R are in pure rolling over a horizontal conducting plane 

with same speed (of center of mass)u but in opposite direction. A constant magnetic field 8 is present 
'\ 
/ 

pointing inside the plane of paper. Then the potential difference between the highest points of the two 
rings, is:r 

\. 	

.£)C} 
(A) zero (B) 2 Bvr (C)48vr (D) none of these 

(
"-, 

21.23 	 An inductor L and a resistor R are connected in series with a direct current source of emf E. The 
maximum rate at which energy is stored in the magnetic field is : 

( E2 (e) 4E2 (D) 2E2 
(A) 4R 	 (8) -R 

R 	 R 

(.. 21.24 In the circuit shown in figure, the switch S was initially at position 1. After sufficiently long time, the 
switch S was thrown from position 1 to position 2. The voltage drop across the resistor at that instant 

C is: 

L 

C 

{", 
(A) zero (8) E 	 (e) ~ LC (0) none of these 

" ~ 

( m Resonanc:e 	 .~. frA1 Educating for better tomorrow 
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21.25 	 A uniform magnetic field of induction B is confined to a cylindrical regi(!)n of 

radius R. The magnetic field is increasing at a constant rate of ~~ (tesla/ 

second), An electron of charge q, placed at the point P on the periphery of the 
field experiences an acceleration: 

1 eR dB 	 1 eR dB 
(A) 2~dt towards left (B) 2~CIt towards right 

eR dB 
(C) mdt towards left . (D) zero 

2'1.26 	 AB is a resistanceless conducting rod which forms a diameter of a conducting 
ring of radius r rotating in a uniform magnetic field 8 as shown, The resistors 
Rl and R2 do not rotate, Then current through the resistor Rl is : 

Bror2 	 Bror2 

(A) 2Rl 	 (B) 2R2 

Bror2 	 Bror2 

(C) 2R R (Rl + R2 ) (D) 2(R +R )
1 2 	 1 2 

" 

21.27 	 AB 'and CD are fixed conducting smooth rails placed in a vertical plane 
and joined by a constant current source at its upper end, pa is a . 
conducting rod which is free to slide on the rails, A horizontal uniform 
magnetic field exists in space as shown, If the rod PO is released 
from rest then, 
(A) The rod pa will move downward with constant acceleration 
(B) The rod pa will move upward with constant acceleration 
(C) The rod will move downward with decreasing acceleration 
and finally acquire a constant velocity 
(D) either A or B. 

21.28 	 A conducting ring of radius r with a conducting spoke is in pure rolling on a 
horizontal surface in a region having a uniform magnetic field B as shown, v 
being the velocity of the centre of the ring, Then the potential difference 
Vo - V

.4 
is

(B) 3Bvr
(A) 2

Svr 

2 
-Bvr (D) 3Bvr

(C) 	 2 2 

21.29 	 A metallic ring of mass m and radius r with a uniform metallic spoke of 
same mass m and length r is rotated about its axis with angular velocity 00' 
in a perpendicular uniform magnetic field B as shown, If the central end of 
the spoke is connected to the rim of the wheel through a resistor R as 
shown, The resistor does not rotate, its one end is always at the center of 
the ring and other end is always in contact with the ring. A force F as 
shown is needed to maintain constant angular velocity of the wheel. F is 
equal to (The ring and the spoke has zero resistance) 

2S2cor2 (B) B ror2 
(A) -----aR 	 2R 

p 

x x x x x 

x x ':;x xx~x 

l' ~ 

R, 
x x 

x x x x x 

r'~. 

o 
I' 
\ / 

(j 

(" 

(". 

\j 

/" 

( , 

A C 
" , ' 

, 

',~P" _ . .1 i.a 

( -, 

('"' 

\. / 

B D 
( " 

.. r ' ,,-,/ 
~ 

r"
• c5 	 • ~v './ 

• . r' • •@ 
A 

c 
r'v 

(' , 
x x x x x C7 

x c 
~ .x c 

x 
c 

x x x 	 c 
r~ 
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21.30 	 A closed circuit consists of a resistor R. inductor of inductance L and a source of emf E are connected 
in series. If the inductance of the coil is abruptly decreased to Ll4 (by removing its magnetic core), the 
new current immeaiatelyafter this moment.is.: (before. decreasing the inductance the circuit is in 
steady state) 

E 	 E 
(A) zero (B) E/R 	 (C) 4R (0) 4R 

21.31 	 A magnetic field (B), uniform between two magnets can be determined measuring the induced voltage in 
the loop as it is pulledthrough the gap at uniform speed 20 m/sec. Size of magnet and coil is 2cm x 1cm 
x 2cm and 4cm x 6cm as shown in figure. The correct variation of induced emf with time is : (Assume at 
t =0, the coil enters in the magnetic field} : 

r 

" 


( . 

" 

( 

( 	 EE 

0.40B 

0.40B 


(A) 2500 3000 (8) Ik 	 . t(1! sec) 

( 
·0.40B ·0.40B 

EE 

( 

\. 

0.80B 

( 
-------------~ 

(0)(C) 

0.80B 

il 	 t(1! sec) 

C 
-0.80B 

C 
21.32 The plane of a square loop of wire with edge length a =0.2 m is perpendicular to the earth's magnetic C 

field BE at a point where BE =15 f.lT. The total resistance of the loop and the wires connecting it to the 
( 
"-

galvanometer is 0.5 n. If the loop is suddenly collapsed( such that area of the loop becomes zero) by 
horizontal forces as shown, the total charge passing through the galvanometer is : 

( 

\. 


C 
Fe 	 )F( ') " 

( 

C 

C 
I' (A) 0.4 f.lC (8) 0.75 f.lC (C)0.9 f.lC (0) 1.2 f.lC
'" 

c 
. --Resonance 	 )I(C rA1 Educaling for beller lomorrow 	 ~ . 
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21.33 	 A current flows through a rectangular conductor in the presence of uniform magnetic field B pointing out of the 
page as shown. Then the potential difference V p - V0 is equal to. (assume charge carriers in the conductor 
to be positively charged moving with a drift velocity of v) 

...---....... 


( 
-, 
-) 

() 

(A) Bvb (B)-Bvb (C}Bvc (D)-Bvc 	 \ 

i, 
J 

21.34 	 A conducting circular ring and a conducting elliptical ring both are moving pure translationally in a uniform 
magnetic field of strength B as shown in figure on a horizontal conducting plane then potential difference 
between top most points of circle and ellipse is : 

2v 

~-----

2alr:o 

(A) 12 va (B)4 vBa (C)8vBa (D)2 vBa 

21.35 	 A small circular wire loop of radius a is located at the centre of a much larger circular wire loop of radius ( , 
\. ,b as shown above(b»a). Both loops are coaxial and coplanar. The larger loop carries a time (t) varying 

current 1 == 10 cos (j) t, where 10 and co are constants. The magnetic field generated by the current in the ( "

'. Jlarge loop induces in the small loop an emf that is approximately equal to which of the following. 

r-' 
",,-,. 

-' 
2b 

2 	 2 
r'l.1010 ~co cos cot 	 1tfloIo ~(j) sin (j)t

(A) -2 b 	 (B) -2 b 

1t floIo ~ (j) sin rot 	 1tfloIo ~ro cos rot
(C) -2 b2 (D) -2 b2 	 [ , 

~ 

21.36 The number of turns, cross-sectional area and length for four solenoids are given in the following table. C 
r. ' 

2 
3 
4 	

o 

( , 
,~' 

c 
The solenoid with maxim um self inductance is : 
(A) 1 (B) 2 (C) 3 	 (9)4 

c
118~~eC1tt!nS~ 	 )I( 

{)-. 
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'_1.37 	 Assume Earth's surface is a conductor with a uniform surface charge density cr. It rotates about its axis with 
angular velocity (0. Suppose the magnetic field due to Sun at Earth at some instant is a uniform field B 
pointing along earth's axis. Thenthe emfdeveJQP.ed, betwe~,n thE:l2o~.,!!np equ~!orof earth due to this field is. 
(Re=radiusofearth) 	 , ,,' 

1 2	 3 
(A) 2B(OR e (B) B(OR~ (C) 2B(OR; (0) zero 

(;1.38 	 A circuit containing capacitors C1 and C2 as shown in the figure are in steady state with key K j closed. 
At the instant t = 0, if K1 is opened and K2 is closed then the maximum current in the circuit will be : 

(' 20V R 
KI 

C1 =211F C2 =211F 
/ I LI\. 

( ~~K2 
\ 

L=0.2mH 
( 
\. 	 .' 

(A) 1 A 	 (B) ~A (C) 2 A (0) None of these 

21.39 	 In the given circuit having an ideal inductor of inductance L, resistor of resistance R and an ideal cell of 
emf E, the work done by the battery in one time constant after the switch is closed is 

L R
( 

( 

( ~ 
£ s 

( 
f.2 e2L f.2L e2L 


(- (A) - (B) -2e (C) -2 
 (0) eR2R 	 R R 

C 
. SECTION -II : MULTIPLE CORRECT ANSWER TYPE 

I 
\., 

21.40 	 A conducting rod of length .e is moved at constant velocity 'vo' on two parallel, conducting, smooth, ,.
\, ' fixed rails, that are placed in a uniform constant magnetic field 8 perpendicular to the plane of the rails 

as shown in figure. A resistance R is connected between the two ends of the rail. Then which of the
{ 

following islare correct: 

c 
C 

L 
x 

R~ ®B --Vo 
® 

(A) The thermal power dissipated in the resistor is equal to rate of work done by external person 
( " pulling the rod. 

(8) If applied external force is doubled than a part of external power increases the velocity of rod. e (C) Lenz's Law is not satisfied if the rod is accelerated by external force 
(0) If resistance R is doubled then power required to maintain the constant velocity va becomes 

( half. 

~/ II~~~£l~a~--------------------------------. 


http:emfdeveJQP.ed
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21.41 	 In the figure shown 'R' is a fixed conducting fixed ring of negligible 
resistance and radius 'a'. PQ is a uniform rod of resistance r. It is 
hinged at the centre of the ring and rotated about this point in clockwise 
direction with a uniform angular velocity 0). There is a uniform magnetic 
field of strength 'B' pointing inwards. 'r' is a stationary resistance 

(A) Current through 'r' is zero. 

2Broa2 

(8) Current through 'r' is Sr 

(C) Direction of current in external 'r' is from centre to circumference. 
(D) Direction of current in external 'r' is from circumference to centre. 

r ro JEE (Advanced) - RRB c;l! 

'1 roo) I 
" 

Q 

:; 

21.42 	 A circuit consisting of a constant e.m.f. 'E" a self induction 'L' and a resistance 'R' is closed at t = O. The 
relation between the current I in the circuit and time t is as shown by curve 'a' in the figure. When one or more 
of parameters E, R & L are changed, the curve 'b' is obtained.The steady state current is same in both the 
cases. Then it is possible that: 

(A) E & R are kept constant and L is increased. (B) E &R are kept constant and L is decreased 
(C) E & R are both halved and L is kept constant (D) E & L are kept constant and R is decreased 

21.43 In the circuit diagram shown 

(A) time constant is LlR 
(C) steady state current in inductor is 2a/R 

R 
R 

L 

(B) time constant is 2L1R 
(D) steady state current in inductor is aIR 

.' 
21.44 	 A conducting loop rotates with constant angular velocity about its fixed diameter in a uniform magnetic 

field. Whose direction is perpendicular to that fixed diameter. 
(A) The emf will be maximum at the moment when flux is zero. 
(8) The emf wi" be '0' at the moment when flux is maximum. 
(C) The emf will be maximum at the moment when plane of the loop is para"el to the magnetic field 
(D) The phase difference between the flux and the emf is rc/2 

21.45 	 An ideal inductor, (having initial current zero) a resistor and an ideal battery are connected in series at 
time t =O. At any time t, the battery supplies energy at the rate P B' the resistor dissipates energy at 
the rate PR and the inductor stores energy at the rate PL' 
(A) PB ::: P + PL for a" times t. 	 (B) PR < PL for all times t.R 
(C) PR < PL only near the starting of the circuit. (D) P R > P L only near the starting of the circuit. 

SECTION - III : ASSERTION AND REASON TYPE 

21.46 	 Statement-1: Two coaxial conducting rings of different radii are placed in space. The mutual inductance 
of both the rings is maximum if the rings are also coplanar. 
Statement-2 : For two coaxial conducting rings of different radii, the magnitude of magnetic flux in one 
ring due to current in other ring is maximum when both rings are coplanar. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 	 .' 

.8~~e(l~ns~ 	 .. 
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21.47 	 Statement-1: A resistance R is connected between the two ends of the parallel smooth conducting 
rails. A conducting rod lies on these fixed horizontal rails and a uniform constant magnetic field B 
exisfs'perpendicular to the plane of the rails as, shown in theJigure.Jf the.rod. i~t given a .ve,lQ~i.ty.y <!J'l.d. 
released as shown in figure, it will stop after some time. The total work done by magnetic field is 
negative. 

,
ell B F",fixed 

( R~ 
 v 

Statement-2 : If forGe acts opposite to direction of velocity its work done is negative. 
, (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i. 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
," (e) Statement-1 is True, Statement-2 is False 

(O) Statement-i is False, Statement-2 is True 

. 
21.43 Statement.--1 : Consider the arrangement shown below. A smooth conducting rod, CD, is lying on a smooth 

( U-shaped conducting wire making good electrical contact with it. The U-shape conducting wire is fixed and 
lies in horizontal plane. There is a uniform and constant magnetic field 8 in vertical direction (perpendicular 

,( to plane of page in fjgure). If the magnetic field strength is decreased, the rod moves towards right. 
\ 

( 	 .... ~erpendiCUlar 
I 

to page "- TI 

C 

( 
Statement-2 : In th(~ situation of statement-i, the direction in which the rod will slide is that which tends 

'-" to maintain constant flux through the loop. Providing a larger loop area counteracts the decrease in magnetic 
flux. So the rod moves to tho right independent of the fact that the direction of magnetic field is into the page

( 

'- or out of tile page. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i 

( (8) Statement-1 is True, Statemsnt-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 

( (D) Statement-1 is False, Statement-2 is True. 

( 21.49 	 . Statement--1 : No electric current will be present within a region having ufliform and constant magnetic 

field.( 
Statement-2 : Within a region of uniform and constant magnetic field B, the path integral of 

(
'-. magnetic field fS. de along an)' c!osed path is zero. Hence from Ampere circuital law fs. dl = l-loI 

(where the given terms have usual meaning), no current can be present within a region havingc 
uniform and constant magnetic field. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False C 
(0) Statement-1 is Faise, s+..atement-2 is True. 

L 21.50 	 Statement-1: Electric field produced by changing magnetic field is nonconservative. 

Statement-2: For the electric field E induced by a changing magnetic field which has closed lines of 

f force, fE.de=O 
~ 

(A) Statement -1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1. 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for statement-1 
(C) Statement-1 is True, Statement-2 is False 
(0) Staternent-1 is False, Statement-2 is True 

c 11B~~9C'tt~U~r! 	 ,.)1( 

http:ve,lQ~i.ty
http:theJigure.Jf


'l.<.) Physics ~",,,,,,,,, _'''N~'_,,'_'''''''''''' '''''''''''-''"'-'''',-,"""""",-,..,,, '" ~'"'~"""'-'<''''''''.N''''''_''l.<.) JEE (Advanced) - RRB ~ 

SECTION - IV : COMPREHENSION TYPE 

COMPREHENSION # 1 

A fan operates at 200 volt (DC) consuming 1000 W when running at full speed. It's internal wiring has 
resistance 1 O. When the fan runs at full speed, its speed becomes constant. This is because the 

,~,torque due to magnetic field inside the fan is balanced by the torque due to air resistance on the blades 

of the fan and torque due to friction between the fixed part and the shaft of the fan. The electrical power 

going into the fan is spent (i) in the internal resistance as heat, call itP1 (Ii) in doing work against 

\_/ 

internal friction and air resistance producing heat, sound etc., call it P2' When the coil of fan rotates, an 

emf is also induced in the coil. This opposes the external emf applied to send the current into the fan, 

This emf is called back-emf, call it 'e'. 

Answer the following questions when the fan is running at fuJi speed. " 


21.51 	 The current flowing into the fan and the value of back emf 'e' is : 
(A) 200 AI 5 volt (8) 5 A, 200 volt (C) 5 A, 195 volt (0) 1 A , 0 volt 

21.52 	 The value of power 'Pl' is 
(A) 1000 W (B) 975 W (C) 25 W (0) 200W 

21.53 	 The value of power 'P2 is 
(A) 10000 W (B) 975 W (C) 25 W (D) 200 W 

COMPREHENSION # 2 

Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail made of 
wire of resistance 101m, Position of the conducting rod at t:;: 0 is shown. A time t dependent magnetic 
field B :;: 2t Tesla is switched on at t :;: O. 

.. .. .. .. .. ,. .. .. 
.. .. .. .. .. .. to 	 ,.E~ It & .. .. 	

' 

.. .. .." 0 
Conducting&~ .. .. .. iii .. Rod~t .. !" .. .. " .. .. 

~ 1=40crn--?., .. .. <0 .. .. ..'" 

21.54 	 The current in the loop at t =0 due to induced emf is 
(A) 0.16 A, clockwise 	 (8) 0.08 A, clockwise 
(C) 0.08 A, anticlockwise 	 (D) zero 

f·' 

21.55 	 At t:;: 0, when the magnetic field is switched on, the conducting rod is moved to the left at constant \.~ 

speed 5 cmls by some external means. The rod moves perpendicular to the rails. At t :: 2s, induced 
emf has magnitude. 
(A) 0.12 V (8) O.OB V (C) 0.04 V (0) 0.02 V 

21.56 	 Following situation of the previous question, the magnitude of the force required to move the conducting , " 

rod at constant speed 5 cm/s at -the same instant t = 2s, is equal to ~ 

(A)0.16N (B)O.12N (C) O.OB N (D) 0.06N f • 

L 

COMPREHENSION # 3 f' 

A train of mass 100 tons (1 ton:: 1000 kg) runs on a meter gauge track(distance between the two rails L 
is 1 m.) The coefficient of friction between the rails and the train is 0.045. The train is powered by an 
electric engine of 90% efficiency. The train is moving with uniform spe~d of 72 Kmph at its highest c 
speed limit. Horizontal and vertical component of earth's magnetic field are BH :: 10-5T and 
Bv :: 2 x 10-5 T. Assume the body of the train and rails to be perfectly conducting. 

21.57 	 The electrical power consumed by the train is
(A) 1.11 MW (8) 1 MW (C) 0.50 MW (D) 0.90 MW , 

~

11B~~5IClIt~!lS! 	 )r( :C 
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21.58 	 The potential difference between the two rails is 
(A) 100 ~V (8) 200 IN (C) 400 ~V (0)800 IJV 

21.59 	 If now a resist~r of 1'0":3 n is attachedof"between tnerfWbrails.theextra Units bf ene'rgy<'(etectricity) 
consumed during a 324 km run of the train is (1 unit of power =1 kW hour) (assume the speed of train 

to remain unchanged) 
(A) 8 x 10-4 KW hour 	 (8) 8 x 10-5 KW hour 
(C) 8 x 	10-,6 KW hour (0) 8 x 10-7 KW hour 

(; 
SECTION - V : MATRIX - MATCH TYPE ~' 

21.60 	 The figure shows a metallic solid block. placed in a way so that its faces are 

parallel to the coordinate axes. Edge lengths along axis x. y and z are a. band c 

respectively. The block is in a region of uniform magnetic field of magnitude 30m T. 

One of the edge length of the block is 25 cm. The block is moved at 4 mls parallel 
 .I v .. X 
to each axis and in turn, the resulting potential difference V that appears across the 
block is measured. When the motion is parallel to the y axis, V:::: 24 mV; with the 
motion parallel to the z axis. V =36 mV; with the motion parallel to the x axis, V = 

( O. Using the given information, correctly match the dimensions of the block with the Z 

• values given. 
( < Column I Column II 


~ a ~ W~ 


C (8) b (q) 24 cm
< 

(C) 	 c (r) 25 cm 

( 	 bc 
(0) (s) 	 30cm 

a 
(t) 	 26cm 

(, . 21.61 Column-l gives situ.ations involving a charged particle which may be realised under the condition given 
in column-II. Match the situations in column-I with the condition in column-II. 

( Column I Column II 
(A) Increase in speed of a charged particle (p) Electric field uniform in space 


( 
\, 

and constant with time 

(8) Exert a force on an electron initially at rest (q) Magnetiofield uniform in space 


( and constant with time, 

(C) 	 Move a charged particle in a circle with (r) MagnetiC field uniform in space 

uniform speed but varying with time. C 
(0) 	 Accelerate a moving charged particle (s) Magnetic field non-uniform in space 

but constant with timeC 
(t) Electric field non-uniform in space 

( but constant with time. 

21.62 	 A square loop of conducting wire is placed near a long straight current carrying wire as shown. Match the 
( 

statements in column-I with the corresponding results in column-II. 
t" 
~ 

( 	 . .

It QC 

L 
Column-I 	 Column-II 
(A) 	 Ifthe magnitude of current! is increased (p) Induced current in the loop will be clock wise 
(8) 	 If the magnitude of current! is decreased (q) Induced current in the loop will be anticlockwise 
(C) 	 If the loop is moved away from the wire (r) wire will attract the loop 
(0) 	 If the loop is moved towards the wire (5) wire will repel the Jeop 

(t) 	 Torque about centre of mass of loop is zero due 
to magnetie force 

( 
'-.

8~~~D~D5~ 	 ~ 

c 

c 
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SECTION - VI : INTEGER TYPE 

21.63 	 In the figure. a long thin wire carrying a varying current i = io sin rot lies at a distance y above one edge of a 

. . .. 	 '. [B ].. J.loroWo CosSwt t.: 
rectangular wire loop of length l and width W lying in the x-z plane. If A1t in yC +1 emf is 

induced in the loop. Find the value of (A+B+C) 

x 

' 
I	 

.I 

M jw 
L t • Z 

y 

f-·· -',

21.64 	 The magnetic field of a cylindrical magnet that has a pole-face radius 2.8 cm can be varied sinusoidally \. / 

between minimum value 16.8 T and maximum value 17.2 T at a frequency of 60 Hz. Cross section of
1t 

the magnetic field created by the magnet is shown. At a radial distance of 2cm from the axis find the 
amplitude of the electric field (in mN/C) induced by the magnetic field variation. 

~ _/ 

, 
\. 

( 
'.. 

21.65 	 In the figure shown ABCDEFGH is a square conducting frame of side 2m and resistance 1 aim. 
A uniform magnetic field B is applied perpendicular to the plane and pointing inwards. It increases with 
time at a constant rate of 10 Tis. Find the rate at which heat in watt is produced in the circuit, 
AB = BC = CD =BH . 

( .t9: 
 " ./ 
A . G 

21.66 	 A long coaxial cable consists of two thin walled conducting cylinders wit!J inner radius 2cm and outer 
radius 8cm. The inner cylinder carries a steady current 1A, and the outer cylinder provides the return cpath for that current. The current produces a magnetic field between the two cylinders. Find the energy 
stored in the magnetic field for length 1 m of the cable. Express answer in nJ (use in2 =0.7) c 

c 

tm ~esonanc:e 	 • ~rAJ Educating for better tomorrow 
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:~OPIC 
ALTERNATING CURRENT ,; 2 

f-J~---..a!!-----------------:---------

\ SECTION - I : STRAIGHT OBJECTIVE TYPE 

\. 
, \(
( 

An alternating EMF of angular frequency 00 = lcJis applied to a series LCR circuit. Forthis frequencycF·1 

of the applied EMF, 

(1\) The circuit is at 'resonance' and its impedance is made up only of a reactive part 

\. 
( (8) The current in the circuit is in phase with the applied EMF and the voltage across R equals 

this applied EMF 
c (C) The sum of the potential differences across the inductance and capacitance equals the applied 

EMF which is 180° ahead of phase of the current in the circuit 
I,( (0) impedance of the circuit is less than R 

( 

Ie.. 22.2 	 An LCR series circuit with 100 n resistance is connected to an AC source of 200 V and 

angular frequency 300 radians per second, When only the capacitance is removed, the current lags the ( 
voltage by 60°, When only the inductance is removed, the current leads the voltage by 60°. Then the 

( current and power dissipated in LCR circuit are respectively 

( 
\. 

(A) 1A, 200 watt. (8) 1A, 400 watt (C) 2A, 200 watt. (0) 2A, 400 watt. 

( 22.3 A bulb is rated at 100 V,1 00 W , it can be treated as a resistor. Find out the inquctance of an inductor (called 
choke coil) that should be connected in series with the bulb to operate the bulb at its rated power with the 

( 
" 

help of an ac source of 200 V and 50 Hz, 

i1 
( 	 (A) J3 H (8) 100 H (C) J2 H (0) .J3 H 

n 	 n 

( 
22.4 An ac source of angular frequency 00 is fed across a resistor R and a capacitor C in series. The current 

C 	 registered is 1. If now the frequency of source is changed to 00/3 (but maintaining the same voltage), the 
current in the circuit is found to be halved. Then the ratio of reactance to resistance at the original frequency 

( 
00 is 

r:--'( (Pl.) -.j3/5 (8) ../5/3 (C)../2/3 (0)../3/2 

( 
22.S Current in an ac circuit is given by i =3 sin 00 t -;. 4 cos 00 t then: 

( (A) rrns value of current is 5 A. 
(8) mean value of this current in one half period will be 61n. 

( (C) if voltage applied is V = Vm sin oot then the circuit must be containing resistance and capacitance. 

(0) if voltage applied is V =Vm sin oot, the circuit may contain resistance and inductance. 
( 

(.22.6 	 A current source sends a current i = io cos (oot). When connected across an unknown load gives a 

voltage output of, v = va sin (oot + n14) across that load. Then voltage acro~s the current source may be 

brought in phase with the current through it by: ~C 
(A) connecting an inductor in series with the load _ + ~ 

( (8) connecting a capacitor in series with the load ~i "'"' +;;
(C) connecting an inductor in parallel with the load·~ 	 - 'ii'~ 

{ 	 > 
\..--' 	 (D) connecting a capacitor in parallel with the load. 

c rI B~~eD~nS~ 	 )l(
L~ 
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22.7 	 In the circuit diagram sbown, Xc = 100 n, XL :::: 200 n & R = 100 n. The effective current through the 
source is: 

200VU~JC 

(A) 2A 	 (8)2/i A (C) O.SA (0) ..}0.4 A 

22.8 	 For a LCR series circuit with anA.C. source of angular frequency co. \ 

1 
(A) circuit will be capacitive if co > .JLC 

1 
(8) circuit will be inductive if co = .JLC 
(C) power factor of circuit will by unity if capacitive reactance equals inductiv~ reactance 


1 ' 

(0) current will be leading voltage if co > .JLE 

22.9 	 The value of current in two series L C R circuits at resonance is same when connected across a ( 
sinusoidal voltage source. Then: 

( 

(A) both circuits must be having same value of capacitance and inductor 	 \. 

(8) in both circuits ratio of Land C will be same 
(C) for both the circuits XL/XC must be same at that frequency 
(0) both circuits must have same impedance at all frequencies. 

22.10 	 In series L C R circuit voltage drop across resistance is 8 volt, across inductor is 6 volt and across 
capacitor is 12 volt. Then: 
(A) voltage of the source will be leading current in the circuit 
(8) voltage drop across each element will be less than the applied voltage 	

( 
\ 

(C) power factor of circuit will be 4/3 

(0) none of these 

22.11 	 In a black box of unknown elements (L, C or R or any other combination) an AC e 
voltage E =Eo sin(cot +~) is applied and current in the circuit was found to be 
i :::: io sin (cot + tjJ + 1(/4). Then the unknown elements in the box may be: 
(A) only capacitor 	 ,...., 
(8) inductor and resistor both 	 c/
(C) either capacitor, resistor and inductor or only capacitor and resistor " 
(0) only resistor 

('22.12 	 A series AC circuit has resistance of 4 n and a reactance of 3 n. The impedance(Z) of the circuit is 
(A) 5 n (8) 7 n (C) 1217 n (0) 7/12 n 	

( '.

'",-j 
22.13 	 What is the amount of power delivered by the ac source in the circuit shown (in watts). 

XcW2Q ~n 

x.."'SQ R,=6Q I ( . 
-.J 

C 
E".• "'130V 

(A) 500 watt (8) 1014 watt (C) 1514 watt (0) 2013 watt 

-Resonance 	 .: crA1 Educating for better tomorrow 	 . . 
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22.14 	 The secondary coil of an ideal step down transformer is delivering 500 watt power at 12.5 A current. If 
. the ratio of turns in the primary to the secondary is 5 : 1, then the current flowing in the primary coil will 
be: 
(A) 62.5 A (B) 2.5 A (C) SA 	 (D) 0.4 A 

( SECTION - II : MULTIPLE CORRECT ANSWER TYPE 

( . 22.15 Graph shows variation of source emfVand current iin a series RLC circuit, with time. 

o 	 Vii 

( 

( 

(A} The current leads the emf in the circuit. 


( (B) The circuit is more inductive thancapacitive. 
\ 

(C) To increase the rate at which energy is transferred to the resistive load, L should be decreased. 
(D) To increase the rate at which energy is transferred to the resistive lo?d, C should be decreased. 

( 22.16 In the given AC circuit, which of the following is incorrect: 

( 	

[~1:~=I=:r 
( 

\ 
E=100 sin(1001(t+ 1tf2) 

/ 

(A) Voltage across resistance is lagging by 90° than the voltage across capacitor. 
(B) voltage across capacitor is lagging by 1800 than voltage across inductor. ( 
(C) voltage across inductor is leading by 90° than voltage across resistance. 


l (D) Resistance of the circuit is equal to reactance of circuit. 

"'. 2 	 8 

22.17. In the circuit shown, ressitance R = 100 n, inductance L = H and capacitance C = -f!F are 
n 	 . n 

connected in series with an ac source of 200 volt and frequency 'f'. If the readings of the hot wirec voltmeters V1 and V2 are same then: 

(' 

( 
.>R 

c 

c 
 (A) f= 125 Hz 	 (B) f = 250 n Hz 

(C) current through R is 2A 	 (D) V1 =V2 =1000 volt t: 
SECTION - III : ASSERTION AND REASON TYPE 

22.18 	 Statement-1: The D.C. andAC. both can be measured by a hot wire instrument. 
Statement-2 : The hot wire instrument is based on the principle of magnetic effect of current. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 

l (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 

c 	 IIIIIResonance •r:&1 Educating for better tomorrow 
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22.19 	 Statement-1: In a series R,L,C circuit ifVR, V
L
, and Vc denote rms voltage across R, Land C repectively 

and Vs is the rms voltage across the source, then VS=VR + V
L 

+ Vc' 

c:::~1 
Statement-2 : In AC circuits, kirchoff voltage law is correct at every instant of time. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 (\ 

(C) Statement-1 is True, Statement-2 is False 	 " ) 

(D) Statement-1 is False, Statement-2 is True. 	 " 

22.20 	 Statement-1: The electrostatic energy stored in capacitor plus magnetic energy stored in inductor will 
always be zero in a series LCR circuit driven by ac voltage source under condition of resonance. 
Statement-2 : The complete voltage of ac source appears across the resistor in a series LCR circuit 
driven by ac voltage source under condition of resonance. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
{8} Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 

22.21 	 Statement-1: An inductor is connected to an ac source. When the magnitude of current decreases in 
the circuit, energy is absorbed by the ac source. 
Statement-2 : When current through an inductor decreases, the energy stored in inductor decreases. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 
(D) Statement-1 is False, Statement-2 is True. 

SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 

In a series L-R circuit, connected with a sinusoidal ac source, the maximum potential difference across L 
and R are respectively 3 volts and 4 volts. 

(.' 
\ , 

22.22 	 At an instant the potential difference across resistor is 2 volts. The potential difference in volt, across the 
inductor at the same instant will be : 
(A) 3 cos 30 0 (8) 3 cos 60 0 (C) 6 cos 45 0 (D) 6 

( , 
~J 

22.23 	 At the same instant, the magnitude of the potential difference in volt, across the ac source will be 
(A) 3 cos 6]0 (8) 5 sin 6]0 (C) 6 cos 9]0 (D) 0 	 (,-, / 

22.24 	 If the current at this instant is decreasing the magnitude of potential difference at that instant across the ac 
source is '-> 

(A) Increasing (8) Decreasing (C) constant (D) cannot be said 	 ( 

'-> 
Comprehension # 2 

c 
An ac generator G with an adjustable frequency of oscillation is used in the circuit, as shown. 

(
'-j 

R=100Q 
t-"-j

L,=1.6mH 

C,=3IlF c=2 

4.51lF 

(~C3=2.5IlF 
G(S 

{
,'-/ 

L2=2.4mH ,',' . 

" ~ 

L 
.,B~~9Qtt~n~~ 	 )I( 

c 
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22.25 	 Current drawn from the ac source will be maximum if its angular frequency is

, (Al1Q5rc:ld/s (6) 104 rad/s (C) 5000 rad/s (D) 500 rad/s 


22.26 To increase resonant frequency of the circuit. some of the changes in the circuit are carried out. Which 

change(s) would certainly result in the increase in resonant frequency?

(' 
 (A) R is increased. (B) L1 is increased and C1 is decreased. 


{' (C) L2 is decreased and C2 is increased. (D) C3 is removed from the circuit. 

\ 

(',22.27 If the ac source G is of 100' V rating at resonant frequency of the circuit, then average power supplied 
" ) 

by the source is 
(A)5O'W (B,100W (C)500W (D)1000W 

~22.28 Average energy stored by the inductor L2 (Source is at resonance frequency) is equal to 
(A) zero (B) 1.2 mJ (C) 2.4 mJ (D) 4 mJ

( 

, 22.29 Thermal energy produced by the resistance R in time duration 1 ~s, using the source at resonant 
~ condition, is 

(A) aJ 	 (B}1 flJ( 
(C) 100 ~J (D) not possible to calculate from the given information 

( 
SECTION· V : MATRIX - MATCH TYPE 

r 

" 22.30 In Column I, variation of current i with time t is given in figures. In column II root mean square current inns. and 
( average current is given. Match the column I with corresponding quantities given in Column II 

Column I Column II 
/' 

\ 

( 
io 

(A) (p) inns = .J3 
( 

C 

( 

.C (q) Average current for positive half cycle is io(B) 

C 
-i. 

( 

io I 

(C) 	 (r) Average current for positive half cycle is ~ c 	 iTIZ T01 	 i 

( 	 -i. 

'" 

io I 	 I ! 
(s), Full cycle average current is zero. (D) f--rH. 

r
\., 

(t) Root mean square value of current for positive 
c half cycle is io 

c II B~~eQtt~nS! 	 .. 

C 
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22.31 	 Four different circuit components are given in each situation of column-I and all the-components are 

connected across an AC source of same angular frequency Q) =200rad/sec. The information of phase 

difference between the current and source voltage in each situationoi column-I is given in column-II. 

Match the circuit components in column-I with corresponding results in column-II. 

Column - I 

(A)--WJM-------1 f 
Ion 500 !IF 

(B)---~ 
SH 

(C)--~ II 
4H 3!!F 

(0) 	 WIM ~06 
Ikn 5H 

SECTION - VI : INTEGER TYPE 

Column - II 

(p) the magnitude of reql.i'ired phase difference is ~. \ 

/-". 

/ 

(q) the magnitude of required phase difference is ~. Ie' "\ 

" 
(r) the current leads in phase to source voltage. 

(s) the magnitude of required phase difference is zero. 

r"(t) the current lags in phase to source voltage. \. 

2lt 
22.32 	 Find the average value of current from t =0 to t == - if the current varies as i == I sin (Ot . 

(0 	 m 

22.33 	 An inductor (XL = 2n). a capacitor (xc = an) and a resistance (an) are cc{nnected in series with an AC 

source. The voltage output ofAC source is given byv = 10 cos 100ltt, then the impedance ofthe circuit (inn). \. / 

an 
B 

22.34 	 In previous question the instantaneous p.d. between A and B when it is half of the voltage output from source 

at that instant is 5'x 
volt then x is. 

e 
22.35 	 In an AC circuit the potential differences across an inductance and re§istance joined in series are 

{'" 
v 

respectively 16 V and 20 V. The total potential difference across the circuit is "5X 
then X is : ./ '-: 

G 

Resonance 	 ~ 
Educating for better tomorrow c'
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,36 The voltage time (V - t) graph for triangular wave having peak value. Vo is as shown in figure. 

The rms value OfV in time interval from,t =0 to :' is ~V then. X is: ,. 

I' 
\ 

( 

c' 	 -V.'"'''''''''''' 

?~,37 	 In the circuit diagram shown. Xc = 100 n, XL = 200 nand R = 100 n, The effective current through the 
( 	

source is .IN ' then N is : 
{ , 

c 
{ 

\ 

\ 	

20wf tR t
( 

72.38 	 An LCR series circuit with 100 n resistance is connected to an AC source of.200 V and angular frequency 
\ 	 300 radians per second, When only the capacitance is removed. the current lags behind the voltage by 60°, 

When only the inductance is removed, the current leads the voltage by 60°. Calculate the average power 
disSipated in LCR circuit in watts. 

~2.39 In the LCR circuit shown if only L is removed. the current leads the supply voltage by 30°. If only C is 

( SOx 
removed. the current lags the voltage by 60°. The resonant frequency is J31f. Hz, then write the value of 'x'. 

( 
100n 

( 
\" 	 C 

c 
200V' 

300rad/s 

( 

( ~2.40 A series RLC, AC circuit operates at half its resonant frequency and at a power factor of O.B. Then write the 

( . Xc 
ratio of R : 

( 

( " 

( 

c 
c 

c 	 Resonance .::l,'. Educating for better tomorrow 
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TOPIC 

23 
 MODERN PHYSICS 


SECTION - I : STRAIGHT OBJECTIVE TYPE 

23.1 	 In an a-decay the Kinetic energy of a particle is 48 MeV and Q-value of the reaction is 50 MeV. The mass 
number of the mother nucleus is:- (Assurne that daughter nucleus is in grouAd state) 

(A) 96 	 (8) 100 (C) 104 (0) none of these 

23.2 	 A sample of radioactive material decays simultaneously by two processes A and 8 with half lives 

i and ±hr respectively, For first half hour it decays with the process A, next one hr with the process 8 and 

for further half an hour with both Aand 8. If originally there were No nuclei, find the number of nuclei after 2 hr 
of such decay, 

No No No No 	 ! 

" (A) 	(2)8 (8) (2)4 (C) (2)8 (0) (2)5 
, 

23.3 	 In which of the following process the number of protons in the nucleus increases, 
(A) a 	 decay (8) ~- - decay (C) ~+ - decay (0) k - capture 

23.4 	 The angular momentum of an electron in first orbit of Li++ ion is : 
.,--, 

3h 9h h h 

(A)2n (8) 211: (C) 2n (0) 6n 


I 

23.5 	 A radioactive nucleus' X • decays to a stable nucleus • Y', Then the graph of ~ate of formation of' Y' against 
time' t ' will be : 

(AlL 8l C (elk (Olb.
(

- t - t - t 	 - t 

23.6 	 A heavy nucleus having mass number 200 gets diSintegrated into two small fragments of mass number 80 
and 120, If binding energy per nucleon for parent atom is 6,5 M eV and for daughter nuclei is 7 MeV and 8 
MeV respectively. then the energy released in the decay will be: "-' 
(A) 200 MeV (8) 220 MeV (C) 220 MeV (0) 180 MeV 

23.7 	 If first excitation potential of a hydrogen like atom is V electron volt. then the ionization energy of this atom 

will be: 
{--"'. 

V(A) V electron volt 	 (8) 43V 
electron volt 

4V 
(C)3 electron volt 	 (D) cannot be calculated by given information. 

.. 

IIltI ~esonance 	 )I(raJ Educating for better tomorrow 
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23.8 All etectrons ejected from a surface by incident light ofwavelength 200 nm can be stopped before travelling 
1 m in the direction of uniform electric field of 4 N/C. The work function of the' surface is: 
(A) 4 eV, (B) 6.2 ,eV (C) 2 eV (0) 2.2 eV 

23.9 	 An electron of mass' m', when accelerated through a potential V has de-Broglie wavelength A.. The de
Broglie wavelength associated with a proton of mass M accelerated through the same potential difference 
will be: 

" 

\ 

( 

, 

(A) A. ~ (B) A. ~ (C)A.(~) (0) A. (ru 

CJ 23.10 Two hydrogen atoms are in excited state with electrons residing in n =2. First one is moving towards left and 

emits a photon of energy E1 towards right. Second one is moving towards right with same speed and emits 
( 
\ a photon of energy E2 towards right. Taking recoil of nucleus into account during emission process 

(A) E1 > E2 (B} E1 < E2 (C) E1 =E2 (0) information insufficient 
L __ ~ , 

23.11 	 In a hydrogen atom following the Bohr's postulates the product of linear momentum and angular momentum 
( 

is proportional to (nY where 'n' is the orbit number. Then 'x' is : 
(A) 0 	 (B) 2 (C)-2 (0) 1 

r 
\ 

23.12 The voltage applied to an X-ray tube is 18 k\l. The maximum mass of photon emitted by the X-ray tube will be: 
( 
\ , (A) 2 x 10-13 kg (B) 3.2 x 10-36 kg (C) 3.2 X 10-32 kg (0) 9.1 X 10-31 kg 

( 	 4 1 
\. 23.13 	 The wavelengths of Ka x-rays of two metals 'A' a~d 'B' are 1875 Rand 675 R respectively, where 'R' 
( 
\ is Rydberg's constant. The number of elements lying between 'N and 'B' according to their atomic 

numbers is 
\
/ 

(A) 3 (B)6 (C)5 (0)4 

f ' 
\, 23.14 	 One of the lines in the emission spectrum of lj2+ has the same wavelength as that of the 2nd line of 

Balmer series in hydrogen spectrum. The electronic transition corresponding to this line is : 
( (A) n == 4 -)0 n == 2 (B) n = 8 -',> n = 2 (C) n == 8 -',> n == 4 (0) n == 12 -',> n == 6 

( 
23.15 	 If the short wavelength limit of the continuous spectrum coming out of a coolidge tube is 10 A. then the " debroglie wavelength of the electrons reaching the target metal in the coolidge tube is approximately 

(A) 0.3 A (B) 3 A 	 (C) 30 A (0) 10 A 

( , 23.16 The photon radiated from hydrogen corresponding to 2nd line of Lyman series is absorbed by a hydrogen 
like atom 'X' in 2nd excited state. As a result the hydrogen like atom 'X' makes a transition to nth orbit. 

C Then, 
(A) X == He, n = 4 (B) X == U++, n == 6 (C) X == He+, n == 6 (0) X = UH 

, n == 9 
( 

23.17 	 In a photoelectric experiment, with light of wavelength A., the fastest electron has speed v. If the exciting 
( 
'\. 

wavelength is changed to 3: ' the speed of the fastest emitted electron will become 
C 

(3 f4 	 (3. [4
( (A) v 1/4 (B) v 1/3 (C) less than v 1/4 (0) greater than v 1/3 

C 23.18 	 An element X decays, first by positron emission and then two a-particles are emitted in successive 
radioactive decay. If the product nuclei has a mass number 229 and atomic number 89, the mass C· number and atomic number of element X are 
{A}237,93 (B)237, 94 (C)221, 84 (0)237,92 

23.19 	 1.5 MW of 400 nm light is directed at a photoelectric cell. If 0.10% of the incident photons produce 
(, 

photoelectrons. the current in the cell is 

i (A) 0.36 IJA (B) 0.48 IJA (C) 0.42 mA (0) 0.32 mA 
,,", 

IJlII ~esonance 	 .:(j ~ Educating for better tomorrow 
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23.20 	 The element which has a ka x-rays line of wavelength 1.8 Ais 

(R =1.1 x 107 m-1, b =1 and .J5/33 = 0.39) 

(A) Co, Z =27 (B) Iron, Z =26 . (C) Mn, Z = 25 (D) Ni, Z =28 
23.21 	 YVhen an electron accelerated by potential difference U is bombarded on a specific metal, the emitted 

X-ray spectrum obtained is shown in adjoining graph. If the potential difference is reduced to Uf3, the 
correct spectrum is 

.' 

"~m 2.5;"'", X-ray wavelength l 

I 

, (8) I(A) .:; 	 _. (C) 

l 

~ A 	

(D)'L,~	 --'--_~ J..(A) Iv (8) 	 (0) 

23.22 	 In the hydrogen atom. an electron makes a transition from n = 2 to n = 1. The magnetic field produced 
by the circulating electron at the nucleus 
(A) decreases 16 times 	 (B) increases 4 times 
(C) decreases 4 times 	 (D) increases 32 times 

23.23 	 90% of a radioactive sample is left undecayed after time t has elapsed. What percentage of the initial 
sample will decay in a total time 2t. 
(A) 20% (B) 19% (G) 40% (D) 38% 

23.24 	 A radioactive element Xconverts into another stable elementY. Half life ofX is 2 hrs. Initially only X is present. 
After time t. the ratio of atoms of X and Y is found to be 1 : 4, then t in hours is : 
(A) 2 (B) 4 	 (C) between 4 and 6 (D) 6 

23.25 	 An electron in a hydrogen atom makes a transition from first excited state toground state. The equivalent 
current due to circulating electron 
(A) increases 2 times (B) increases 4 times (C) increases 8 times (D) remains the same 

SECTION -II: MULTIPLE CORRECT ANSWER TYPE 

23.26 	 When a hydrogen atom is excited from ground state to first excited state then 
(A) its kinetic energy increases by 10.2 eV. (B) its kinetic energy decreases by 10 .2 eV. 
(C) its potential energy increases by 20.4 eV. (D) its angular momentum increases by 1.05 x 10-34J-s. 

23.27 	 In an x-ray tube the voltage applied is 20KV. The energy required to remove an electron from L shell is 19.9 
KeV. In the x-rays emitted by the tube 
(A) minimum wavelength will be 62.1 pm 
(B) energy of the characterstic x-rays will be equal to or less than 19.9 KeV 
(C) L x-ray may be emitted 

0: 

(D) La x-ray will have energy 19.9 KeV 

Ke 2 

23.28 	 Suppose the potential energy between electron and proton at a distance r is given by --3-' Application
3r 

of Bohr's theory to hydrogen atom in this case shows that 
(A) energy in the nth orbit is proportional to n6 

(B) energy is proportional to m-3 (m : mass of electron) 
(C) energy of the nth orbit is proportional to n-2 

(D) energy is proportional to m3 (m = mass of electron) 	 .' 

" '. 

( 

f 

a~~~ 	 •!':AI Educating for better tomorrow 
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23.29 LetA	 be the area enclosed by the nth orbit in a hydrogen atom. The graph of fl.n(An/A ) againsl fl.n(n)n 	 1

(A) will pass through origin 
(8) will be a straightlinewithslope 4 
(C) will be a monotonically increasing nonlinear curve 
(D) will be a circle 

SECTION - III : ASSERTION AND REASON TYPE 

23.30 Statement-1: Though light of a single frequency (monochromatic light) is incident on a metal, thec 
energies of emitted photoelectrons are different. 

Statement-2 : The energy of electrons just after they absorb photons incident on metal surface may be 

lost in collision with other atoms in the metal before the electron is ejected out of the metal. 


( (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True: Statement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 	 .' 
(D) Statement-1 is False, Statement-2 is True. 

(' 

\, 23.31 	 Statement-1: The de-Broglie wavelength of a molecule (in a sample of ideal gas) varies inversely as 
the square reot of absolute temperature. 


\, 
Statement-2 : The rms velocity of a molecule (in a sample of ideal gas) depends on tempemture. 


Ie 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for State dent-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

c· (C) Statement-1 is True, Statement-2 is False 
\. 

(D) Statement-1 is False, Statement-2 is True. 
( 
\ 23.32 	 Statement-1: Heavy nuclides tend to have more number of neutrons than protons. 

Statement-2 : As there is coulombic repulsion between protons, so in heavy nuclei, excess of neutrons are 
preferable. 
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 


( (8) Statement-1 is True, Statement-2 is True; Statement-2 is NOTa correct explanation for Statement-1 

(C) Statement-1is True, Statement-2 is False 


( (D) Statement-1 is False, Statement-2 is True. 


(' 
\. 

23.33 	 Slatement-1: zXA undergoes 2 a decays, 213 decays (negative [3) and 2 y decays. As a result the 

daughter product is Z-2 yA-8 .( 
Statement-2 : In (X. decay the mass number decreases by 4 unit and atomic number decreases by 2 unit. 

f ...... In 13 decay (negative (1) the mass number remains unchanged and atomic ~umberincreases by 1 unit. In 
y decay, mass number and atomic number remains unchanged. 

( (A) Statement-1 is True, statement-2 is True; Statement-2 is a correct explanation for Statement-1 
(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

( (C) Statement-1 is True, Statement-2 is False 
(O) Statement-1 is False, Statement-2 is True. 

( 
SECTION - IV : COMPREHENSION TYPE 

( ComprehenSion # 1 

The radionuclide 56Mn is being produced in a cyclotron at a constant rate P by bombarding a maganese 
target with deutrons. s6Mn has a half life of 2.5 hours and the target contains large number of only the 

t stable maganese isotope ssMn. The reaction that produces 5sMn is : 
... ~ sSMn + d -,) 56Mn + p 

After being bombarded for a long time, the activity of s6Mn becomes constant equal toC: 13.86 x 1010 (Use Pn2 ::::: 0.693; Avogadro No 6 x 1023
; atomic weight 56Mn = 56 gm/mole) 

L 23.34 At what constant rate P, s6Mn nuclei are being produced in the cyclotron during the bombardment? 
(A) 2 )( 1011 nucleils {8} 13.86 x 1010 nuclei/s 

( (C) 9.6 x 1010 nucleUs (O) 6.93 x 1010 nuclei/s 

23.35 	 After the activity of sSMn becomes constant, number of 56Mn nuclei present in the target, is equal to 
1014(A) 5 x 1011 (8) 20 )( 1011 (C) 1.2 lI. (D) 1.8 )( 1015 

'l, 

-Resonance 	 ')1(I'AIII1 Educating for better tomorrow 
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23.36 	 After a long time bombardment, number of 56Mn nuclei present in the target depends upon 
(a) the number of 56Mn nuclei present at the start of the process, 
(b) half life of the 56Mn 
(c) the constant rate of production p~ 	

" 

(A) All (a), (b) and (c) are correct (B) only (a) and (b) are correct 
(C) only (b) and (c) are correct 	 (0) only (a) and (c) are correct 

"Comprehension # 2 

Pertain to the statement and diagram below: 

The figure given shows an energy level diagram for the hydrogen atom. Several transitions are marked as I, 
II, III, . The diagram is only indicative and not to scale. 

"23.37 	 In which transition is a Balmer series photon absorbed? 
~ll ~m ~N (0) VI 	

/ ' 

23.38 	 The wavelength of the radiation involved in transition II is 
(A) 291 nm (B) 364 nm (C) 487 nm (0)652 nm " 

23.39 	 Which transition will occur when a hydrogen atom is irradiated with radiation of wavelength 103nm? 
(A) I (B) II (C) IV (0) V 	

/ ' 
,- _/ 

SECTION - V : MATRIX - MATCH TYPE 

23.40 	 In the shown experimental setup to study photoelectric effect, two 
conducting electrodes arc enclosed in an evacuated glass-tube as shown. 
Aparallel beam of monochromatic light, falls on photosensitive electrodes. 
The emf of battery shown is high enough such that all photoelectrons ejected 
from left electrode will reach the right electrode. Under initial conditions 
photoelectrons are emitted. As changes are made in each situation of 
column I; Match the statements in column I with results in column II. 

I ~. 

Column-I 	 Column-ll ~, 

(A) 	 If frequency of incident light is increased (p) magnitude of stopping potential . 
keeping number of photons per second constant will increase 

(B) 	 If frequency of incident light is increased (q) current through circuit may stop 

and number of photons per second is decreased. c 
(C) 	 If work function of photo sensitive (r) maximum kinetic energy of ejected 

electrode is increased photoelectrons will increase o 
(0) 	 If number of photons per second of incident light 

is increased keeping its frequency constant (s) saturation current will increase 

(t) 	 saturation current will decrease i 
'-7 
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:' 23.41 	 In column-f, consider each process just before and just after it occurs. Initial system is isolated from all 
other bodies. Consider all product particles (even those having rest mass zero) in the system. Match 
the system in,columO:,:I with th~result they produce in column-II. 

Column-I 

(A) Spontaneous radioactive decay of an (p) 
uranium nucleus initially at rest 

. b t' 2"8U 234Th 4Hasglven 	 yreaclon 92 ~ 90 + 2' e+ ... 

c (B) Fusion reaction of two hydrogen nuclei 

, b t" 1H' 2Has given y reac Ion 1H + 1 ~ 1 + ..... 

(C) Fission of U235 nucleus initiated by a 
thermal neutron as given by reaction 

1on+ 235U
92 ~ 144B 89K 31 

56 a+ 36 r+~on+ ... 

(0) 13  decay (negative beta decay) 

( 

SECTION - VI : INTEGER TYPE 
( 

(q) 

(r) 

(s) 
(t) 

. 

Column.:rr 

Number of protons is increased 

Momentum is conserved 

Mass is converted to energy 
or vice versa 

Charge is conserved 
No. of protons is decreased 

~ 
( 23.42 	 Photons of energy 5 eVare incident on cathode as shown in the figure. 
". 	 Electrons reaching the anode have kinetic energies varying from 


6eV to 8eV. Find the work function of the metal in ev. & state whether the

( 

current in the circuit is less than or equal to saturation current. C~;:J
.' 5V 

( 23.43 Consider a nuclear reaction A + B -> C. A nucleus 'P\ moving with kinetic energy of 5 MeV collides with a 
\ nucleus 'B' moving with kinetic energy of 3 MeV and form a nucleus 'C' in excited state. The kinetic energy 

"
/' 	

of nucleus 'C' just after its formation is 2~5 MeV then x is and it is formed in a state with excitation energy 
( 

\. 	 10 MeV Take masses of nuclei of A, Band C as 25.0, 10.0, 34.995 amu respectively. 1 amu = 930 MeV/c2• 

I' ,23.44 A sample has two isotopes A150 and B having masses 50 g and 30 g respectively. A is radioactive and 8 is 
" stable. A decays to A' by emitting a particles. The half life of A is 2 hrs. Find the mass of the sample after 4 
(' hour in gm, 
'( 

23.45 A radioactive source, in the form of a metallic sphere of radius 10-2 m emits l3-particles at the rate of 

C 	 5 x 1010 particles per second. The source is electrically insulated. How long in f1-sec.wUl it take for its 
potential to be raised by 2 volt, assuming that 40% of the emitted ~-particles escape the source. 

( 
23.46 	 magnitude of Q value of the reaction is x/10 mev. then x is 


0 17 + P
( 	 N14 + a ~ 

The masses of N14, He4 , Hi, 0 17 are respectively 
! 
'-	 14,00307 u, 4.00260 U, 1.00783 u and 16.99913 u. 

(, 23.47 In previous question the total kinetic energy ofthe products if the striking a partide has the minimum kinetic 
\. 

energy required to initiate the reaction is xl100 mev. then x is. 

( 23.48 	 A sample of hydrogen atom gas contains 100 atoms. All the atoms are excited to the same nth excited 

4800 
state. The total energy released by all the atoms is 49Rch (where Rch =13.6 eV), as they come to 

c the ground state through various types of transitions. Find then maximum energy of the emitted photon 
is x/49 Rch. then x is : 

( .. 23.49 Value of 'n' in previous question. 

23.50 In previous question, maximum total number of photons that can be emitted by this sample. 

C .Resonance 	 .: 
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TOPIC 

24 	 GEQI\JIETRICAL,OPTlCS .. 

SECTION - I : STRAIGHT OBJECTIVE TYPE 

24.1 	 I n the figure shown a person A8 of height 170 cm is standing infront of 
a plane mirror. His eyes are at height 164 cm. At what distance from P 
should a hole be made in the mirror so that he cannot see the top of U
his head. 	 B P 
(A) 167 cm (8) 161 cm (C) 163 cm (0) none ofthese 

24.2 	 I is the image of a point object 0 formed by spherical mirror, then which of the following statement is incorrect: 
(A) If 0 and I are on same side of the principal axis, then they have to be on opposite sides of the mirror. 
(8) If 0 and I are on ,opposite side of the principal axis, then they have to be on same side of the mirror. 
(C) If 0 and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as well. 
(0) If 0 is on principal axis then I has to lie on principal axis only. 

24.3 	 An object and a plane mirror are shown in figure. Mirror is moved with velocity Vas shown. The velocity 
of image is: 

Object (fixed) V 

f--nrnJJJfl'~nm 
Mirror 

(A) 2 V sinO (B) 2 V 	 (C) 2V cosO (D) none of these 

24.4 	 Two plane mirrors are joined together as shown in the figure. Two point 
objects 0 1 and 02 are placed symmetrically such that AO1 ::. A02. The 
image of the 
two objects is common if: 
(A) 0 =60° (8) 0 == 90° 
(C) e == 30° (D) 0 = 45° 

24.5 	 The following figure represents a wave frontAB which passes from 
air to another transparent medium and produces a new wave front 
CO after refraction. The refractive index of the medium is (PQ is 
the boundary between air and the medium). 

Q 
cose l 	 cos04 

(A) cos04 (8) COSOl 

Q 

24.6 	 A man starting from point P crosses a 4 km wide lagoon and Land 
reaches point Q in the shortest possible time by the path shown 6km 

in the figure. If the person swims at a speed of 3 km/hr and "'""""'-'~!-':~'''--'~~~''-''''
walks at a speed of 4 km/hr, then his time of journey is (J.lsalt §~~~~~~~-~~~§~~~~§§§~~~g§~§~~ 

~ : ~ ::: : : ~ ~ --LAGOON-- : : : : : : 
water = 4/3) : i~§~:F: hSaltwater lakenHE(A) 4hr, 10 min. (8) 4 hr and 30 min. 	 - _1Jl~,- -: ::::: ~ ~ ~:::: ~::::::.;";'; ...1:.. .,..::_: ........... ::_:~_ ..... ::: ... : ... 

(C) 3 hr and 50 min (0) 5 hr and 10 min. 	 p 

.' 

c 

\ I 

(' ,
\ ' 

I' , 

\ < 

c 

24.7 A mango tree is at the ban k of a river and one of the branch of tree extends over the river. A tortoise lives 
in the river. A mango falls just above the tortoise. The acceleration of the mango falling from tree 
appearing to the tortoise is (Refractive index of water is 4/3 and the tortoise is stationary) 

c 
c 

(A)g 

II8!~9tl'?rn~r~ 

(S) 3g 
4 

4g 
(C) "3 (I?) None of these 

)I( 
··c 
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24.8 	 In the figure ABC is the cross section of a right angled prism and 

ACDE is the cross section of a glass slab. The value of e so that 

light incident normally on the face AB does not cross the face AC 

is (given sin-1 (3/5) =37°) 

(A) e~ 37° (B). e< 37° 
(C) e::;; 53° (D) e< 53° 

( 

\ 24.9 Refractive index of a prism is If and the angle of prism is BO°. The minimum angle of incidence 

of a ray that will be transmitted through the prism is : 
(A) 300 	 (B) 45° (C) 150 (D) 50° r 

" 
LC-24.10 For a prism kept in air it is found that for an angle of incidence 60°, the angle of refraction 'A', angle of .1

deviation' 8' and angle of emergence 'e' become equal. Then the refractive index of the prism is 

( 
(A) 1.73 (B)1.15 {C)1.5 (D) 1.33 

\ 

24.11 	 As shown in the figure The observer 'a' sees the distance AB as infinitely large. If refractive index of 

liquid is Jl1 	 and that of glass is Jl2' then ~: is: 
( 
\ 

( 

( 
\ ~ 

° 
II' ,:,:,:,:,:,:,~;,,",.~:.~:,:.:.:,:.:":',~ 

E 
to 
co· 
II 
c 

o 

(A) 2 	 (B) 1/2 (C) 4 (D) None of these 

24.12 A transparent cylinder has its right half polished so as to act as a 

( 

mirror. A paraxial light ray is incident from left, that is parallel to principal 
" axis, exits parallel to the incident ray as shown in the figure, The 

\ 
F 

refractive index n of the material of the cylinder is : 


C 	 (A) 1.2 (B) 1.5 
" 

(C) 1.8 	 (D) 2.0 
( 

24.13 	 In the figure shown, the image of a real object a is formed at paint 1. AB is the principal axis of the 
( mirror. The mirror must be: 
" 

I d1 >d2C °ld1 l d , 
A 	 B 

(A) concave & placed towards right of I (B) concave & placed towards left of I 
(C) convex & placed towards right of I (D) convex &placed towards left of I. 

L 24.14 	 Two blocks each of mass m lie on a smooth table. They are attached 
to two other masses as shown in the figure. The pulleys and strings 
are light. An object a is kept at rest on the table. The sides AB & 
CD of the two blocks are made reflecting. The acceleration of two 
images formed in those two reflecting surfaces w.r.t. each other 

lis: 
(A)5gIB (B}5g/3 
(C) g/3 	 (D) 17 glB 

(,Resonance 	 .: .L. rI Educating for better tomorrow 
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24.15 	 The figure shows a parallel slab of refractive index n which is surrounded by media of refractive indices n1and
2 

n3. Light is incident on the slab at angle of incidence e(* 0). The time taken by the ray to cross the slab is: . 
't1' if incidence is from 'n1' and it is \' if the incidence is from 'n3" Then assuming that n > n1, n > n3 and2 	 2 
n3> n1, then value of t/tz"~ 

. (A) :: 1 	 (B) > 1 
(C) < 1 	 (0) cannot be decided ~IJ 

24.16 	 A planoconcave lens is placed on a paper on which a flower is drawn. How far above its actual position 
does the flower appear to be? 

\ , 

Radius of 

w~~'m a~ 	 ", 

tt=~1J=3/2 
/'...... 

'Paper 
(A) 10 cm (B) 1S cm (C) SO cm (0) none of these 

24.17 	 Two symmetric double convex lenses A and B have same focal length, butthe radii of curvature differ so that. 
,! -- ~RA :: 0.9 RB• If nA:: 1.63, find ns' 	 , 

(A) 1.7 (B) 1.6 (C) 1.S 	 (0)4/3 

24.18 	 The distance between an object and the screen is 100 cm. A lens produces an image on the screen when the 
lens is placed at either of the positions 40 cm apart. The power of the lens is nearly: 
(A) 3 diopters (B) S diopters (C) 2 diopters (0) 9 diopters 

24.19 	 A virtual erect image by a diverging lens is represented by (u, v, f are coordinates) 

v/f v/f v/f v/f
.' 

(B) --=:;=----11--(A) I~' (C) ,Iu/f ~/f (0) I( ~/f 

(T . 

\24.20 	 A light ray I is incident on a plane mirror M. The mirror is rotated in the 
I

direction as shown in the figure by an arrow at frequency 9lrr. rps. The 

light reflected by the mirror is received on the wall W at a distance 10 J I 


m from the axis of rotation. When the angle of incidence becomes 

37° the speed of the spot (a point) on the wall is: 37~ 

(A) 10 m/s (B) 1000 mls 	 ~ ( " 

\.../(C) 500 m/s (0) None of these 

24.21 	 If a prism having refractive index Ji .has angle of minimum deviation equal to the angle of refraction of 

the prism, then the angle of refraction of the prism is: 
(A) 30° (B) 4So (C) 60° 	 (O) 90° c 

24.22 	 A bird is flying up at angle sin-1(3/S) with the horizontal. A fish in a pond looks at that bird when it is 
vertically above the fish. The angle at which the bird appears to fly (to the fish) is: [ nwater :: 4/3 J c 
(A) sin-1(3/S) (B) sin-1(4/S) (C) 4So 	 (O) sin-1(9/16) 

c24.23 	 In the figure shown a point object 0 is placed in air. Aspherical boundary .' 
separates two media. AB is principal axis. The refractive index above (, , 

AB is 1.6 and below AB is 2.0. The separation between the images V 

o t BA t •formed due to refraction at spherical surface is : 	 , 2m 

(A) 12 m (B) 21 m 

(C)14m (0}10m 


I=<esonance 	 .. . ' C.
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, 24.24 Light of wavelength 4000 A is incident at small angle on a prism of apex angle 4°. The prism has nv = 
1.5 & nr = 1.48. The angle of dispersion produced by the prism in this light is : 
(A) 0.2<1 ' (B) 0.08° (C) 0.192° (O}"none of.these" ,~, ", 

, 24.25 A convex lens of focal length f and a plane mirror are y distance apart. An h 

object 0 is kept on the principal axis of the lens at a distance x from the 
,.__._,__,"_JP._"",,,,~, 

r', 	
lens. The values of x and y for the final image of 0 to fall exactly (position 

&size) on the object '0' : 

y

{A} x=f, Y= f (B) x = f, Y= 2f 
(C) x= 2f, Y= f (0) x=2f, Y=2f 	 ...•

() 
, 24.26 AsquareABCOofside 1mm is kept at distance 15cm infront of the concave 

r 
" 	 mirror as shown in the figure. The focal length of the mirror is 10 cm. The 


length of the perimeter of its image will be : 

(A) 8 mm (B)2 mm 
(C) 12 mm {0}6 mm 

24.27 A pOint object is kept in front of a plane mirror. The plane mirror is doing SHM of amplitude 2 cm. The plane ( 
mirror moves along the x-axis and x- axis is normal to the mirror. The amplitude of the mirror is such that the 

(' 
\ 	 object is always infront of the mirror. The amplitude of SHM of the image is 

" (A) zero 	 (B) 2 cm (C) 4 cm (0) 1 cm 

( 24.28 	 In the figure shown find the total magnification after two successive reflections first on Ml & then" 
onM

2 

f= 10cm f=-20cm 

( 

f 
\ 

r' " 

\. 

\ 
( (A) + 1 (B)-2 (C) + 2 	 (0) -1 

(; 24.29 A particle revolves in clockwise direction (as seen from paint A) in a circle 
C of radius 1 cm and completes one revolution in 2 sec. The axis of the 

[' circle and the principal axis of the mirror M coincide. Call it AB. The radius '-.. 	 ~l_ 
of curvature of the mirror is 21 cm. Then the direction of revolution 

( (as seen from A) of the image of the particle and its speed is BTl'\. . 
(A) Clockwise. 1.57 cm/s 	 (B) Clockwise. 3.14 cm/s Ie 10cm) M , 

\., (C) Anticlockwise . 1.57 cm/s 	 (0) Anticlockwise I 3.14 cm/s 

(' 24.30 The given lens is broken into four parts and rearranged as shown 
in the figure. If the initial focal length is f then after rearrangement 

( the equivalent focal length is 

(A)f 	 (B)C 	 f Jll]
(C) '4

f 	
(0) 4f 

in air 

C 24.31 An infinitely long rectangular strip is placed on the principal axis 
of a concave mirror as shown in the figure. One end of the strip W//J////Wfl//27M
coincides with centre of curvature as shown. The height of 	 c~ rectangufar strip is very small in comparison to focal length of the 

mirror, Then the shape of image of strip formed by concave mirror is : 


(A) Rectangle ,(B) Trapezium (C) Triangle (O) Square 

L rI a~~eo~n~r~ 	 )I( 
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24.32 	 Figure I given below shows a glass vessel, partially filled with water. A narrow beam of light is incident 
vertically down into the water and passes straight through. Figure II shows the vessel glass tilted until the 
angle e, such that the light is refracted along the lower surface of the glass. If refractive indices of air, water 

and glass are 1, 3"
4 

and 1.5 respectively then: 

AIR 

- .. - ....... ::wa~(. 

Glass 

r 
( } A'Sin e = "43 (B) cos e = "43 

8 	 8 )/ ~.(C) sin e = - (0) cos e =  C9 	 9 
Figure 1 

SECTION -II : MULTIPLE CORRECT ANSWER TYPE 

24.33 	 A particle is moving towards a fixed convex mirror. The image also moves. If Vi =speed of image and V 0 = 
speed of the object, then 

(A) Vi ~ Vo if lui < IFI 	 (B} Vi> Vo if lui> IFI 
(C) Vi < Vo if lui> IFI (0) Vi =V0 if lui =IFI 	 , . 

24.34 	 An object AB is placed parallel and close to the optical axis between focus F and centre of curvature C of a 
',-_/

converging mirror of focal length f as shown in figure. 
(A) Image ofA will be closer than that of B from the mirror. f 

(B) Image of AB will be parallel to the optical axis. A 	 1,, 

(C) Image of AB will be straight line inclined to the optical axis. c' 
(0) Image of AB will not be straight line. 

24.35 	 Which of the following statements is/are correct about the refraction of Iightfrom a plane surface when light 
ray is incident in denser medium. [C is critical angle] 

(A) The maximum angle of deviation during refraction 'is %- C, it will be at angle of incidence C. 

(B) The maximum angle of deviation for all angle of incidences is 7C - 2C, when angle of incidence is , 
slightly greater than C. \ . 
(C) If angle of incidence is less than C then deviation increases if angle of incidence is also increased. (. 

I. -'(0) If angle of incidence is greater than C then angle of deviation decreases if angle of incidence is increased. 

24.36 	 The angle of deviation (8) vs angle of incidence (i) is plotted for a prism. Pick up the correct statements. c 
(A) The angle ~f p~ism is 60 

0 

• 	 0 r .• 

'-.j 

(8) The refractove Index o~ the prism [s n =. ,/3 . _ • "l'..\.......... ..... j 

("' 

(C) For deViation to be 65 the angle of inCidence 11 - 55 	 \.~60' ·····:·:M 
( \ 

(0) The curve of'8' vs 'i' is parabolic 	 ~ ~ : 'i 
60' 70' c 

24.37 	 A luminous point object is placed at 0, whose image is formed at I as shown in figure. Line AB is the optical caxis. Which of the following statement is/are correct? 

-0 .' 	 c 
( . 

•
A :8 	

~ 

'I 	 e 
(A) 	 If a lens is used to obtain the image, then it must be a converging lens and its optical centre will be 

the intersection point of line AB and Or. c 
(B) 	 If a lens is used to obtain the image, then it must be a diverging lens and its optical centre will be the 

intersection point of line AB and Or. c 
(C) 	 If a mirror is used to obtain the image then the mirror must be concave and object and image 

(, . 
subtend equal angles at the pole of the mirror. 'L-.. 

(0) 	 I is a real Image. c 
118~~eD~~S~ 	 )I( G 
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SECTION -III : ASSERTION AND REASON TYPE 


..'•..... 

24.38 Statement-1: A beam of white light enters the curved surface of a 

semicircular piece of glass along the normal. The incoming beam is " 

moved clockwise (so that the angle e increases), such that the beam 

r 
always enters along the normal to the curved side. Just before the 

\ 
refracted beam disappears, it becomes predominantly red. 

(; Statement-2 : The index of refraction for light at the red end of the visible spectrum is more than at the 

violet end. 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i. 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

(C) Statement-1 is True, Statement-2 is False 

(D) Statement-1 is False, Statement-2 is True 

Statement-1 : There exists two angles of incidence for the same magnitude of deviation (except minimum 

deviation) by a prism keptin air. 

Statement-2 : In a prism kept in air, a ray is incident on first surface and emerges out of second 

surface. Now if another ray is incident on second surface (of prism} along the previous emergent ray, 

then this ray emerges out offirst surface along the previous incident ray. This principle is called principle 

of reversibility of light. 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i. 

(8} Statement-i is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

(C) Statement-1 is True, Statement-2 is False 

(D) Statement-1 is False, Statement-2 is True 

Statement-1 : A ray is incident from outside on a glass sphere surrounded by air as shown. This ray 

may suffer total internal reflection at second interface. 

Second 

Statement 2 : For a ray going from denser to rarer medium, the ray may suffer total internal reflection. 

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 

(8) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-i 

(C) Statement-1 is True, Statement-2 is False 

(D) Statement-1 is False, Statement-2 is True. 
.' 

24.41 Statement-1 : Keeping a point object fixed, if a plane mirror is moved, the image will also move. 

L Statement-2 : In case of a plane mirror, distance of object and its image is equal from any point on the 

mirror. 

( (A} Statement-i is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-i. 

I 
(8) Statement-i is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 

\.. (C) Statement-1 is True, Statement-2 is False 

( (D) Statement-1 is False, Statement-2 is True 

C rI~~~eU~Dn~~ )I( 
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SECTION - IV : COMPREHENSION TYPE 

Comprehension # 1 

The ciliary muscles of eye control the curvature of the lens in the eye 
and hence can alter the effective focal length of the system. When the 
muscles are fully relaxed, the focal length is maximum. When the 
muscles are strained the curvature of lens increases (that means radius 

Retina
of curvature decreases) and focal length decreases. For a clear vision 
the image must be on retina. The image distance is therefore fixed for 
clear vision and it equals the distance of retina from eye-lens. It is 
about 2.5 cm for a grown-up p~rson. 

A person can theoretically have clear vision of objects situated at any large distance from the eye. The 
smallest distance at which a person can clearly see is related to minimum possible focal length. The 
ciliary muscles are most strained in this position. For an average grown-up person minimum distance 
of object should be around 25 cm. 
A person suffering for eye defects uses spectacles (Eye glass). The function of lens of spectacles is to 
form the image of the objects within the range in which person can see clearly. The image of the 
spectacle-lens becomes object for eye-lens and whose image is formedbn retina. 
The number of spectacle-lens used for the remedy of eye defect is decided by the power of the lens 
required and the number of spectacle-lens is equal to the numerical value of the power of lens with 

sign. For example power of lens required is +30 (converging lens of focal length 3100 
cm) then number 

of lens will be +3. 

For all the calculations required you can use the lens formula and'iens maker's formula, Assume that 

the eye lens is equiconvex lens. Neglect the distance between eye lens and the spectacle lens. 


24.42 Minimum focal length of eye lens of a normal person is 

(A) 25 em (8) 2.5 cm (G) 
25 
9 cm 

25 
(0) 11 cm 

24.43 Maximum focal length of eye lens of norma! person is 

(A) 25 em (8) 2.5 cm (G) 
25 
-- em
9 

(0) 
25 
-- em 
11 

24.44 	 A nearSighted man can clearly see object only upto a distance of 100 cm and not beyond this. The 
number of the spectacles lens necessary for the remedy of this defect will be. 
(A) +1 	 (8) - 1 (C) + 3 (0) - 3 

Comprehension # 2 
.' 

Chromatic Aberration 

The image of a white object in white light formed by a lens is usually coloured and blurred. This defect 
of image is called chromatic aberration and arises due to the fact that focal length of a lens is different 
for different colours. As 11 of lens is maximum for violet while minimum for red, violet is focused nearest 
to the lens while red farthest from it as shown in figure. 

As a result of this, in case of convergent lens if a screen is placed at F v centre of the image will be 
violet and focused while sides are red and blurred. While at F R' reverse is the case, I.e., centre will be 
red and focused while sides violet and blurred. The difference between fv and fR is a measure of the 
longitudinal chromatic aberration (L.G.A), i.e., 

..~esonanc:e 	 .rA1 EdUcating for better tomorrow 
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L.C.A. =fR-fv=-dfwithdf:::fv -fR ............ (1) 

However, as for a single lens, 


............ (2) 
;::: (~-1{~1 ~:J 
(' 

\ 
 - df ::: d~[J... __1J=> ........... (3}
f2 R1 R2 

Dividing Eqn. (3) by (2) ; 

- df := ~ ::: ro [ro =~] ::: dispersive power ........ (4) 
f (~-1) (~-1)
( 


And hence, from Eqns. (1) and (4), 

L.C.A. ::: -df::: oof 

Now, as for a single lens neither f nor ro can be zero, we cannot have a single lens free from chromatic 
aberration. 
Condition of Achromatism: 

( In case of two thin lenses in contact 

( 1 1 1 dF df1 df2-=-+" F f1 f2 Le., -F2' :: -q- fi 
"c The combination will be free from chromatic aberration if dF ::: 0 

df1 df2c i.e., f2'+fT ::: 0 
1 2 

which with the help of Eqn. (4) reduces to 

( 
\. 

001f1 002f2 001 002-+--- 0 . -+- - 0 (5)fl f; - I.e., f1 f2 - .......... . 

f' 

" This condition is called condition of achromatism (for two thin lenses in contact) and the lens combination 
which satisfies this condition is called achromatic lens, From this condition, i.e., from Eqn. (5) it is 

( 

" 
 clear that in case of achromatic doublet: 

(1) The two lenses must be of different materials. 
r 
" 111 

Since, if 001 ::: 002, ~+t; ,0 Le., F ::: 0 or F:: 00
( 


i.e., combination will not behave as a lens, but as a plane glass plate. 

~ 
l-t_ (2) As ro 1 and ro2are positive quantities, for Eqn. (5) to hold, f1 and f2 must be of opposite nature, i.e., if 

one of the lenses is converging the other must be diverging. 
L (3) If the achromatic combination is convergent, 

fc < fo 
( 

fc roc 

and as -r;;-::: roo I roc < old -' 
( 
i.e., in a convergent achromatic doublet, convex lens has lesser focal length and dispersive power than 

L the divergent one. 

C. 24.45 Chromatic aberration in the formation of images by a lens arises because: 
(A) of non-paraxial rays. 

C (8) the radii of curvature of the two sides are not same. 
(C) of the defect in grinding.

L (D) the focal length varies with wavelength. 

C. 24.46 A combination is made of two lenses of focal lengths / and f' in contact; the dispersive powers of the 
materials of the lenses are ro and ro'. The combination is achromatic when: 

{ 
\. (A) 00 =roo' 00' ::: 2000, f' ::: 2/ (8) 00:: roo' 00' ::: 2000, f' ::: /12
C. (C) ro 0001 00' =2000, f' ::: -/12 (D) 00 ::: 000,00' ::: 2roo' f' ::: - 2/ 

"Resonance .:c. .., Educating for better tomorrow 
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24.47 	 The dispersive power of crown and flint glasses are 0.02 and 0.04 respectively. An achromatic 

converging lens of focal length 40 cm is made by keeping two lenses, one of crown glass and the 

other of flint glass, in contact with each other. The focal lengths of the two lenses are: 

(A) 21 cm and 40 cm (8) 21 cm and -40 cm (C) -21cm and 40 cm (D) 10 cm and -21cm 

Comprehension # 3 

, / 

All objects referred to the subsequent problems lie on the principle axis. 
f\ 
I. / 

Air 


.' 


Water 

Surface 2 

24.48 If light is incident on surface 1 from left, the image formed after the first refraction is definitely: 
(A) Real for a real object 	 (8) Virtual for a real object c 
(C) Real for a virtual object 	 (D) Virtual for a virtual object 

\ 

24.49 	 In above question if the object is real. then the final image formed after two refractions: 
r

(A) may be real (8) may be virtual (C) must be virtual (D) both A and 8 

24.50 	 If light is incident on surface 2 from right then which of the following is true for image formed after a single 
refraction. ( 

(A) Real object will r~sult in a real image (8) Virtual object will result in a virtual image 	 \ 

(C) Real object will result in a virtual image (D) Virtual object will result in a Real image 	 ( " 
'"/ 

SECTION - V : MATRIX - MATCH TYPE 

24.51 	 Four particles are moving with different velocities in front of stationary plane mirror (lying in y-z plane). 

At t = 0, velocity of A is vA =1. velocity of 8 is VB =-i +3]. velocity of Cis Vc =51 +6 j, velocity of D 

is Vo 3i ]. Acceleration of particle A is 8A =2i + Jand acceleration o'f particle C is a 2t}. Thec 
particle 8 and D move with uniform velocity (Assume no collision to take place till t =2 seconds). All 
quantities are in S.1. Units. Relative velocity of image of object Awith respect to objectA is denoted by 

VA',A' Velocity of images relative to corresponding objects are given in column I and their values are c 
given in column II at t = 2 second. Match column I with corresponding values in column II. r '. 

L 

Plane mirror 

YL,
-A 

•
BD

• 

.c 
t' 
~ 

c
Column-I 	 Column~II 

(A) 	 VA', A (p) 21 c 
(8) 	 VB',B (q) -61 c 
(C) 	 Vc',c (r) 12i+4j 

(s)(D) 	 VD'.D -10i 

c.8~~~Dm~ 	 J( 
'C' 




c 

, 
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24.52 	 An object 0 (real) is placed at focus of an eq!Ji-bicomt~x I€ms as shown in figure 1. The refractive index of lens 
is ~ =1 ..5 and the radius of curvature'of either;:s!Jrfaceoflens is R. The lens is. surrounded by ;air. In each 

'sta~lYIellt of wltlmno.t'SOmeehal)lgesar.e·mC3~e'tQsit\latio.8 given ~Qoveand infQrrrVflti9J1. regarging ~nc:il image 
formed as a result is given incoluml1-ILTh~di!)1Ppcebetw.een lens and objectis unchanged in(illstatements 
ofcoluml'l-1. Match the statements in column-I with res.ulting image incolumn-:-II. 

( 

c) 
I Column-I 

\ 

(A} If the refractive index of the lens is 

doubled (that is, made 2 fl) then 


(B) 	 If the radius of curvature is doubled 
{that is, made 2R} then(. 

(C) 	 If a glass slab of refractive index fl =1.5 
is introduced betwe'eh the object ( 
and lens as shown, then 

( 

(' 

~ 

f 

" slab 
{D} 	 If the left side of lens is filled with a medium 

of refractive index fl = 1.5 as shown, then {t} 

/

" 
(
\. 

( 
24.53 	 Match the following: 

I 

air air 

(fig, 1 } 

{p} 

{q} 

(rl 

Column-II 
final image is real 

final image is virtual 

. final image becomes smaller in 
size in comparison to size of image 
before the change was made 

{s} 
(t) 

final image is of same size of object. 
final image is of larger size of object 

\. , 	 An object 0 is kept perpel1c1icular to the principal axh~ of ,a spherical mirror. Each situation (A,B,C and D) 
gives objectcoordinate uin centimeters withsign, the type ,of mirror, and then the distance (centimeters, 
without sign) between the fOcai poi~t and the pole ofthe mirror:Onlhe right side information regarding the 
image is given. Correctly match the situations on the left side with the imag'es described on the right side. 
COlumn-I:.Colurnn.,.n 

'. U~'~~.e_·_·'____.~~~~_~-"'~=:~] . 
I(p) !Real, Errect, Eri'larged.",J 
;(q)-·)Virtual~E;~~t,···Di;:;;~i;t;~-!.
{..-~'.-. ~"·~---""--·--·--·~'<~"---"·-""---li(r) 1Realln\.ertecj, Enlarged : 
f(s) !Virtual, Erect~E~;;g;d-'--i 
t_~~~,____ -:--______,__". _.~_"~._._,;.t. 

24.54 	 A white light rayis incident on a glass prism, and it create"fourrefracted 
(/ 	 rays A, B, C and D. Match the refracted rays with the colours given{1 

& D are rays due to total internal reflectidn.): 

Column-I 	 ColUmn-II 
( Ray 	 Colour 

{A} 	 A (p)' . red incident ray 

(B) 	 B (q) green 

(C) 	 C {r} . yellow 

c 
( 

( 

~ ~'.~; , . .' 
Situation u Mirror 

A -18 Concav.e, 12:' 
B -12 Concave, 18 

C -8 Convex, 10 

'-- _D 0 ~.. ' Convex, 8 

(D) 	 D (s) blue 

..~. ,~~e$onance""'I'M 	 •
C..4: .. .. ....(-Edueatlng for better tomorrow 	 :;•• ,!!, ". . 
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24,55 ··Ineach situation of column-I, an incident wavefront and its cC)rrespondingreflected or refracted wavefront 

is shown. In column-II theoptic'al instrument used for reflectioriibr refraCtion is given. AlwayS take the 

optical instrume'nt to the rightofincidentwavefront.lTheirlCfdent Waljefront·is moVing' towards right. 


"Matdh • each pair onncidentahd reflected/refradted 'wavefrontih' column:'::l· with' the correct optical 
instrument givenin column-II;: . 

Column-I 	 Column-IT 

Incident Reflected/Refracted Optical ilJstrument used 
wavefront Wavefront 

> 

) 	 TI 
i::: 

(A) (p) 
---!J. 

(8) (q)( 	 o~ 

(C) (r))-> 

(D) (5)(-> 
. 

24.56 Column-I gives certain situations regarding a point object and its image formed by anopticaHnstrument. The 

possible optical instnimentsare ooricave and convex mirrors or lenSes as given in Column~U: Same side of 

prihcipa] axis means both imagEiand obJeqt shoul.d either Qeabove the prinCipal axis or botH should be below 

.the principal axis as shown in figure. Same side of optical instrument means both image and object should 

be either left of the optical instrument or both should be on right ofthe optical instrument as shoWn in figure. 
. 	 . 

Match the statements in columnc:I with the corresPQoging .~te.telllents in column-II . 
. 	 -r ." f

I PrinCiPalaxj~ ••.. 

I 
lens or mirror 


Column I .Columnii 

(A) If apoint object and its image arecn same side of (p) Concave mirror 


prilicipal axis and opposite sides ofthe optical 

tristrumentthen the optical instrument i!? 


(8) If a poiot.object and its image are on opposite side .' (q) Convex mirror 

of principal axis and same sides of the optical 

instrument then theopticalinstrument is 


(C) If a point object and its imageAlre on same side (r) Concave lens 

of principal axis and same sides,pf the optical 

instrument then the optical instrument is 


(D) If a point object and its irnage are on opposite side 	 (s) Convex lens 

of principal axis and opposite sides of the optical 

instrument then the optical instrument is 


-1Resonance 	 .' • 
. '~~FducatiligfOr better tomorrow_. .' 
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SECTION - VI : INTEGER TYPE 
'"\~~~~"""'I\f"""",,,\V:''''~~:\'';'''',''''_~'''~_''_'' -_-::'I'~': :~;'>._ ,', .••.. , .. _,;. '.r .• : •••• :•..:. ".' " • " _ . -,' _ ,. 

24.57 	 As shown in the figure,ar}'obJecfOisatJhe position (-10, 2) with respecftothe odgin l).,::rheconcs\le 

mirror M1 has radius of curvature 30 cm. A plane mirror M2 is kept at a distance 40 c'minfrontof the 

C 	 conc;aye mirror. Considering fir~t reflection on the concave mirror M1 and second 6rl thie~la~~,'~irror 
M2 , if x co-ordinate is -xci of the second image w.r.t. the originP.then xois 

24.58 	 A ray of lighttravellif!g in air is incident at angle of incident 30° on one surface. of a,slab in which refractive' 
. . 	 " ,_ ,"- ,~-." ',',"' " ", ','" ", :>~-.- -, ... -.w,·it- ..... __ ,_,.. _~, ___ ," , . . 

index varies with y. The light travels along the curve y =4X2 (y andx are in metre) in the' slab: if the refractive 

index of the slab at y =1/2 m in the slab is 15/xo.then Xo is : 

( 24.59 . In the figure shown L is a converging lensoffocallength 10cm and M is a concave mi,llorofradius ofcurvature 

( 
21cm. A point object 0 is placed in front of the lens at a distance 15cm. AS andCD are optical axes of the 

\, 
lens and mirror respectively. if the distance 9f the final image formed by this system from the optical centre 

( 

\ 


of the lens is 6.Jx em. then x is The distance between CD& AS is 1 cm. 
/ 
\ 

( 

\ 

"

( 

" 
( 

A ~, It' I>S 

"

( 

C 	
" 

24.60 	 A stationary.observer 0 looking at a fish F (in water of, J..l= 4/3) through a converging lens of focal length C 
E'· 90.0 cm. The lens is allowed totall freely from a height 62.0 cm with its axis vertical. The fish and the 

.' 	 . " .
\..._-

observer are on the principal axis oUhe lens. The fish moves up with constan~ velocity 100 cm/s. 

Initially it was at a depth otA4.0 cm. Ifthe velocity with which the~sh G!Ppears to mov~ to the o~server at 

{ • t =0.2 sec.is xl4 cms'1jhen xis (g =10 m/s2) 

( 

-0 
Lens 

c 
c 

f 

'-
.'{ 

'

_'p 

.. 
c·'!; ...... .:

i i,Resonance 	 .: IL ,~;.•.:.Educating for bette~Jomorrow 	 ~... :., 
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TOPIC 

WAVE,OP,'flC,S"" . 
.--(" . 

- '.'-:~-a'. . . fu' ':i·S· 
" . I<:", :0" .. df-:'" ~ .: . 

~. I nirtt ~1 '«<t~ . 

SECTION - I : STRAIGHT OBJECTIVE TYPE 

25.1 	 Two lightwav.es are given by, E1 =.2 sin(1001tt - k x + 30°) and E2 = 3 cos (200 1t t - k'x +60°) 
The ratio of ir'itensityof first wave to that of second wave is : 

2 4 1 	 1 
(A) 3 (8) '9 (e) '9 	 (D) 3 

25.2·' 	 The wavefront ofa light beam is given by the equation x + 2y + 3z =c, (where c is arbitrary constant) then the 
angle made by the,direction oflight with the y~axis is : 

1 2 1 	 2 
(A) cos-1 .J14 (8) cos-1 J14 (e) sin-1 J14 (O) sin-1 .J14 

25.3 	 If the ratio of the intensity of two coherent sources is 4 then the visibility [(Imax- Imin}/(lmax+ Imin)] of the fringes 
is 
(A) 4 	 (8) 4/5 (C) 3/5 (D) 9 

25.4 	 As shown in arrangement waves with identical wavelengths and amplitudes and that are initially in phase 
travel through different media, Ray 1 travels through air and Ray 2 through a transparent medium for equal 
length L, in four different situations. In each situation the two rays reach a common pOint on the screen. The 
number ofwavelengths in length lis N2 forRay2 and N1 forRay 1.ln the following table, values of N1 and N2 
are given for' all four situations, The order of the situations according to the intensity of the light at the 
common point in descending order is : 

Ray 2 _-======-._
Ray 1 

Situations 

N1 . 

N2 

1 

:2:12.~52.25 

2.75 

4 

,25, 

4 

(A) 13 =14 > 12 > 11 (8) 11 > ~=14 > ~ (e) 11 > 12 > 13> 14 (0) 1,2>13 = 14 > 11 

25.5 	 If the distance between the first maxima and fifth minima of a double slit pattern is 7mm and the slits 
are separated by 0,15 mm with the screen 50 cm from the slits, then wavelength of the light used is : 
(A) 6QO nm (8) 525 nm (e) 467 nm (O) 420 nm 

25.6 In a Y08E: 0 =im, d =1 mm and A. =5000 n m, The distance of 100th maxim.a from the central maxima is: 

11 
(A) - m (8) J3 m 	 (D) does not exist 

2 	 2 
(C) J3 m 

25.7 Let 8 and 8 be the two slits in Young's double slit experiment. If central maxima is observed at P and 
1 2 

angle L8 P8 =9, then the fringe width for the light of wavelength A. will be. (Assume 9 to be a small 
1 2 

angle) 
(A) A.l9 (8) A.e 	 (e) 2A.19 (D) A.l29 

if."gesonance 	 .•
.f:""~i1;".~!2i:1ucatlng for better tomorrow 	 . 7. ,' . 
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'l5.8 	 Figure shows two coherent sources 51' 52 vibrating in same 
phase. AB is an irregular wire lying at a far distance from the --r-- I51 	 ....... ~ •• ;. ." ..... 'jA 


~ :::::... . ...t.~ 
2 

.••••••• ""·.h;'~.sou'rces'"S';ana~s;"':"ref'-~'='fO-~Z'B()A :: 0.12" . How many - .. 15	 B 

bright spots will be seen on the wire, including points Aand B. 
(A) 2 	 . (B) 3 (C)A (D) more than 4 

." 

,"25.9 The path difference between two interfering waves at a point on the screen is /J6. The ratio of intensity at this 
\., ' point and that at the central bright fringe will be : (Assume that intensity due to each slit in same) 

(A) 0.853 (B) 8.53 . (C)0.75 	 (0)7.5 

{~''l5.10 In the figure shown ina YD5E, a parallel beam of light is incident on th~ 


" slits from a medium of refractive index n • The wavelength of Iig.htinthis ~.n, .
•....1 . . 	 .1 .' n. 0medium is A1. A transparent slab of. thickness' t' and refractive index 03 is 
put infront of one slit. The medium between the screen and the plane oUhe I

slits is n2• Find the phase difference between the light waves reaching --I
point' O' (symmetrical, relative to tbe slits) 

A., 

(. 
211:' 

(A}-- (n3 
nt A1 

n2)t 
211: 

(B}-",1 (n3  n2)t 
. 211:n(C) __1 

n2 "'1 

(n3)-.--1 
. n2 

t 211: n1(D) -'\- (n
3 

- n
2

) t 
Ai 

. 

r

" 25.11 A Young's double slit experiment is conducted in water (Ill) as shown in 
'- the figure, and a glass p,late of thIckness t and refractive index 112 is 

5, waterplaced in the path of 5•. The magnitude' of the phase difference at . water 
o is: (Assume that 'A' is the wavelength of light in air) --0------1 10f!t 

( 
" 

(A) !(~~ _1}!2; (8) !(1:1-1)tI. 2lt ..,52112 Ai
( 
\, 

211: 	 211: 
(e) 1(1l. - ~I) tiT (D) 1(~2-1)tIT 

( . 25.12 In the figure shown if a parallel beam of white light is incident 
on the plane of the slits then the distance of the nearest White c 'I ~ospot on the SCreen from 0 is: [assume d « 0, Iv « d 1 
(A) 0 (B), d/2 
(e}d/3 . (D) d/6 o 

C 

25.13 In the figure shown, a parallel beam of light is incident on the plarieof l S,O..:,S20 'u~ 


(
'-

the slits of a Young's double slit experiment. Light incident on the slit, 

-..L_......_'S,5, passes through a medium ofvaiiable refractive index ~=1 + ax(where 


'x' is the distance from the plane of slits as sh6wn)"uptoa distance 't 
 +0 
before falling on 51' Restof the space isfilled with air. Ifat 'O'g minima S 

..:....0-

Screen 
c 	 is formed, then the minimum value of the positive constant a (fnternis . . . 'j 2 

of £ and wavelength 'A' in air) is :.'~L~ 
A 	 £2A 

(A) 7 (B) 	 (elT (D) Noneofthese 
, .,,' 

c . 	 . 
'·25.,14 Interference fringes were produced using white light in adoubleslitarrangement When a mica sheet of 

C 	 uniform thickness of refractive index 1.6 (relative to air) is placed in the path of IightJrom one,ofthe slits, the 
central fringe moves through some a distance. This distance is equal to the width of 30 interference bands if 
light of wavelength 4800 Ais used. The thickness (in 1~m}ofmica is: 

.. (A) 90 . (B)12 	 (e) 14 (D) 24 
:{ ',," .. ;-., '" ,- ~"",,' 

'-.-" ;~"~~e~onance 	 :.
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25.15 	 Two coherent light sources each ofwavelength I.. are separated by a distance 3 1... The total number of minima 
formed on line AB which runs from ~ 00 to +00 is: 

,9 , ,. 
p 

+1. Q ., 
tA 

(A) 2 (B)4 (C)6 (0)8 

25.16 	 M1 and M2 are two plane mirrors Which are kept parallel beach other as shown. There is a point '.0' on 
perpendicular screen just infronU:if 'Si. What should be the waVel€!ngth of light coming from monchromatic 
source 'S'.So thata maxima is formed at '0'; due to interference ofreflected light from both the mirrors. 
[Consider only 1 st reflection]. 

,> 
Screen 

3d2 3cP M1 

(A) 	 (B) 200 - - - -1.0 . 
d2 -I 

(C)- (D)
2cf 

0 	 D 

25.17 	 A ray of light is incident on a thin ·film. As shown in figure M,N are two reflect~d rays and p,a are two 
transmitted rays. Rays N and a undergo a phase changeof1t . Correct order of the refracting indices is: 

M N(A) n2 > n3 > n1 


n1 
 Y , 	 I
(B) n3 > n2 > n1 
 n2 


(C) n3 > n1 > n	 '( " II 
2 	 n3 

(D) None of these, the specified changes can not occur 	 P a 
25.18 	 From a medium of index of refraction n1, monochromatic light ofwavelength I.. is incident normally on a thin 

.film of uniform thickness L (where L >0.1 1..) and index of refraction n • The light transmitted by the film travels 2
into a medium with refractive index n3• The value ofminimum film thickness when maximum light is transmitted 
if (n1 < n ) is : 	 ..<n2 	 3

d/2 
s e_ t -' d:' 

M 2 I':'~--=D:---

nl1.. n11.. I.. 	 I.. 
(A) 2n 

2 	
(B) 402 (C) 402 (D) 2n2.~. 

... rm ...sP.'a.,t.es.25.19· 	Ab.roadsource.0..·.fli.9.ht(1 =.68.,0. nm)illum.. in.a..tes.no .... a.Ily twO.. g.,.,as ~;ght
120 mm long that touch atone end and are separated.by a wire 0,034 mm . . t . 0.034 mm 

in diameter at the other end. The totai number of bright fringes that appear .. 
over the 120 mm distance is : .'. . +--120 mm

(A) 50 	 (B) 100 (C) 200 . (O) 400 

SECTION -II : MULTIPLE CORRECT ANSWER TYPE 

25,20 	 If the first minima in a Young's slit experiment occurs directly in front of one of the slits, 

(distance between slit & screen D =12cmand distance between slits d = .5 em) then the wavelength 

ofthe radiatiori.used'can be : 

2 	 4 
(A) 2 em (B) 4 em (C) 3em (D) 3 em 

. ....... 
.> 

.,~E3S0nance, . . 
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25.21 If one of the slits of a standard Young's double slit experimentiscovered by a thin parallel sided glass slab. 

so that it transmits only one halfthe light intensity cif t~ecither; then:: 


. (A) The fringe pattem will getshifted towards the.covered slit 

(8) The fringe pattern will get shifted away from the covered slit 

(C) The bright fringes will become lessbdghtar")d the dark ones will become more bright 

(D) The fringe width will remain unchanged 

25.22 A parallel beam of light (A. =5000 A) is inc.ident at an angle a =30° with the normalto the slit plane in a young's . 

double slit experimentAssume thatthe.intensity{:fue.tQea~h$lit at ary p'<;lin~ 011 Jh.escreenis 10, Point 0 is c) 	
~:~!~:~~~~~~~:~1~i:~~hedist~n~be~een,slitsiSJmm.," -"".. c.,~,", -".,~"c; /~ ,.' "',,.'.ii~ 

(' 	

I(8) the intensity ,to is zero 	 "'~ 
(C) the intensity at a point on the screen .4mJrom 0 is410 	 •. ',' - . 0 

(D) the intensity at'a point on the screen 4m from Ois zero ' .: 

( 


( SECTION - III : ASSERTION AND REASPNTYPE 

25.23 Statement-1: Two point cpherenfsQurces of light S1 and S2' are placed'on a line as shown. P and Q( 
are two points on that line. Ifat point P maximum intensity is observed then maximum intensity should 

,.. also be observed at Q. 
\. 

o S,' S2' P , 
Statement-2 : In the figure of statment 1, the distance IS1P - S2PI is equal to distance IS20 - S101. 
(A) Statement-1 is True, Statement-2 isTrue; Statement.,.2 is a correct explanation for Statement-1 
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correctexplanation for Statement-1 
(C) Statement-1 is True, Statement-2 is False 

(. 
(D) Statement-1 is False, Statement-2 is True. 

t' 
... 25.24 	 Statement-1 : Two coherent point sources of lighthaving non;zerQ.~l1ase difference are seperated by'small 


distance. Then on the perpendicular bisector of line segment joining both tlie point sources, constructive 

interference cannot be obtained. 


{' Statement-2 : For two waves from coherentpoint s,ources tOinter(ere,cqnstructiveiyata poil1~the

" magnitude of their phase difference at that point must be2m1t (where m is a nonnegative integer) . 

c (A) Statement-1is True, Statement-2 is True; Statement·2 is a correct explanation forStatement-1 
(8) Statement-1is True. Statement-2 is True; St~tement-2 is NOT a correct explanation for Statement-1 
(C) Statement-1 is True, Statement-2is False 
(0) Statement-1 is False. Statement-2 is TrUe. 

SECTION - IV : COMPREHENSION TYPE 
» 

( Read the following comprehensions carefully and answer the questions. 

Comprehension # 1 
- ,-	 

C , Huygen was the firstscientist who proposed the id~a ofwave: theory of light He said thatthe light propag'ates 
in form of wave fronts. A wavefront is an imaginary-surface alevery point of which.wave$.:a(edn the same 

( 
I 

.- phase. For example the wavefronts for a point source of light is collection ofconcentric spheres which have 
centre at the origin, w

1 
is a wavefront, w2is anotherwavefront. 

C 

l 
1'\ 

(, 
" Ray of 

light 

:- 

l . 	 .:.. ", ;~e50nanCe" 	 IL' ;.,Educating for better tomorrow 	 . 
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ll1e radius of the wavefront at timC? 't' is 'ct' in this case where 'c' is the speed of light. The direptiQnof 
propagation of light is perpendicular to the surface ofthewavefront. The wavefronts are plane wavefronts in 
'case of a parallel beam of light. 

I. I >Ray .WVW2" W3 wa\jefron~ 

. :~:... 

.. 
w1 w2 W3 

Huygen also said thafeverypointofthewavefrol1tacls'asthe source ofsecondary wavelets. The tangent 
drawn to aU-secondary wavelets ata:time is the·newwcivefront aUhat time.Thewavelets arelo be consid,. 
ered only in the forward direction (i.e. the direction ofpropagation of light) andnotin the reverse direction. If 
a wavefrontw at time t is given, then to draw the wavefront at time t +At take some points on the wavefront 

. :....,1 	 t 

w
1 
and draw spheres of radius 'cAf. They are called secondary wavelets. 

Secondarywavelet 
. of radius 'cAt'.,. 


Draw a surface· w2 which is tangential to all theSe secondary wavelets w2 is the wavefront at time 

't + At'. 

Huygen proved the laws of reflection and laws of refractiOn Using concept of wavefronts. 


25.25 	 A point source of light is placed at origin, in air. The equation of wave frontotthewave at time t, emitted by 
source at t :i:: O,is(take refractive; index of air as 1) . . 
(A) x + Y+ Z =ct . (B}X2+f+Z2=t2 . (e) xy +yz+zx= c2t2 (D) x~ y2 + Z2 = c2t2 

. 25.26 Spherical wave fronts shown in figure,strike a plahemirror. Reflected wave frontswill be as shown in 

$J 
(D)(A)~ (8i))) I (C)·~·· I 

25.27 	 Wavefronts incidentonaninterfacebetwee~ the media are shown in the figure. The refracted wavefrontswill 
be as shown in 

.. 

.J 
(D)(A) .~ (8) ~ (C)~ 0/ 

x~":Resonance 	 .}:;~,EdUeating for better tomorrow 	 ",."".. 
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25.28 Plane wavefronts are incident on a spherical mirror as shown. The reflectepwavefrbntswill be inthefigure 

'.: ~ 

7-~ _ 

( 

r,. 
" .I 

( 
\ 

(A) II I. • . I (6) 

(C) 

( 25.29 . Certain plane wavefionts are shown in figure. The refractive index of medium is 

[ 

" 

'.
I 6" 


Vacuum( 

medium 


A" 

( (A) 2 . (6)4 (C) 1.5 (0) Cannot be determined~' 

( Comprehension # 2 

\. " 
( 

c 
/ 

CENTRAL BRIGHT FRING~ 

l 
The figure shows the interference patttern'obtainedin a d(j~bl~~sijtexperiment using light of~wavelength 

( 600 nm. 1, 2, 3, 4 and 5 are marked on five fringeS. . . . .. . 

( 25.30 The third order brig'htfringe is 

(A) 2 (6) 3 

(C)4 (0)5 


c 
25.31 Which fringe results from a phase difference of41t between thelightwavesJncidenting from two slits? 

.1 c (A) 2(6)3 
(C)4 (0)5c 

25.32 Let I:!. X and I:!. Xcrepresent path differences between waves interfering at tand 3 respectively then 
A 

(II:!. Xci -II:!. X I) is equal to ~ '. .A 
( (A) 0 . (6) 300mn 

. (C) 600 nm (0)900nm. 

..' 

c 
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~." .. SEC]ION ~V :.MATRIX-MATCH TYPE. 

25~33 	 A dOllble slit interference pattern is produced on a screen,as shown in the figure, using monochromatic 

light of wavelength 500 nm. Point P is the 10cationoUhe·central brightfringe, thatis produced when ' 

.Iight waves arrive in phase without any path differenc~. Achoice of three strips A, Band C of transparent 

. materials with different thicknesses and refractive indic~s;is available, as shownin the table. These are 
. . 

placed over one or both of the slits, singularly or in conjunction, causing the, interference pattern to be 
. shifted across the s~ree'nfrom the original pattern. In the columnwI, how the strips h~ve been placed, is 

mentioned whereas in thecolu'mn-II, order of the fringe at point Pon the.s,creen that'will be produced 

due to the placement of the stripes), is shown. Correctly match both the column. 

Slit II " " .. 
---~-"-------""""'r' 

Slit "I P 

Film A B C 
Thickness 

(in urn) 
5 1.5 0.25 

Refractive Index 1.5 2.5 2 
.I Screen 


Column-J Column- II 


fA) Only strip B is-placed over slit-l (p) FJrst Bright 


¢8) Strip A is placed over slit-I and strip C is (q} Fourth Dark 


placed over slit-II 

(C) 	 Strip A is pl~ced over the slit-I and strip Band (r) Fifth Dark 

strip C are placed over the slit-II in conjunction. 


(D) 	 Strip A and strip C are placed over slit-I (in (s) Central Bright 


conjuction) and strip B is placed over slit-I r. 

/ 

IY 	 " 

25.34 	 A monochromatic parallel beam of light of wavelength A. is incident ~Inormally on the plane containing slits S1 and S2' The slits are of 
---l>- S,

unequal width such that intensity only due to one slit on screen is ~ ... -........... ~x 

four times that only due to the other slit. The screen is placed 

perpendicular to x-axis as shown. The distance between slits is --+-I S1 


S,

d and that between screen and slit is O. Match the statements in 


+---D~eencolumn-! with results in column-II. 

Column-I Column-II 

DA. 


(A) 	 The distance between two points on screen (p) 
3d 

having equal intensities, such that intensity 
: ~:' l' . . . 

'at those points is 9th of maximum intensity. 

DA. 
(B) 	 The distance between two points on screen (q) 

d 
having equal intensities, such that intensity 

at those poi~ts is : th of maximum intensity. 


2DA. 

(C) 	 The distance between two points on screen (r) 

.d 
. having' equalinterisities, . such that intensity' 

5 
at those points is 9th of maximum intensity. 

3D", 
(D) 	 The distance between two points on screen (s) 

d 
··having equal intensities; such that intensity 

.. 7 

at those points is 9th of maximum intensity. 


2D", 
(t) 

3d 

~{i§Q[I~1l~.
'<- : .,_ ."O",,:';"'~ .. 
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25.35 	 TWocQherent pointsourcesof light having wavelength A are seperated by a distance d.A circle is 
drawn in space surroufjding both the point sources as shown. The plane of circle contains both the 

' ..p()i.r"!~~p.u.rc~s:"fh~;.q!~tBngeA Q?~~en<bplMb.esourcesjsgiven:in.Golumn-I'and,t~etota(number·of 
. corresponding pgin~s, ofmaximum intensitY!:lnQ minimum intensity on the peripheiyofttie shown circle 

are given in cohJMri-ll. Ma!cn,each situation ()fcolumn-twittl the·resultsiri.column:'lI. 
.---. 

( 	 25.36 An interference pattern is obtained by using a Fresnel's biprism. If theiringe width is 4 mm when air • 

is the surrounding medium; then fihd the fringe width(in mm.) if water is the surrounding medium. Keeping the 
I same source. Assume nglass =1:5. nwater = 4/3, nair = 1.
" 
( 	 25.37 In the figure shown S1 and S2 are two coherent sources emitting light of wavelength 'A' and having no initial 

phase difference. S1 and S2 oscillate simple harmonically with amplitude 'a' each and frequency 'f each on,( 
the line PO which is perpendicular to the x..:axis. The initial position ,and initial direction of motion of 'S1' and 

(' 
'.. 	 'S2' are shown in the figure. Sl and S2 are at their mean position at t = 0 sec. if the y-coordinates of 

( xAD 
3rd maxima at time 't'.is 2 (2 . t) then x is Assume that A « a and a « O. a -SlOm 	 ' 

C 
25.38 I n the figure shown'S' is a monochromatic source of light emitting light ofwavelength A (in air). Ught falls on 

! ",- slit 'S1' from'S' and thenreCl~1;J the,slits;'S2"and'S3' through amedjumof rerra6tiVe index 'Pl':tight ftom slits 

Sz and S3 reach the screen through medium of refractive index 1-13. A thin transparentfilhlBf:refractive index c: 
1-12 and thickness ,'t' is placerr-infront of 'S2'. point 'P' is symmetricalw.r.t. 'S2' and '$3" USing thevalues 

( s, 
C 

C 
I' o '1- 2D '1 Screen 

Is; 
11. 

11. 

L 
25.39 	 In previous question if the film in front of S2is removed. then xl27 mm. distance and central maxima shift then 

x~ . .l 

c "~ 

(, 

Column~I 

(A) d = 99.4 A 

( (8) d = 99.6 A 

('" 
(C) d = 100 A 

\ (0) d = 100.4 A 

c 
. Sr::CTION - VI : INTEGER TYPE· 

/
\.. 

( , 	 ,.
d = 1 mm. 0 = 1 m.. 1-11 = 4/3. 1-12 = 312, 1-13= 9/5 and t 

C 
P.(inmm.)

C 

Column-ll 

(p) 398 points of maximum intensity 

(q) ,400points.of maximum intensitY' 

(r) 396 points of minimum intensity 
, . . 

(s) 400 points of mlnrrnum intensity 

(t) 402 points of maximum intensity, 

4 	 ' • 
= '9 x 10-5 m. Find the distance of central maxima .from 

" 

·Qsonance 	 }lItT ' 
Ing for better tomorrow 
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25.40 	 An equil convex lens offocallength 10 cm (in air) and. Rio 3/2 is. putara small opening on a tube of 
length 1 mfuliyfilled with liquid,of R.LA/3. Aconcavemirrorof radius'ofcurVatlftEf20cm is cut into two 
halves m1 andm2 and placed at the end of thetubeAh~&:m2:areplacedsuchthattheii principal axis 
ABand CDrespectiyelyareseparate,dby 1,rhmieach)fromthj9:prlncip:~1~}(iso.fJh~~I~:~~:·A:slitSplaced

" ..... ,', 	 ..~ •...~..." ~."t"·'~11 ,,,,,, .. ',I,,'·',".d '-r.,. '"~'" 

in air illuminates the.lenswith ;Ught offrequency 7:5..><10'4 Hz.::The!light reflected from m 1 and m
2 
forms 

inlerference pattern on the left end EF of the tube. ° is·a.n opaque substance to cover thehole left by 

m & n12• Find the distance of the image formed by lens water combination.in cm . 1 

.' s..---- .. 
20cm 

1m 

25.41 	 In previous the distance between the images formed by m, & m2.in(mm.) 

25.42 	 In previous width of the fringes on EF.in Jlm . 

. - . 	 . 

25.43 	 In the frgureanarrangement of young's doUble slit experiment isshoWn;Aparallel beartroflight of 
wavelength '}...' (in medium n1) is incident at an angle 'e' as shown. Distance 5,0:::; 520. Point 'a' is the 
origin of the coordinate systerTI •The medium on the left and right sid.e of the plane of slits has refractive 
.index n, and n2 respectively. Distance betWeen the slits is d. The. distance between the screen and the 

4 10 . 
plane of slits is D. Using D =1m, d =1mm, e=30°, }...:::; 0.3mm, n1 ="3' n2 = 9" answer the following 

t Y 
n2 

' .... ~ ''I =::z:,fO~x 

~D .screen 

If y-coordinate of t~e point wherethe total phase difference befINeen the iriterefering waves is zero, is 

. y :::; -xo cm.then xois 
.;~-

x 
25.44 	 In previous question y-coordinateofthe nearest maxima above '0' is .J154 cm. then x is: 

25.45 	 A lens of diameter 5.0 cm and focal length f:::; i5.0 em was cut along the diameter into two identical 

halves. In the process, the layer of the lens a =1.00 mm in thickness was lost. Then the halves were 

put together to form a composite lens. In it's focal plane a narrow slit was placed, emitting monochromatic 

light with wavelength}", = 0.60 ~m. Behind the lens a screen was located at a distance b = 50 cm from 

it. Find· number of possible maxima. 

gesonance 	 .' ...•...~, ... ' ~~}~~catil)gfOr better tomorrow . 	  '.... 

"",.':. 
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Section II : Rank Refiner 

Pattern ofPTs & FSTs 


PTs Pattern: (Based on JEE(Advanced) 2014) 


Type of Que. ' No. of Ques. Marks Allotted Negative Marks S.No. 
• <'". Per Que. i 

7 -11 SCQ 3 
2 3 0MCQ 7 ,. 

PARAGRAPH TYPE 6 (3 Paragraph, 2 que. in each) -13 3 

4 MATCHING LIST 3 -13 

INTEGER TYPE 7 05 3 
.

Total 30 90 

FST 01 (Class XI Syl{~btls);&,FST 02 (ciistXIISyllabus) Pattern 


S.No. 

'. 

I· 'lyb:eQ.fQU~. 
... 

No. ofQues. 

.. 

MarksAI16tted,.: 
Per Que. 

. '~'''' 

; Nega:tive Marks 

1 SCQ 5 3 -1 
2 MCQ 5 3 0 
3 PARAGRAPH TYPE 4 (2 Paragraph, 2 que. each) 3 -1 

4 MATCHING LIST 1 3 -1 

i 5 INTEGER 5 3 0 

I . Total 20 60 

FSTs 3 (Class XI+Xn Syllabus) Pattern 


S~No. Type of Que. No. of Ques. Marks Allotted 
Per Que. 

Negative Marks 

1 SeQ 10 3 -1 
.2 MCQ 

._. 

10 3 0 
3 PARAGRAPH TYPE 8 (4 Paragraph, 2 que. each) 3 -1 I 

4 MATCHING LIST 2 3 -1 

5 INTEGER 10 3 0 

Total 40 120 
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PARTT~S,. -1 (PT-H 

TOPI'C':'MEG'HANICS:::{JL.Ass~)(r .... 

. ~:.'.' . . - .'. - - - ,.. . 

Duratibn: 1. Hour 	 -,,;.". J~.~:Marks : 90 

(
\ 

GENERAL INSTRUCTIONS· 

1. 	 This Question Paper contains 30 questions. 

(2. 	 For each question in Secti()n"!',you Will be a.ward~d3 Marks if y.ou giye the cort~ct answer and 

Zero Mark if no answerisgiven:lnall .othe'r cases, minus one (-1) Markwill be awarded . 

. 3. For each question in Section II , you will be awarded 3 Marks if you give the correct i3nswer. There is 

no negative marking. 

( 
4. For each question in Section III, you~iII be awarded 3 Marks if you give the.correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-:-1) Mark w'iH be awarded. 

" \. 
5. For each question in Section IV, you will be awarded 3 Marks if you give the correct answer and zero 

Mark if no answer is given, In all other cases, minus one (-1) Mark will be awarded. 

6. For each question in Section V,you will be awarded 3 Marks if you give the correct answer. There is 

f 
\. no negative marking. 

f 
\. 

( 	 .. SECTION.; I ..
" 

. StraightObj~6ti"e Type 
( This section contains 7 Single cho!cequestions. Each question has choices (A), (8), (C) and (D), out of 

which ONLY ONE is correct. 
( 

( 1. 	 An automobile enters aturnof radius R. If the ro.adis tlanked.at anangJeof 4qoand .the coefficient of 

friction is 1, the minimum and maximum spe.ed with which the au to mobil.e can negotiate the tum( 
.without skidding is : . 

,( 
\. 

, (Al fj and ...{r9 (8) fr9 and fr9 . (C} frj and 2.{r9 (D) 0 and infinite ( . 2 . 

C 2~ Figure shows the roller coaster track. Each car will start from rest 

( at point A and will (911 with negligible friction. It is important that 

there should be at least some small positive normal force exerted 
C by the track on the car at al.1 points,' otherwise the car would leave 

the track. With the above fact, the minimum safe value for the radius (, 
of curvature at pOint 8 is (g =1Om/s2) : 

C (A) 20 m 
(8) 10 m

( 
(C)40 m 

/ (D) 25 m . C 

C 

" A 

T 
25m 

http:tlanked.at
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f 
I3. 	 Two masses m1and m2vy~ichC3re cq,~nectedwit~a .Iight string,arepl9ced over a L·. ", 

frictionless pulley; ThissettJp ispJaced Oljer~a ~eighing.:.machine;,~s shown. 
!f.r?i\Y~....Three combinationof massesm~ and m2are used,in first case m1 =6 kg and m2 
=2 kg, in secondcaseRl1 :·.5 kg, andr:n2=~kg.ahdin,thir(;r:Case,M1·~4kg and m2. 


. = 4 kg. Masses are held stationary initially and then released. If thexeadings.of. 

" .... l·:'.the weighing machine after the release in three cases are W1, W2and W3 


respectively then: .. 
 r . r'
! \ 
! . (A) W1 > W2 > W3 
i

.(8)W <W <W
·1 	 2 3 i ..(C) W 1 = W2 =W3 1::.;:,:::.,'.::. 

(D) W1 = W 2 <-W3 k'X): 
4. 	 The work done in increasing the size of a redangular soap film with dimensionsS em )(·3.75 cm-to 


10 cm.x 6 cm is 2 x to-4 J. The. surface tension of the film inN/m is:. 

(A) 1.65 x 10-2 . (8) 3.3x1 0-2 .. , (C)6.6. x 10:':2' . (D) S.25 x 10-2 

5. 	 The property of surface tension is to: 
(A) increase the volume 	 (8) .decrease the volume 
(C) increase the surface area 	 (D) decrease the surface area 

6. 	 A sheil ()fmass 2 mpJojected with a spe'ed 'u' at an angle 8 to the l1orizont~1 e~~lodesatthe high~st 

point olits motioh intotwo pieces of mass' m' each. Ifone piece Whoseiniticil speediszero, falls 

vertically, the distance at which the other piece 'will fall from the gun is given by : 


3 u2 sin28 .' 3 u2 sin 28 u2 sin 28 
(A) g (8) 2" g (C) g (D) none of these 

7; 	 Aman of SO kg attempts tojump from a small boatof mass 40 kg on to the shore. He can generate a 

relative velocity of 6 mls between himself and boat. His velocity towards the shore is : 

(A) 4 mls (8) 8 mls (C) 2 mls (D) 3 mls 

Weighing Machine 
.. 

SECTION-II \." " 

MuLtiple Correct Answers Type (- "" 
\, .'

. This section contains 7 Multiple choice questions. Each question has.4 choices (A), (8), (C) .and (D), out 
ofwhich ONE OR MORE may be correct. 

8. 	 A ball tie'(j to the end of a string swings in a vertical Circle under the influence of gravity 

(A)' 	 When the st~rngri1akescin angle 900 with the vertical' the tang(3ntialacceleration.is.zerQallld radial 
ciccelerationissomewherebetween maximum and minimum.·' ,.. 

(8) 	 when the string makes an angle 900 with the vertical, the tangential accelerati.pnis~maximum and 
ra.dial acceleration is somewhere between maximum and minimum 

.('

(C) '. at no place in the circular motion, tangential acceleration is equal to radial acceleration \..-

(D)' throughout the pathwhenever radial acceleration has its extreme value,thetarigentialacceleration ( , 

\..../is zero. 

":'-""9. 	 A particle moves along the X-axis as 
x = u(t - 2) +a(t ~2)2 	 ( , 

\...J'
(A) the initial velocity of the particle is u . (8) the acceleration of the particle is a 

(C) the acceleration of the particle is 2a (D) at't =25 particle' is at the origin. 

1O. ·Ifthe resultant force on asystem of particles is non-zero, then: 	 I\
.0. 

(A) T.he linear momentum of the system must increase. 
(8)The veloCity ofthe.centre of mass of the system ml.)st change. 

(C) The distance of the centre of mass may remain constant from a fixed point 

(D) kinetic energy of all particles must either increase simultaneuosly~r decreas~ Simultaneously. 

. / ' 
. .\.../.

"i-:~esonance 	 .'. 
"..>f:-'i.!Od!Jealing for betterlomorrow.<'1';*;'-:'

"" ·>}iD:,':>l:;<;'"o;,~· ", . ' . ~i::it;; 

c 

c 

http:thexeadings.of
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····11•.. ,,' A projectile has initial:velocity Vo relativetothe large plate which is moving upWradswitha Constant upwards 
acceleration 'a', Which of the following rel'l1ains.equal fortheobservesAalld.B,:. 

.a, ,~:+",). 
l 	 y

(, 	 i#k!M¥1m;i 
, 

" .. '. ' ....•..... x 
f" ·~c·;················.".··.·.·.· 	 L\, .: B 


i§j'Statioriaiy ~ 


(A) maximum height~ (B) distance travell~ {C)tlme of flight . (D) ~one of these 

12. 	 Two particle P and Q are in motion un<;ler;gravity. Then: 

(A)' their relative acceleration is constant but not zerO' 

(B) their relative velocity isco'nstant. ',' ., 


, (C) their centre of mass has constant velocity 

'. (O) their centfe'0fmasshas constantacceleration.· 

(' 

\. 13. In the figureshownAOB& BEF are two fixed circular paths. A block of 

mass m enters in the tube AOB throughpointA withminimum velocity 


( to reach point B. From there it moves on another tirc:ular'path ofi'adius ;:A 


R'. There it is just able to complete the circle. . .' 


(A) velocityat~ mu'st be~4Rg 	 (B) velocity atA must be ,J2Rg 

R' 2 
( (C) R ="3 	 (O) the. normal reaction at point E is 6mg 

( 14. The displacement of a body from a reference point is given by, JX = 2 t - 3, where' x' is in metres and 
t in seconds. This j;hows that the body: 


(, (A) is at rest at t= 3/2 (B) is accelerated 

(C) is decelerated (O) is in uniform motion 


( 

" SEctioN - HI 
(

". . Comii'tehehsion'Type 
.this secticn contains 3 Paragraphs; 'aased upon 8ach pa'ragraph, 2:Multiple choice questions have 
to be answered. Each question has 4 choices (A), (8), (C) and (0), out of which ONLY ONE is correct. 

. ':::':j ,:.' 

c 
, .,.Pan;iQr~ph!f,orig~~~1!QQ·Nq$,t~t() 1~,,· !'-:( 
 • ' " • 'F ~ "'. -, ', ••~. " .~. ~ 


Consider a star and two planet system. Th~,stqrh?~I11<iss.M. The planets A and B have the same 
mass m, radius a and they revolve around the s~ar'il)cjrcul~r6r~HsoJ:ridfiJ:~-rao(r4r,:respe'qively (M > ( 
> m, r> > a). Planet A has intelligent life and fhepeopreof ttiis'planCet'h~veachievedaveryhigh degree 
of technological advance. They wish to shift a.geostatlpnarysatelliteof th~irownplaneHoa geostationary( 
orbit of planet B. They achieve this through ~seriesbfhigh,precisionrrianeuvers.in which the satellite 
never has to apply brakes and not a single joule_otenergyis:was.ted::;S~ isag~qstaJi()IJ~!y~atellite of 
planet A and 52 is a geostationary satellite of planet B. Neglect interaction between Aand B, 51 and 52' 
51 and B & 52 a!1~ A..'L 	 : "'.' ',,'. 

/ ....•...:::::.~' ..\. 
;' . "\ :.~~. 
\ ,1 "I"S 
\. star ./c 	 '~"'" .......~~ 


.'"'.~ .4·~ 
'.~.. ...... 

E 

c 
c 

http:seriesbfhigh,precisionrrianeuvers.in
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15. If the time period of the satellite in geostationary orbit ofplanet Ais T; then its time period in geostationary 
; 

orbit of planet 8 is : L ... f·---·C" 

{A)T . (8)4T .. .... . f;-' 
!.(e) 8 T (D) Data insufficient 

16. .If the radius of the geostationary o~bit in plan~tAi$ g'iv~n~yrG~' ~ (~ )113, then the time in~hich the 

,geastationarysateUite Will <kmplete 1 revolution is . . . 

I. 1 planet year ~ time in which planetrevolv:e~·aro(md.the star 
II. 1 planet day ::d t.ime in which planet revolves abQutits axis: 
(A) I ' .. ~ '.' .' . ..... .., (shl,L" 
(e) both I and II (D) neither rnor II . 

Paragraph for Question Nos. 17 . to .18 

A particle moves in xy-plane according to the equations x =at and y =at{1 - pt)where a and pare positive 
constants and t is time. 

17. Equation of the trajectory (path) of tneparticle i~ : . : " ~:: 

(A) y= X(1- ;x} ". (8) Y=X(1-! ~J (C)y =ax{1 - px) (D) Y = px(1, -ax) 

. '.. . 1 
18. Speed ofthe particle at timet = 413 is: 

{A)Taa (8) .J3 .. (e) J5a ' (0)-/5 ~ .' 

.2 2 2 '2 1-" 


Paragraph forQLJe~tionNos~'19 ·to 20 
. i .-.," '''; ~ ~._~ -.' .' 

.' .. 

Experiment 1:The student pus):l~\s hori~Qnt?IJY{rightward) on the crate ofmass 1.00 kg and gradually 
inc::reases thes~rengthofthis,pushforce.ThecrC;1te·d~es'D(JtQ~gjn to.move until the pushforce reaches 
400 N.. 
Experiment 2 : The student applies a constant horizontal (rightward)· push force for 1.0 s and measures 
how far the crate moves duringthat time interval. In each trial the crate starts at rest, and the student 
stops pushing after thef.O:s' interval.The'fdHoYtingfab'(elslJmrtlaiizes th~ results. 

'. .: .;.' '. "'~; .>', . 

Trial .Pushforce(N)I Distance (m)' 

1 '566'~15 
2 6PO 2 

.3.· TOO. I •. 2.5 
" ~, ' 

:',} 

19. The coefficient of static friction between the crate and the floor is appr~xim~teIY: .•. 

(A) 0.25 . (8) 0.40 {e} 2.5 (0) 4.0 

20. In experiment 1, when the rightward push force was 50 N the cratedidn'tl11ove.Why didn'fit move? 

(A) The push force.was weaker than the frictf6nal force on the crate' .; ..,' "; . 

(8) The push force had the same strength as the gravitational force on the crate . 
(e) The push force was stronger than the frictional force on thecrafe 

(O}The push force had the same strength as the frictional force on the crate 
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'SECT.JbN~ IV; " , , ',. 
'-'-<,""" Matching listTy~,:(¢niy'On~"Option Correct)c 

This section contains 3 questions, each having two matching lists. Choices for the correct combination of 
elements,from List-I and List-II are given as options (A), (B)" (C) and (D) Qutot wlilCh ONE is correct. 

dCj21. 'Apartlcle istakem to adi~tance r (> R}fr~m'centreof the earth. R is radius of the earth. It is given 

velocity V which is perpendicular to r . With the given values of V in column I youhav~ to match the . . . :.... . . 

values of total energy and path of partlcle'n column II. Here 'G'js·the gr~vitatiQn~l.co"stantand 'M' is 

the mass of the earth. 

List I (Velocity) List II 

P. V = ../GMJr 1. Total energy Negative 

Q. V =J2GM/r .2. TO,tal energy Positive c' 
R. V> ../2GM/r 3. ' Total energy Zero 

( 
S. ../GM/r <: V <: ./2GM/r 4. Path is circular 

(A) P-1, 0-3, R-4, S-1 (B) P~3, 0-1, R-2, 8-3 

(C) P-2, Q-2, R-1, 8-4 (D) P-4, 0-3, R-2,8-1 

"\ 22. An arrangement of the pipes is shown in the figure. The flow of water (inCOmpressible and nonviscous) 

( 

through the pipes is steady in nature. Three sections of the pipe are marked in which section 1 and

'" 
( section 2 are at same horizontal level, while being at a greater height than section 3. Correctly match 
\. 

order of the different physical parameter-with the options given. 
I 
"

.: : R2
R,( 


' , 
 R2>R, 
C " 

", 

Section 1 Section 2 
',' 

&l. 
'= 

I 
\ 

." 

. 
( 

,Section 3 " 

( ,L,istl, List II 

( P. volume flow rate, 1.' same everywhere ',. 

O. kinetic energy per unit mass 2.sarpe at 2 and:3 1.c !R,; pressure intlie. sections. 3. maximum at 1 


s.;flowspeedinsetti6ns 4; minimumat·1, 

:,.~ :"...<:': ~., f . 

(A)P-1 ;Q.;1, R4,S-1'" ' (B},P-2;Q-:3, R-4,8-2 

{ (C)P-4, 0-2, R-3,S4' ' '(O) ,P-3, 0-3, R';3,S-2 , 
\~ 

,
'--

" 
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23. 	 A uniform disc of mass M andradius Rlies on a fixed rough horizontal surface at time t = O.lnitial angular 
. veloCitY 000t eachdii;c (magnitude and .sens~of~~~f@lfancrho'i-l~ontarvelocityv~ of centre ofmfliss is ' 
shown for each situation ofcolumn:-I. Match each si.rllation i,n column-:I with,the results given in coltJmn~II. 

. List-l;'" '. .., Lj'$t.:lf~'\;' i . ··':~:.,;·;r::Yr':::; ., .. 

.:-.

vo 
P. ~ 

. 1. Th~ magl'}itudeofcmgula~~peedkeeps on decreasing till 

tbe disc starts rolling wfthoutslipping. 
;, •. ,,".," 	 :";.::~-: "';",,"t -,. ....' ._'•._, .•. ~,;~_:.ltis given that"o'~2R(()0 

Q. vo 
2. After the disc sta'rts rolling without slipping, the angular 

velocity is nonzero and in clockWise sense; 
It isgjven that 2vo =Roo 

R. 3. After the disc starts rolling without slipping, the velocity of 

centre of disc is towards right. 
Itis given!hat Vo = 2Roo 

4 0 

s. 4. Afterthe disc starts rollingwitnoutslippiQg, the . kinetic 

\. ./energy of disc is less .than its initial value. 
It is given that 2vo =Roo 

(A)P-1, Q-1, R-1,S-3 '. (8). P-2, 0-2, R-2,S-3 

(C)P-1, 0-3, R-4,S-2 (0) P-2, Q-4, R-3,S-3 

SE:CTION-V 
Intege.r value correct Type 

This section contains. 7 questions. The an~wer to each qUElstion is a. integer type. 

24. 	 The ratio of work done.by theintemalforces J,f a car in orqer to change its. speed from 0 to V and from Vto 
· X .- . 
2Vis"3 then Xis (AssumethcUthe ciirmovesOna horizontal road)'

25. 	 Aweightless rod of length 2£ carries two equal masses 'm" one tied atIQWer;;~dA Clne! th.eother at the 
( ". 

·middle of the rod atB. The rod can JQtate in vertical plane abQut a fixed h()rizQotalaxis passing through C. ''.J 

·The rod is released from restln horizontal position. The speed of the Smass B:~tthe instant rod, become 

vertiCal iS~~9t then Xis. 



I 
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26. A body is thrown hdrizontallywith~a v~loc:ity}2gh frdrn}he~op.Of CiJpwer of h~ight h. It strikes the level 

g'round tht6UQtftne'foOf?fthe toy/era~adistarce:'xh!:f~om,the tower, The,valuee()t)C:iS;." 
, .,.... t'l" . . -".. - ", . - . 

" "-7. , Twopar1iclesare projected simulta,neO.l,isly,withthe same speedvin the, same'vertica,1 plane with 

angles of elevation 8 and 28, where e< 450 
, Their velocity becomes parallel at t= ~{%) what will be , 

\. 
 , , ' 


(j value of ~f'n"\ &.;0 fgr v = 2o-Jim/s and I) =,30° take 9 =1 Om/s2 , 

( 

"28. 	 A man can swim in still water with a speed of3 m/s. xahd yaxis are drawn 'along and normal to the bank of 
r 	 river flowing to rightwith a speedof1' m/s. The man starts~wimming from origin 0 at t = 0 second. Assume 

size of man to be negligible. locus of all the, possible pOints where man can reach at t = 1 sec. is 
(x-a):2 + y~=: c2 Find value of ac2 

(. 

( 

( 

( 

I. 	 29. In the figure shown a small block 'B' of mass 'm'is released frOryl the top pf a smooth moyablewedge'~ of 
the same mass 'm'. 'B' ascends another movable smooth wedge 'C' of the same mass. Neglecting 

\." 
, h" 

friction any where the maximum height attained by 'B' on 'C' is 2x Find the value of x.( 

i 
h( 1 

c 
30. A cylinder rotating at an angular speed of 50 rev/s is brought in contact with an identical stationary 

cylinder. Because of the kinetic friction, torques act on the two cylinders, accele~ating the stationary 
( one and decelerating the moving one. If the common magnitude of the acceleration,and dece,leration be 

one revolution per second square. If it take before the two cylinders have equal angular speed is 5 x 
C' second then x is. ' " 

( 

( 

C 

C 
" 

( 

C 

C 

C 

--"'- '.,', ~ 
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Duration : 1 Hour 	 Max. Marks·: 90 ! 

I; 

GENERAL INSTRUCTIONS 	 t: 
i 
tI. :. . 

1. 	 This Question Paper contains 30 questions. t?k'); 
2. 	 For each question in Section I, you will be awarded 3 M~rks if you give the correct answer and l" . . _ 	 -. '. '" :', . .' ," 

Zero Mark if ho answer,iS given. In all other cases, minus one (...,.1) Mark will be awarded. 
;--

3. 	 For each question in Section II , you will be awarde,d 3 Marks if you give the correct answer. There is 

no negativerharking~ 

4. 	 For each question in Section III, you will be awarded 3 Marks if you give the correct aliswerand zero 

Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. 

5. 	 For each question in Section IV, you will be awarded 3 Marks if you give the correct answer and zero ( 
\ .. 

Mark ifno answer is given. In all other cases, minus one (-1) Markwill be awarded. (' 

6. 	 For each question in Section V, you will be awarded 3 Marks if you give the correct answer. There is 

no negative marking. 
\. 

I - .SECTION ~ I 
Straight Objective Type 

This section contains 7 Single choice questions. Each question has choices (A), (8), (C) and (0), out of 
which ONLY ONE is correct. 

c
1. 	 Maxwell's velocity distribution curve is given for two different 

temperatures. For the given curves. 
(A)T1 > T2 . 
(!.3)T1 <T2 
(C)T1~T2 
(0)T1=T2 

212 gm He and 4gm H2is filled in a container of volume 20 litre maintained at temperature 300 K. The 
pressure of the mixture is nearly: . . . . 
(A) 3 atm (8) 5 atm (C) 6.25 atm (0) 12.5 atm 

3. 	 Which of the following will have maximum total kinetic energy at temperature 300 K. 

1 l' 1 3 
(A) 1 kg H2 (8) 1 kg He (C) 2 kg H2 + 2 kg He (0) 4'kg H2 + 4' kg He 

4. 	 A ring shaped tube contains two ideal gases with equal masses and atomic mass p 
numbers M1 =: 32 and M2 =28. The gases are separated by one fixed partition P and 
another movable conducting partition S which can move freely without friction inside 

'. the· ring. The angle a as shown in the figure in equilibrium is: 

7n 	 8n 
(A) 8 	 (8) 

. 
-
7 

15n 	 16n 
(C) 16 	 (0) 15 
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5. 	 In an experiment the speeds orany five molecules of.an ideal gas are recorded. The E:1xperiment is 
repeated N times where N is very large. The average of recorded values,is : '. . . 

. J2RT .. ")8R';-'" ."J3RT" ·····7u ···'···· 
r (A) M,(8) 1tM (C) M' (D;)Mi' .' 

6. Temperature at which Fahrepheit and Keivinpaifof scales' give the same r~a~in~WiUbe: . 

r' (A) e=-40 (8) (} =40 . (C) (} =574.25 (0) 512.45 

" 7. 	 n moles of a gas filled .in a container~t tE:1mperature T Is in' thermbdYn!arAic',(j"[]E". 
() 	 ~q~iIi.b~ium initially. ~!. the gas is compressed slowlyandls. othe.r.rricil.lytohcHf' ' .. " . ' .... . 

Its mltlal volume tlie work done by the atmosphere on the piston IS: .... ' ... . 

nRT riRT . (" 1)'· . . .' 
(A)-- (8)--- (C)nRTin2-- (0)-nRTln2

2 2 	 2·. 

( 	 •.~:, ! ' 

SECTION-II 
. . . Multiple Correet'AnsWers Type .. .... . 

. This section contains 7 Multiple choice questions. Each question has 4 Choices:OX),'(8)',"(C)'i:md (0), out 
ofwhich ONEORMOREmaybecoiTect .",'.,'.' " ".,:.' 

{ 
\. 	 . . 

8. 	 During an experiment; an ideal gas is found tObbzey acondition - =constant [p= density of the gas]. The 
( 	 .'. .... p 
\ 

. .., .... '. .'. p 
gas is initially at temperature T, pressure P and density p.The gas expands S~Ch t~t dens~ty changes to 2' 
(A) The pressure of the gas changes to J2 p.( 

(8) The temperature of the gas changes to.f2 T. 
C (C) The graph ofthe above process on the P':'Tdiagramis parabola. 

(D) The graph of the above process on the P-T diagram is hyperbola.( 
9. When the temperature of a copper coin is raised by BO°C, its diameter increases by 0.2%, 

C (A) percentage rise in the area of a face is 0.4% 
(8} percentage rise in the thickness is 0.4% 

C 	 (C) percentage rise in the volume is 0.6% 
. (D}coefficient oflinear expansion of copper is 0.25xtp-4 IOC.

C· 
10. 	 Graph shoWs a hypothetical speed distribution for asample of Ngas 

p2 

'. 	 .'. ,dN 
particles (for V> Va: dV =0).>.", 

.. ' 

( (A) The value of aVais 2N. 
(8) The ratio VavgNa is equal to 213. 

{ (C) The ratio VrmiVa is equalto 11J2. 
(D) Three fourth 6fthetotal particle has a speed between 0.5 Va andVa. 

. ~C 
11. Pick the co(reptsJ~tement(s): .... > .... ..'" .<i .•.... '.<" .: .' ..•... ".i.. 


( (A) The rms tran?Jatio!,)al speed for all ideal-gas rnQlecuh;}s at the same temperature is not the 

same butit depends on the mass:' ..,.. . ., 


C 
(8) Each particle in a gas has average translational kinetic energy and the ~quc:ttionimv2rms =% 

C 	 kT establishes the relationship between thea\ierage translational kinetic energy·per particle 
ahdtemperatureof anideakgas. ·Itcan be concluded that singlepar1icletl~s atemp~rature... " 

C. 	 (C) Temperature of an ideal gas is doubled from 100°C to 200°C. The aver~ge kinetic energy ·of 
each particle is also doubled. . 

( 
\.- (D) It is possible for both the pressure and volume of a monoatomic ideal gas to change 

{ simultaneously without causing the internal energy of the gas to change. 
L 

C 
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':';'12.' 	 An ideal gas undergoes a cyclic<process abcda which is shown by ·"P 

pressure- density curve. 

(A) Work done by the ga9 in the process 'bc~ is zero . , 
? 	 ..... (8) Work done by the gas in the process 'cd' is negative 

...... .a(C) Internal energy of the gas at point 'a' is greater than at state '.c' d",;. I,f'......... b .
I;

(D) Net work done by the gas in the cycle is negative. 
. .' ". " .- ( 	

~PI :P2· p 

13.... 	 The emissive power ota black body. at T =300 K is 100 Wattlm2• Consider a body 8 of area A = 10m2 

cOeffiCiemt of refleGtivity r' =:: 0.3 and .coefficienfof transmission t =0.5 and attemperature '300 K. Then 
which of the foJlowing is COHect :,. . ..... " .. ' .. ~/, ". .... . ..... ", 

• _ , '.,' - ,'., 	 ., " •. ·1" '" .-> " .. '. 

(A) The .emissive power ot8 is 20 W/m2 (8) The emissive power of 8 is 200 W/m2 
.' (C)The 'power emitted by B is 200 Watts (D) The emissivity of B'is = 0:2 . 

14. 	 The ends of a roq o.f uniform thermal conductivity are maintained at different (constant) temperatures. After 

the steady state Isactlieved : ." . . 
(A) heat flows in the rod from high temperature to low temperature even ifthe rod has nonuniform cro~s 

sectional area.' .'. . . ...' . . 

(B) temperature gradient along length is same even if the rod has non uniformcross sectional area. 
(C):heat current is same even if the rod has non-uniform cross sectional area. 

(D) if the rod has uniform cross sectional area the temperature is same'13tall points ofthe rod. 

SECTION· III 

.' C;ompreben$ion. Type (' 

This section contains 3 Paragraphs. Based upon each paragraph, 2 Multiple choice questions have 
to be answered. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct. 

Paragraph for QUestion Nos. 15 to 16 
( '. 

The atmospheric lapse rate \_, 

For small volumes of gas, according to KINETIC THEORY OF GASES, all parts of the gas are at the 
same temperature. But for huge volumes of gas like atmosphere, assumption of a uniform temperature 
throughout the gas is not valid. Different parts of the atmosphere are at different temperatures. Apart (' 

\.. / 

from the surface of the earth, variations also occur in temperature at different heights in the atmosphere. 
The decrease in tem'perature with height called theATMOSPH ERIC LAPSERATE is similar-at various 
locations across the surfa.ce of the Earth .. By C'i)nalyzing mec;latacollected at various lo~~tions, it,is 
found that average global lapse rate is - 6.7°C/Kfri; > . . ..,.: ":<'~")'<'::': .• 

ThEHinear decrease with temperature only occurs in the loWer part ot.,the atmosphere"called the 
. 	 ~~ 

TROPOSPHERE. This is the part of the atmosphere in which weather occursand our planes fly. Above 
1'. 

the troposphere is the stratqsphere. with an imaginary boundary separating the two layers. In the 

stratosphere, temperature tends to be relatively constant. ; ., •. ' . 


~',:At)sorption ofsunlightatth,e Earth'ssurl'acewarrn5.thetrop.O,sphere ~r.ol'Tlbelow, sO ..v.ertical convection 

."i~:curre.ntsarecontin~ally mixing in the. air. As a parcel of air rises,its pressure drops and it expands. 


". The parcel does work on its surrounding, so that its internal energy and therefore,its.te01perature 
drops. Assume that the vertical mixlngisso rapid as to be adiabatic and'the quantity 
TP(l-r)fr has a, unifcwn value through the layers oftroposphere.'c . ,{:,: ,< ,:. ., 

(Mis 'molecular mass of the air, R is universal gas. constant, g isgravitationalacc" Pand Tare 
pressure and telJlperature respectively.attn(3·point under considerationahd y is height!) . 

/." 
15•... ~ :if~.ehavlour of the mixing of parcels of air is approximately assumed to be'adlaba(j6\h~n lapse rate can 

:;, " be expressed as:~",: .........;> 
. P dp 	 YJdP (C) - y-1 gM

(A) --(1' 1)(1 (8) PT(1yd;. 	 (D) f(1-+J:~ ._.. ,T Y 	 Y R 

L 

http:surfa.ce
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16. Mechanical eqljilibrium of the atmospherE3 r~quiresthat th~ pressure cleGre;~!?es with al~itude acc,ording . 

dP. ':' ... ,... . .:':',,:. -'''\,' .' ·· .. ,·.~"c .•-~.,_··.-
to dY = - pg. Assvming' free fall acceleration to be uniform; then lapse rate is given by 

( 

(A) -(1-~J~g (B) (1-n~g . (0) ~:(y_1)Mg .. (D}-y Mg
.R R 

Paragraph for Question Nos. 17to 18'(j 

E' 

\, 	 A 0.60 kg sample of water and a samplE3 of ice are pla<:;:ed in two compartments A and B that are' 

separated by a conducting wall, in a thermally insulated container. The rate of heat transfer from the 

water to the ice through the conducting wall is constant P;UhtiLlhermal equiHbriumisreached. The 

( temperature T of the liquid water and the ice are given in graph as fUnctions of time t~ Temperature of 

the each compartment remain homogeneous during whole heat transfer process~ 
( Given specific heat of ice = 2100 J/kg-I< . " .,,'," 

Given specific heat of wateL= 4200 J/kg-K ( 
Latent heat of fusion of ice = 3.. 3 x 105 J/kg 

;' 

I.:. 

40 

20 

U 
L. 
I- 0 

conducting wall ( 	 wall, .. 	
-20 

" 
( 

-=--=:.-=-.:--=:-~-=:1: -: :.\'6: .:.: 
------  * .... • ' •• 
- -water,-  -. ,-'Ice , • 

, " 

Insulating 

I\. 
.JatJr 

f'\., 
.f'\., 

V 
./ '"
V Ice../'

V
../' 

---7 t (min) 

20 40 	 60 80 
,U

t (minutes) 

( 

17 The value of rate P is 

(A) 42.0 W (8) 36.0 W (C}21.0W (O) 18.0 W 

18. The initial mass of the ice in the container is equal to 

(A) 0.36 kg (8) 1.2 kg (C) 2.4 kg (O) 3:6 kgC 

( 
Paragraph for Question Nos. 19 to 20 

{
'. 

A quantity of an ideal monoatomi.c gas consist;; of n moles initially at temperature T1• The pres~,ure and 
( volume both are then slowly doubled in such a manner so as to trace out a straight.line on a P-V 

diagram.
L 

19. For this process, the ratio n':r is equal to (where W is work done by the gas): 
·1· 

(Al1.5 (8)3 	 (C)4.5 (0)6C 
.. 	 . Q 

t. 20. For the.same process; the ratio is equal to (where Q is heat suppli~d to the gas):
nRT1 

( 

It. 
(A) 1.5 (B)3 	 (C) 4.5 (0}6 

L 
(;

" 
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,: ;':", . (:~ .: ;-' ,'. 
SECTION";; iV . 

Matgh,i'19 U~tJyp~«)nIYJ;>I1e,Qp~iqri ,Cqrre~O";1~~" ... 
This section contains 3 questions, each having two matching lists. Choices forthe ,correct combination of 

elements from Ust-I and Ust-llaregjvenas options (A), (B), (C)and(O) out ofwhich ONE is correct. 
,- ."':: . 	 . . '. _,f. 

. 	 .' - . . 

21. The figures givenbelow show different processes (relatjngpre~~ur~ P and volume V) for a given amount 
of an ideal gas. llW is work done by the gas and LiQ is beatabsorbed by the gas. . " .,'. .'. . '. . . 

pPi ./ -
..pr~~ 	 "~'.. ' ''': " 

. '.-. -, .Pb:v 
. .' )V~w ~v 	

' 

fig (I) . fig (ii) 	 , fig (iii) .' fig (iv) 

List-I 	 Lsist-ll.· 
P. In Figure (i) 	 1; LlQ"; O. 
O. In Figure (ii) 	 2. llW< O. 
R. In Figure (iii) 	 :t,!l(l " O. 
S. In Figure (iv)(forcomplete cycle) 4.11W> O. 
(A) P-1, Q-4, R-4,S-3 (B) P-2, Q-1, R-2,S-3 

(cj 'P-2, Q-2, R-3,S-4 , (0) P-4, Q-3, R-1,S-3 


22. 	 A sample of gas goes from state A to stateS in four different manners, as sho~n 'by the ~r~;ptis. Let W 
be the work done by the gas and llU be change in internal energy along the path AB.Correctly match 
the graphs with the statements provided",' ; .. ,,': ,;';f;1,:;,t, ~.. 

List I 	 List II ,., , . 

v 

2Vot- ....~ . 

P. Va tAf- ........ _.. -)8' 
1. W is, positive 

: : • P . 

Po 2Po 


Q.P:~ ... 
2. llU is negative 

, < ,'J' 

.• T 

T 	
.~-

~..: . 

, T [ A 

R. T i2'.•:t', 8 	 .• '.: . :t W is negative· ~ .. L- .. ~ :. 	 i . 
_. V 2'V .V 

o .' 	 o. 
.::, { ..•.. 

P 
.,;: 	 .;:; ,-~.;.:...< , 

:0 	 4. AU is positive S. 

L..---'-_..;.....,._........ V
~ 

States A and B are very close 
(A)P-1, Q-l, R-1,S-3 . (B)P-2, Q-2, R-2,S-3 
(C) P-3, 0-2, R-1,S-1 	 (0) P-4, 0-2, R-3,S-1 
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23. Acopper rod (initially at room temperc;1ture;2.0.°C)of ngn-uniform cros~ section is placed .betweena 

~team oJ'lamberat.1pO:.C,anqice-w.f:!e:r8h,<3r;nber at O°C. 

(-
(A) P-1, Q-1, R-1,S-3 (8) P-1, Q-4, R-3,S-4 

\. (C) P-2, Q-2, R-2,S-3 (D) P-2, Q-2, R.,3,S-3 

( 
\.. 

SECTION - V 
f 
\. Integer value correct Type· 
( 
\ This section contains 7 questions. The answer to each question is a integer type. 

c'
\.. 

24. The thermal conductance (reciprocal of the thermal resistance) for axial flow of a truncated cone of length l, 
r 
"-

the radius of the two ends are r 
1 
and r

2 
assJrn'ingthat the~niarcbriductiVitY·(jftheirfateriafiSkis·ltk(r1r2)"2. 

( 
Find the value of n2. 

( 

H 
l 

lr2r1 

( 

( 

25. One m'ole of monoaJomic ideal gas undergoes a process ABC as shown in figure. The maximum( 

. CondLicting rod 

1000 

Steam 
r Chamber Ii _ 
\. 

A 

( List I 

P. Initially rate. of heat flow ( ~~) will be 

( 

r Q. At steady state rate.ofheat flow ( ~~)will be 

" 
( 

R. At steady state temper;ture gradient 'I(::)1 will be 
r 
\.. 

r S. At steady state rate of change of temperature (~~)
" 

at a certain point will be 

temperature ofthe gas during the process ABC is in the form 

P 
BC 

3PI- - - --I-6
. A 1 

- - - 1 .L 2Ppt ---~ -_1 -- C 
1 I I' 

V 2~ s'v'v 

I 
00 

. Ice Water<
Chamber 

C 

List II 

1. maximum at section A 

. . 
2.'maximul11 at section 8 

3. minimum at sectib~'C 

4. same for all section 

X:V. Find X. 

( 
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.26. 	 One ;nole of an ideal gas is keptehc:::losedl,mder a light'pi$ton (area=1 0:,2 m2}conneCted,b~.~.compressed . 
. ~ ". . ",.,'" .... ",.,' ",;~..,' - ,,' ',,: ,;'" : -" :;'"',, 

spring (spring constant 200 N/m). Thevolume orgas'is 0.83 in3 andjts tEmlperatute is1 ooK.The ~as 

is he~tedsothat it. compresses the sprin~:tfur:ther by 0.1 m. Find. the work done by theg~s.Jn the 

process in joules? (Take R = 8.3 J/K-mole and supposeJhere isnQatmosphere).>:;~"'· . 
. . . 	 'R~ 

'-. ~-,. '. 

,;;" 

27. ·,.A pistonc~!'lfreeIY;m9ve inside a horizontal cylinder closed from both ends. Initially. the piston separates i 
, '. '.< ..~'. ,':',';-:; :"', "'. '/ : '•. ",i.' ,,;~, ,;.;'" -. . ,'- '.' . ",;-',' -/: 0,' .' • _. _: '" " • '. " ' ".: '>:,:_, ",;' 1'_" ""'-:: ," 

theillsiqespac~of the cylinder into two equal parts each of volume Vorinwhic~,:ahJde.al Qas is 

contajflecjl;lnp~rth~,same pressure po;ancj ~t thesame temperature.Work"hi;ls to be'~,~ryormed . in 
. - . ',. "':;+" 'i't":·."~::":·";.'<::;"·"'-:"'. ,,' . ~~"', 1'," :; ','; ":'.... ' .... '-,>._,'::: .." /,-,' _',::";~'./>'~ :-:-;.'-,::\~~-;, ":;~~;:':.":~' .. 

order.to increase isothermally the volume ofone part of gas 2 times compared to that of the other by 
" . ' ,'> ' • . , 	 '. \' .'- \ 

slowly movingthe piston is P V V in aX then. x is o 0 0 ' 	 "'/1 

-,,,', 

28. 	 Two rods ofsame dimensions,. but made. of different materials are joined end to end with their free ends being 

maintained at 1000 c andO°C-respectively. The temperature of the junction is 700C. Then the te'i1jperature of 

the junCtion if tna rods are interchanged Willbeequalt06x °C then)( is: 

29. 	 Assume a sample of an ideal gas in a; vesseL Where velocity of molecules are between 2 m/sec to 

5 m/sec and velocity of molecule~ (v) and number of molecules (n) are related as n =7v - v2 -1 O. The most 

probablevelocity;insampl~ is~m,5' then x is: 

'~," ,~ 

30 	 The mole.cule.~ofanide91 gas:~~vaQ degrees of freedom. The temperature of the gas isT. The average 
. ',:_, "'t:~_::,<:": "-'-,'.' -" ".', '" ·:"~',X;·-;'· "" -:',,:: .,," :, "'.' ~," .": -. ':.- " ' ,~,> _::__ :"~'.':":,:" 

- x 

translational kinetic energy of itsmolec;ules is 2 kT then x is: 


.i" ,~,"J 

http:order.to
http:Vorinwhic~,:ahJde.al
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PA~RTTE:ST -3 (PT-~) 

TOPI.G :S8M& .WAVES : C.LASS~~I 


Duration : ..1 Hour 	 Max. Marks.: 90 

(' GENERAL INSTRUCTIONS 
\ . 	 . 

, 1. This Question Paper contains 30 questions. 
(). 

2. 	 For. each question in Section I, you will be awarded 3 Marks if you give "the,·correct·answer and· 
Zero Mark if no answer is given. In all other cases, minus one (...;;,,1) Mark will be awarded. 

.". 	 . 

For each question in Section II , you will be awarded 3 Marks if you give the correct answer. There is 
no negative' marking.. 

For each question in S.ection III, you will be awarded 3 Marks if you give the correct answer and zero 
Mark if no answer is given. In all other cases;rTlinusone(;....1) Mark will be awarded. 

For each question in Section IV, you will be awarded 3Marks if you give .thecorrect answerand zero, 
"Mark if no answer is given~-In all other cases, minus one ("::1) Mark will be c:1wi3rded. 

.For each question in Section V, you will be awarded 3 Marks if you give the correct answer. There is 
no negative marking. 

SECTION-I( 
\ 

Straight Objective Type 
/ This section contains 7 Single choice questions. Each question has choices (A), (B), (C) and (D), out of"

which ONLY ONE is correct. 
( 

1. For a particle in S.H.M., if the amplitude of displacement is 'a' and the amplitude of velocity is 'v' the ( 
amplitude of acceleration is : 	 . 

f' 
\. 	 2 2v v	 v 

(A) va 	 (B) a (C) 2a (D) a 
C 

, t 

('~ 2. 	 , A system is shown in the figure. 


, 'The time period for small osciliations, olthe two blocks will be': " 

C 	

" (3m ,':' '.' 
, 

", ~31'n'.~-'(3rl1 	 &m . -." 	 ' 

L ,(A)2 P VT (B}2p Y2k (C) 2P Y4k {D)2p 8k 

( 3~ Two light strings,eachof lengtht, are fixed at points Aand B,on a x 


,fixed. horizontal rod xy:A small bob is tied by both strings and.in

(, 

equilibrium, the strings are making angle 45° with the rod. If the bob is 

slightly displaced /lormal to the plane of the strings and
C 
released'then period of th~ resulting small oscillation will be : 

C 
{A)21t ~2.J2i {B)21t /hi (C)21£ JfC 	 , g V" g . 

"':. 

(D) 21£ ~ .5.9 

y 

L 4. 	 A metre stick swinging in vertical plane about a fixed horizontal axis passing through 
its one end undergoes small oscillation of frequency f0 3S shownin figure; Ifthe 

/,'

'-. , bottom half of the stick were cut T
L 	 ~\{Alto 	 (B}.,fi fo (C} 2fo {D)2'..J2 fa 

C 



Y 

!, 
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5. 	 A rod of length I.. is in motion such th,at its ends A GlnO 8 are'rpoyiog 
"'. ' de " 

along x-axis and y-axisresp~ctiv:~ly. I! isgiven tr~t Cit =2{acj~~,alw€lYs,. 

P is afixed point on tnenod assho':Nrl ihfigure.'U::t Mbe theprojectioh 

of P on x-axis. For the time interval in which echanges from .a to ~, 

choose the correct statement: 

(A) The acceleration of M is always directed towards right 


, (8). M executes.SHM 


(e) M moves with constant speed 

(D) Mmoves with constant acceleration 

6. 	 Which of the following is greatest in SHM ? (assuming potential energy:: 0at mean position) 

.'(A) Average kinetic energy with resp,ect to.po!)ition " 

(8) Average potential energy with respecttoposition. ' .' . 

(e) Average kinetic energy with respect to time 

(D) Average potential energywith resp~ct to time 
, .••••<. "",, ., " • ". 

7. 	 m1,&m2 are connected with a light inextensible string with rn Iying,on1 


smooth table and m2 hanging as shown in figure. m 1 is .also connected 

to alight spring which is initially unstretched and the syste~ is released 


from rest: 


(A) system performs SHM with angular frequency given by ,lk{~:~:2) 

.(8) system performs SHM with angular frequency given by 
. ,' 

(C) tension in string will be zero when the system is released. 

(D) maximum displacement of m will be m~g .
1 

SECTION-II 
,,' Multiple CorreqtAnswers,Type .... ." , 

This' seCtidllcOrilains 7 Multiple choice questiqns. Each question has 4choic.es (A),:(8), (6) and (D), out 
ofwhich ONE OR MORE may be correct. . ''''';, ' ~. 

,~ -" 

8.. 	 A particle is executing SH M between points -Xm and Xm• as shown in figure-I. The velocity V(t) of the 
particle is. partially grapb:~,~t;'arid shOwn in figure-ILTwo pointsAand 8, corresponding to timeJi anp, til1;le 
t2 respectively are markedoh theV(t) curve.; ," n;" 

V 

• • ) +x 
o xm-xm 

Figure-I 

~...'. (A) At time t 1 .itis,going towards X . ,m

(8) At time t1• its speed is decreasing .•' 

(e) At time t2• its position lies in between -Xm and O. 	
.', 

(O) The phase difference ~~ between points A and 8 must be e~prEl.ssedas~O° .;:. M< 180~. 
. 	 ". t.. I. '.' ' .• , .c,. . . . :' ." ..~(.{.; 0" ; 

\ ... 

http:4choic.es
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9. In a standing wave on.a string rigidly fixed at both ends;· 

/ (A) In one time period all the particles are simultaneOusly at rest twice. 


(B) All theparti~ies m~si be at theirpbsitiveextremes,simultaneously once in one time period 
..>;(~);Allthe particles,may beaUheir positive extremeS simultaneously once in one time period. 

(Q)AILthe particles areneveratrest sirnultaneously:,' 

10. 	 For a certain transverse standing wave on along string, an 
r · antinode is formed at x = 0 and nexttoit, a node isform.~d at'

x= 0.10 n1. the displacement yet) of the string particle at x~ 0

c) is shown in figure. ' ". .. . 


(A) Transverse displacement of the particle 	 I' 'I ~k-:-T~~'::':'l't{s) 

at x = O.OSm and t= 0.05 sis -2.fi cm. 


(8l Transverse displacement of the particle at 


x = 0.04 m and t = 0.025 s i~ - 2.fi cm. 
( 

\ 

(C) Speed of the traveling waves' thatinterfere to produce this standing wave is 2 m/s: 

C 	 1 
(O) The transverse velocity ofthe string particle at x = 15 m andt = 0.1 sis 20 1t cmls' 

C 
(' 

11. A wave pulse moving in thepoSifive x-direction along'thex-axis is represented by the wave function 
'( 

y (x, t) = 2.0 2 ' where x and yare in centimeters and t is in seconds. Then 
(x-3.0t) +1 .( 

(A) The speed of particle at time t = 1 sec. and X; =3cmis,zero. 

(8)The speed of particle attima t = 1 sec. and x = 3cm is 2,cm/s. 


( (C) The speed of the pulse is 3.0 cmls 


(D) The speed of the pulse is 0.33cm/s
t 
" 12. 	 Two blocks A (Skg) and 8(2kg} attached to the ends ofa spring constant 1120N/m are placed on a smooth 

horizontal plane with the spring undeformed. Simultaneously velocities of 3m/s and 1 Omls along the line of( 

the spring in the same direction are imparted to Aand 8 then 


C 3m/s 

( 

. (A) when the ,extension ofthe spring i$ maximumth€ velocities ofA and 8 are zero. 
( (8) the maximum extension of the spririgis 2Scm. .,". ',' 

{C) the first maximum compression occurs 3nl56 seconds after start. 
C · (O) maximum extension and maximum compression occur alternately. 

( 13 Amass of 0.2kg is attached to the lower end of(3 massless spring of force-constant 200 N/m, the upper end 
· of which is fixed toa rigid support. Which of the following statements islare true? C · . (Al til equiiibrium,the spring will be stretched by 1011.' . . ... 

· (S)lf the niassis rais_ed till the spring is unstretched state and then released, it will godown by 2cl1'l before
L :moving upwards. ' . .' 	 .' .. . 

(C) The frequency of OSCillation will be nearly 5 Hz. 
(D) if the system is taken to the moon, the frequency of oscillation will be the same as on the earth. 

( 14. 	 The apparent frequency of a sound wave as heard by an observer is 10% more than actu.alfrequency. If the 
/ velocitY of sound in air is 330m/s:' . .' 
~v (A) the sound may be moving towards the stationary observer with a velocity of 30 mls 

(8) the source may be moving towards the stationary ,observer with a velocity of 33 mlsC 
(C) the observer may be moving towards the stationary source with veloeity.or30m/s 

L
/ (O) the observer may be moving towards the stationary source with velocity of 33 mls 

L 
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Panlgraph for Question Nos. 15tol6 ' . im . 

, A small block of mass m is fixed at upper end of a massless vertical spring of spring ,,'. ' •. '., 


constant K =4~~ and nptural length '10L'. The lower end 6fspring''1s free arid is'sra .:.~, ·,·1101:.: 

height L from fixed horizontal floor as shown. The spring is initially unstressedandthe 
l

spring-block system is released from rest in the shown 'position. 
Horizontal floor 

15. 	 At the instant speed of block ismaximum,themagnitude ofJorceexe'rted by spring on the block is: 

(A)mg , (8) mg 	 (C) Zero (D) NOlie ~f these
2 

16. 	 Asthe.bfock .is coming down, the maximum speed attainedb,y the block is: 

(A)~· (8) ~3gL (C) ~.J9L' 
2 	 (~)V%9L 

" ' .. 

Panlgraphfor Ques~i()n Nos. 17to18 . 
yaxis


There is a point source of sound placed at (0, h)as shown in figure. 


Two detectors 0 1 and D2 are pJacedat p()sitions'(D,d/2) Clnd(O,- dl (0, h) 

.•...... 
Source 


2) respectively. Take h < < D. The source emitted a sound pulse at 

.0, Doa Certain time; Assuming velocity of sound in the surrounding 

, . • I x \._-"
(0.0).Omedium is v; 	 2 

17. 	 The time gap between the recordingsrnade by the detectors will approximately be : . \ 

1 dh dh hd .. 	 .( " 
(A) -2 -'.- (8) 2- (C) -D 	 (D) None of these , Ov . Dv v 	 " 

SE;CTION ~ HI 
,~Comprebe.n$ion. Type;, .., . 

This se.c,tioncontains',3 P~ragr'aphs.Based.upon each paragtaph;;2Mulfipleichoice'questions have 
to be answered. Each question has 4choices(A),(B), (C) and (0), outofwhithONLYONE iscor:rect. 

1 vD vP . '3 vD vD 

(AJ'2 h . (8) 2 d ..h . (C) '2d.h (D) d.h 


'P~~~Q~~ph ,for Qu~stion Nos. 19 to 20 
Asi~(jsoidalwaveis propagatihg iri negati~e'x~ireciion in a string. stretched along x-axis. A particle of string 
atx = 2m is found at its mean posiUon and itis moVing in positivey direction at t=1 se~.,Jheamplitude of 
thewave,the wavelength and the angular frequency of the wave are O. 1 meter, 7tl4 meter and 41t rad/sec 

respectively. 

19. 	 The ~quation of the wave is: '. 

(A)y=O.1 -sin [41t(t -1)+8{X~2)] , (B)y.=0.1 sin [(t-1)-(x-2)J 

(C) Y = 0.1 sin,[41t(t ~1)-:8(x~ 2)] 	 (D)no~e ofthese 

20. 	 The.speed ofparticle at x= ?'m ..C3n~t. t =1 sec: is: . 
(A)0.21t m/s . (B)O:61tm/~" ',". (C}O.41tm/s (D)O 

c 
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SECTIQN-:-IV 
Matching List Type, (OhIY-Orfe Option Correct) 

This section contains 3 questions, e~ch having tWo matchirig lisls. Choices for the correctcombination of 
elements·frOm List-I 8"d List-II are given'a:s optiOns (A), (B),(C) and (O)'out ofwhibhONEis'correCt 
.-.", .., - . 

, .,.".~-,,-_.,-,". 

r~ 
\. 

In the':column-I, a system is. described in each option and corresponding time period is given in the 
column-II. Suitably match them. 

List-I List-II 
'{2f

P. 	 A simple pendu'l~m of length '.e' oscillating 1. T =2nV39 

with small amplitude in a lift moving down 

with retardation g/2. 
 ·fiQ. 	 A block attached to an endofa vertical 2. T ~ 2nVg. 

spring, whose other end is fixed to the ceiling 

of a lift, stretqhss the spring by length 'f.' in 

equilibrium. It's time period when lift moves 


( 	 up with an acoelerati.on g/2 is . 

'R. The time period 9f sman oscillation of a 3. .T=2nff 


( uniform rod of length '.e' smoothly hinged at 

one end. The rod. oscillates in vertical plane. 
( 

S. 	 A cubical block of edge 'f.' and specific 4. T=2n!-k 

denSity p/2 is in equilibrium with some volume inside 

water filled in a large fixed container. Neglect viscous 


/
\ 	 forces and surface tension. The time period of small 

oscillations of the block in vertical direction is 
( (A) P-1, 0-2, R-1,S-4 (8) P-2, 0-2, R-2,S-3 


'(C) P-2; &-2, R-2,S-4-' (0) P-2, 0-2, R-3,S-3 

( 
(22 Match the statements in column-I with the statements in column-II. 
'- . List-I List-II 

P. 	 A tight string is fixed at both ends and 1. At the middle,'antinode is formed c 
sustaining standing wave in odd harmonic 

Q.,' Atight strin~ is fixed at one end and 3. Atthemiddle,riode is formed 
free at the other end in elien:harfribnic' , 

, . :', ':"; _-:-1 -r-',-,~-\;,'{"; .. ·:_,:,· >:i;""':: <, -~~, :",:•• ":" ,,,'
'-. ~ R. 	 Standing wave is for~edin anope~organ 3. At the rn iddh~,heithei'node 'nor 


pipe. End correction is not negligible. . .. anfi~odeisf6~'~e~::' .• ,;.; .':.~ 

c S. 	 Standing wave is formed in a closed 4 . Phase difference between SHMs of 

. any organ pipe. End correction is not negligible. ( 
,·(A)P-1, 0-1, R-1,S-3 (B) P-2, 0,.2, R-2,S-,3 


(C)P-Z, 0-2, R-2,S-4(0}P-2, Q~2, R-3,S-3
c 
:For a 	particle executing SHM along a straight line, match the statemernts in boiumn-I withstaternent in(~3: 
colu,mn-II. (Note that displacement given in column-I is to be measured from mean position). 

.;, List-I List-II 

P.Velocity:-displacement graph may be 1. straight line 
C Q. Atceleration-velocity graph may be 2. circle 

.R,~Acceleration-displacement graph will be 3. ellipse 
. S;f,Cceleration-time graph will be 4. sin.e curve. 

, .'.'::::[;.1,:!:(~)I?';':1;,0-1, R-1 ,S-3 (B}P-2, Q:-2, R~2,:;h3: . 
,. " ....... " "/h}:'R 2 
.......... :~,L:<:\;\,; ~ i'" 	 ,Q-3,R-,1,S-4 (0) p.,~~q-Z. R-3,S~3 


http:acoelerati.on
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Integer value correct Type 

-This _section con~ins 7 questions. The ans~r~t9, eC)ch qLJestion is a integer tyP~. . ~:,' ,:,.; 

27.' . 	Two particles P, and P 2 are' performingSHM along the sarrie'llhe about the same mean positidh. h;itiallyth~y 
are at their positive extreme posItion. If the time period of each particle is 12 sec and the difference of their:-
amplitudes is 12 cm then find the minimum time in seconds after which the separation between the particles 
become6cm~ 

'1 

25. 	 A weightless rigid rod with a small iron bob at the end is hinged at point 
A to the wall s6that it can rotate in all directions. The rcidis kept in the 
horizontal position by E! vertical inextensible string of length 20 cm, fixed 
at its mid point. The bob is displaced slightly, perpendicular to the plane 
oqherodand string. Find period of small oscillations of the system in 

1tX
the form wsecond. and fill value of X. (g =10 m/s2). 

B 

l=20cm 
A 

e HI_Bob 

26. 	 A straight line source-of sound oflength L = 10m, emitts a pulse of sound thattravels radially outward from 
the source. If '4N' mwatt sound energy is intercepted by an acoustic cylindrical detector of surface area 
2.4cm2

, located at a perpendicular distance 7m from the source then value of Nis. The waves reach 
perpendicularly at the surface of the detector. The total power emitted by the source in the form of sound is 

,;2.2 X 104
.W; and Use 1t = 2217) 

27. 	 In the figure shown strings AB and BC have masses m and 2m respectively. Both 
are of same length .e. Mass of each string is uniformly distributed on its length. The 
string is suspended vertically from the ceiling of a room. A small jerk wave pulse is 

given at the end 'C'. It goes up to upper end 'A' in time 't'. If m =2 kg, f. =~:!~ m, 

g = 10 m/s2. J2 = 1.4 • .J3 = 1.7 Then find the value of 't' in seconds. 

28. 	 One end ofa spring is fixed to the ceiling and other end is attached to a block. The 
block is released when spring is relaxed. The product of time period and amplitude 
is8.S.Lunits.lf~prirgiscutintwoequal parts and the two springs are attached to 
the block'as shown, ilJ.fi9ure. The block is releq~~d iNhen both springs are relaxed. 
Now find the product of time period and amplitUde in S,1. units, 

A 

m,e 

B 

2m,e 

c 

29. A body of mass 4 kg is suspended from a spring of spring constant 400 N/m. Another body of mass 4 kg 

movingvertically upward with 2 mls hits it & gets embedded in it. If amptitude is ~Jf m. find 'x'. 

-	 . 

30. 	 A point source of sound emiting sound of frequency 700 Hz and observer starts moving from a point along 
mutually perpendicular directiohs with velocity 20 mls and 15 mls respectively. Ifchange in obse!yed frequency 
by observer is 10x Hz then calculate 'x'. [speed of sound in 334 m/sec} 
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Juration : 1 Hour Max. Marks: 90 

(~ENERAL INSTRUCTIONS 

t) This Questio~ Paper contains 30 questions. 

For each question in Section I , you will be awardi3d3, Marks if you give the correctanswer and zero 

,Mark if nO answer is given. In all other cases, minus one (-:1} Mark will be awarded. 

,> For each question in Section II , you will be awarded 3 Marks if you give the correct answer. There is 
" 
( 

no negative marking. 

" ' 
). For each question in Section 111, you will be awarded 3 Marks if you give the correct answer and zero, 

,Mark if no answer is given. In all other cases, minus one (-1) Mark will be ,awarded. ' 
( 
;. For each question in Section IV, you will be awarded 3 Marks if you give the correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. 
( 

" ). For each question in Section V, you will be awarded 3 Marks if you give the correct answer. There is 
( 
\ .. no negative marking. 

( 
SECTION-I 

( Straight Objective Type 
This section contains 7 Single choice questions. Each question has choices (A), (6), (C) and (D), out of

(. 
'-~ which ONLY ONE is correct. 

( 
1. Anopaque sphere of radius a is just immersed in a transparent liqUid as shown in figure. ApOint source is 
C placed on the vertiCal diameter of the sphere at a distanCE! a/2fror.nthetop of thesphe~,Onef~YOriginat

ing from the point sourc~ after refraction from the air liquid interfaceform~ tangent toth~~ph~re:'Th~anglec 
ofrefraction for that parti~ular ray is 30°. The refractive kldex of the liqUid is -' ' , 

<' ' 
X... 

2 3 
L {A) J3 ,(6) .J5 fl'\liquid 

C. 
,(C) 

'4
.J5 (D) 

4 

C 

L , , , ' 4" •2. Athin oil film of refractive index 1.2 floats on the surface of water (j,I. =3)' When'a lightofwavelength
C 

A:== 9.6 x1 0-7 m. falls normally onthl3fi1m frorTI air, then it appears dark whemseei1norn1C3lly. The 

mihimum change inits thickness for which it will appear bright in normally reflected Ug~tby.the same 
light is: . ,. ' . , " ,",.' ,;/,..:. 

{
'--, 

(A) 10-7 m (8) 2 x 10-7 m (C) 3 x 10-7 m (0)5 x 10:"7 m 



I· PT4: Optics - ~ ... _.-	 =~-'----·"--ro lEE (Atlvanced) - RRB cJ 
3. 	 In a YDSE experiment if a slab whose refractive index can be,varied i§placed in front of one of the slitC, ,:: 

then the variation ofresultant intensity at mid-point of screen with"IJ' will be best represented by (1-1 \::/,/,:::, 
1).[ Assume slits of eqllal width and. there is noabso[ption by slab; mid point of screen is the point wherf ' .. 
waves interfere with zero phase difference in absence ot'siab} '" . ". ... l 

, i : ~: \, 

tlr----- t t 
I. 

tI. I. II. i 

(A) (8) (C) (D) 

IJIJIJ=1 	 IJ=1 IJ- IJ=1 ~-IJ=1 

4. 	 Two blocks each of mass m lie ona smooth table. They are attached 
to two other masses as shown in the figure. The pulleys and strings are 
light. An object 0 is kept at rest on the table. The sides A8 &CD of the 
two blocks are made reflecting. The acc~/eration of two images formed 
inthose two reflecting surfaces w.r.t. each other is: 
(A) 5g/6 (8) 5g/3 . 
(C) g/3 	 (D) 17 g/6 

5. 	 A ray is incident on the first prism at an angle of incidence 53° as 
shown in the figure. The angle between side CA and 8 f A' for the 
net deviation by both the prisms to be double of the deviation 

produced by the first prism, will be 

2 	 2 
(A) 2 sin-1 - (8) sin-1 

3 	 3 
2 	 1 

(C) cos-1 - (D) sin-1 
3 	 ,3 

6. 	 Light of wavelength 4000 Ais incident at·sm<;lll angle on a prism of apex angle 4°. The prism has nv = 
1.5 & nr =1.48. The angle of dispersion produced by the prism in this light is : 
(A) 0.20 	 (8) 0.08° (C) 0.192° (D) none of these 

7. 	 Two plane mirrors are joined together as shown in figure. Two pOint 
objects 01 and 0z are placed symmetrically such that A01 = AOz' 
The image of the two objects is common if: 
(A) e = 60° (8) e = 90° 


, (C) e = 30° (D) e =45° 


SECTION-II 
Multiple Correct Answers Type 

This section contains 7 Multiple choice questions. Each question has 4 choices (A), (8). (C) and (D), out 
of which ONE OR MORE may be correct. 

8. 	 A particle is moving towards a fixed convex mirror. The image also moves. If Vi = speed of image and 
Vo =speed ofthe object, then 
(A) Vi £ VO if lui < IFI 	 (8) Vi > VO if lui> IFI 
(C) Vi < VO if lui> IFI 	 (D) Vi = VO if lui =IFI 

9. 	 The speed of light in the material of a plano convex lens is 2 )( 108 mls and its greatest thickness 
." is3 mm.lf the apertUre diameter of the lens in 6.0 cm then: 

''';;'':f r,(A) focal length oflhe lens is 6.0 cm. 
, (8) focal length of the lens is 30.4 cm. 

(C) radius of curvature of the lens is 15.2 cm. 
(D) parallel rays after falling on the lens converge at a distance of 6.0 cm on the other side of the lens. 

.:, 



c 
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, j O. 	 I n displacement method, the distance between object and screen is 96 cm. The ratio of length of two images 

formed by a convex lens placed between them is 4.84. 

(A) Ratio of the length ofobjeCtio the length of shorter image is 11/5. 
(8) ~istance between the two positions of the lens is 36 cm. 

(e) Focal length of the lens is 22.S-cm. 

(D) Distance of the lens from the shorter image i830 cm. 

11. Which of the following statements is/are correct about the refraction of light from a pl.ane surface when light 

() ray is incident in dense~,medium. [C is c.ritical angle] 

,r. (A) .The maximum angle of deviation during refraction is %- C, it will. be at angle of incidence. e. 

(8) The maximum angle ofdeviation for all angle ofincidences is 1t - 2e, when angle of incidence is slightly 
greater than e. 

(e) If angle of inCidence is less than e then deviation increases ifangle of incidence is also increased. 

(0, Ifangle of incidence is greater than e then angle ofdeviation decreases if angle ofinCidence is increased. 
(
'. 
(12. 	 A smaH air bubble is trapped inside a transparent cube of size 12 cm. When viewed from one of the 
\. 

vertical faces, the bubble appears to beat 5 em from it. When viewed from opposite face, it appears 

at 3 cm from it. "\.. 
(A) The distance of the air bubble from the first face is 7.5 em. 

/' 

\ (8) The distance of the air bubble from the first face is 9 cm. 


/ (e) Refractive index of the material of the prism is 2.0. 

\ (D) Refractive index of the material of the prism is. 1.5. 


( 
13. Aparallel beam of light (t.. =5000 A) is incident at an angle a = 30° With the normalto the slit plane in a young's 

r 
( 	 double slit experimentAssume thatlhe intensity due to each slit at any paint on the screen is 10, Point Ois 

equidistant from S, & S2.The distance between slits.is 1mm. 
( (A) the intensity at 0 is 410 

( (8) the intensity at 0 is zero ~Is, 
\. 	 ,,~ 0 

(e) the intensity at a point on the screen 4m from 0 is 410 	 s, 
(D) the intensity at a point on the screen 4m from 0 is zero 

..in 

, , .(."14"':': 	 Figure shows two thin slabs of glass, one is rectangular and the other is triangular wedge shaped. A 
monochromatic,light incident nearly normally on the slabs as shown in figure.' '.. .. 

( 1 1 1 1 1 ! 1 I 
r 	

I I -===-- :J 
'l 	 (Xl (Y) 

C' 	 (A) In situation (X) fringes are thinner as compared to fringes obtained in situation (Y) 

(8) In case (X) no fringes are obtained and in case (Y) fringes are obtained 
( (e) The shape of the fringe obtained is circular. . , 

(O) The shape of the fringe obtained is straight line. ( 

C,' SECTION - III 
{ . Comprehension Type . 	

f 

\... 
This section contains 3 Paragraphs. Based upon each Pilragraph, 2 Multiple choicequestionshave to 

be answered. Each question has 4 choices (A), (B), (C) and (D),out of which QNLY ONEjs correct. l 

http:slits.is
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. Paragraph for Question Nos. 15 to 16 

Amonochromatic point source S of wavelength A=5000./2 A 

{in air)is placed at a distance d = 1 mm beiow the surface,of . 

transparent liquid as shown in figure. A very large screen IS placed 

along y-axis at horizontal distance 0 =1 metre from point sol.lrce. . 


The refractive index of liquid is ./2. (Neglect partial reflection of 

rays from source S at liquid-air interface.) 


sin c = fJair. =_1_· . 
fJliquid 	 J2 ,::' 

The critical angle is C = 45" . 

Hence all rays from S which are incident oninterface at an angles 

of incidence greater than 45° are reflected back. (and appear to 


. come from S1) and fallon screen between OP. Light also directly 

falls on OP from S. 

:. Interference pattern is formed in regionOP. 

Sincewaves from S do not undergo ph~se change during 

reflection, We can takeS and S1 to be coherent sources in same 

phase. Hence zero order bright is formed at y=O. 


15. 	 They-coordinates ofsecond9rder brightformedon the.screen is 
. (A) 250 Ilrrl . {8)SOO J.UTl (C)":'250 Jim {D)":"SOO~m 

16. 	 The region on screen where interference pattern is formed lies in 
(A)-oo<y<+a (8)-oo<y<0 (C)1(m)<ys 0 (D) -1 (m) < y~ 0 

Paragraph for Question Nos. 17 to 18 

y 

Screen 

In the figurean arrangement of young's double slit experiment +y
is shown. Aparallel beam of light of wavelength 'A' (in medium 
n1) is incident C!lt aqangle 'e'as shown. Distance$10= Sp. 
Point '0' is the origin of the coordinate system. The medium on 
the left and right side of the plane of slits has refraCtive index 
n, and n2, respectively. Distance between the slits is d. The 

'distance oetween the screen and the plane of slits is D. Using 

4 10 
D = 1m. d = 1 mm. e= 30", A= O.3mm, n1 = 3' n2 = 9'"' answer 

the following 
17. 	 . The y-coordinate of the point where the total phase difference betwee.n the interefering wavesjs zero, 

is 

13 	 3 
(A) Y=0 (8) Y =+ -m (C) Y = - 4. m (D) - J3 m ~.

4 

18. 	 If the intensity due to each light Wave at point '0' is 10 then the resultantintensityat point '0' will be 

401t)
(A) Zero (8) 210 1+cos-- (C) 310 	 (D) 10( g 

Paragraph for QuestionNos. 19 t,o 20 

The ciliarymuscles of eye control the curvature ofttie lens inthe eye 

and hence can alterthe·effectivefocallength of the system. When the 

muscles are fully relaxed. the focal length is maximum. When the 

muscles'a'restrainedthe curvature of lens increase!i (that means 

radius of curvature decreGises) and focal length decreases~ Fora clear 

vision the image must beon retina. The image distartceis therefore· 

fixed for clear vision and itequals the distance of retina from eye-lens. 

It is about 2.S cm fora grown-up person. 


n2 

Screen 

Retina 
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A person .can theoretically have clear visionof, obJects sitlJatedat any large distanc~.from the eye. the 
smallest distance at which a person can clearlyseEfis relate(jtominimum possible focal length. The 

•ci/ia,ymuscles are most strainectinthisposition. For.anaverage-grown"up"personmioimum distance 
of object. should be around 25 cm. . . . ... 

A person suffering from eye defects uses spectacles (Eye glas$).Jllefunction,of theJen$ of spectacles 
"is to:form theimageofthe,objects within.ther~ngejnwhich person ca.n see clearly. The image of the 
spectacle-lens becomes object for eye~lens andwhose.imageis·formed on retina. 

e The number .ofspectacle-,Iensused for the remedy of eye defect ·is decided by the power of the lens 
required and the number of spectacle-lens is equal to the numerical value of the power of lens with sign. 

() 	 100 
For example power of lens required is +~D (converging lens of focal length 3 cm) then number of 

( 	 lens will be +3. . 

For all the calculations required you can use the lens formula and lens maker'sformula. Assume that 
the eye lenS is equiconvex lens. Neglectthe distance between eye lens and the spectacle lens. 

( '. 

\ .9. 	 Minimum focal length of eye lens of a normal person is 
( 
\ 	 25 . 25 

(A} 25 cm (8) 2.5 cm (C) ~cm :(D) ncm 
r 
\...;0. 	 Maximum focal length of eye lens of normal person is 

( 
\ 	 25 25

(A) 25 cm (B) 2.5 cm (C) 9 cm . (D) 11 em 

~~ 	 ...-.--------~~~--~------=-( ------------------------------.. .. ...~..-...-.~ 
/ 	 SECTION-IV 
\ 	 Matching List Type (Only One Option Correct) 
( 	 This section .contains 3 questions, each having two matching lists. Choices for the correct combination 

of elements from List-I and List-II are given as options (A), (B), (C) and (D) out ofwhich ONE is correct. 

( £1. 	 A white light ray is incident ona glass prism,and it create four refracted 

rays A, B, C and D. Match the refracted rays With the colours given 

(1 & D are rays due to total internal reflection.):
( 


List-I (Ray) List~1I (Colour) 

P. 	 A 1. red( 
Q. 	 B 2. green incident ray 

( 	 R. C 3.. yellow 
S. o 4.- blue' 


( 
 (A)P-1, Q-4, R-1,S~3 	 (B) P-1, Q-3,R~ZiS-4 

( 	 (C) P-2, Q-1, R-3,S-4 (D) P~2, Q-4, R-:3,S-2 . 

(22. 	 Match the following: 

List-I list.;.II 
 . . . 

( P. 	 Object is between c;>ptic center and 1 sl . t Image is inverted 
, . '. 	 '..' 

principle focus in a diverging lens 

-( 
 Q. 	 Object is between optic center and 1 sl 2. Image is Erect 

principle focus of a converging lens 
R. 	 Object is between optic center and 2nd 3. 'Imageis of.greatersii:~ .. 

principle'focusbf adivergingl~ns • than the object ' ..... 
S. 	 Objectis between optic center and 2nd 4. Image is. of;smaller.size,. .' 	, 

principle focus of a Conyerging lens 	 than the object'( 
(A) P-2, Q-3, R-3,S-4 (B) P-3, Q-2, R-2,S-4 


(

\... 

(C) P~4,; Q-3, R-2,S-Z 	 (D) P-1, Q·2, R-4,S-Z 

l 

http:list.;.II
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23. 	 Adouble slit interference pattern is produced on a screen, as shown in the figu~e,using monochromatic 
light of wavelength 500nm. Point P isthelocatlon of the central bright fringe,.that is.produced when 
light waves arrive In phase without any path difference. Achoice oUhree strips A; Band C oftransparent 
materials with different thicknesses and refractive indices is available, as showi'l'inthatable. These 
~re placed over one or both of the slits, singularly or in conjunction, cCiusing lthe ·interference pattern 
to be shifted across the screen from the originalpattern.'ln·thEH:::olumn-lihowthe:sttipshave been 
placed, is mentioned'whE?reas ih the column.,;II, order of the fringe at point P:Qn thescreelt that will be 
produced due to the placement of the strip(s). is shown. Correctly match both the columns. 

SUIl I 
s,,;;;r.............,.... ·rp 


" 

List - I" 
P. 	 Only strip B is placed over slit-I, 
Q. 	 Strip A is placed over slit-I and strip C is 

placed over: slit-II 
R. 	 Strip A is placed over the slit-I and strip Band 

stripC are placed over the slit-II in conjunction. 

1. First Bright 
2. , Fourth Dark 

3. Fifth Dark 

S. 	 St(\pA and strip C are placed over slit-I (in 4. Central Bright 
conjuction) and strip B is placed over slit-II. 

(A) P-1, 0-3, R-1,S-1 	 (B)P-2, 0-3. R-2,S-3 

(C) P-2, 0-2. R-2,S-4 	 (D) P-3, 0-4, R-1,S-1 

. " FIlm 
Thickness 

I Screen 

A 

5 

1.5 

List - II 

SECTION-V 

Integer value correct Type 

This section contains 7 questions. The answer to eaqh question isa integer. type. 

24. 	 An equiconvex lens of focal length 10 cm (in air) and RI. 3/2 
is put at a small opening on a tube of length 1 m fully filled with 
liquid of RI. 4/3. A concave mirror of radius of curvature 20 cm 
is cutinto two halves m1and m

2 
and placed at the end of the 

tube. m1&m are placed s!,lchthatthe!rprincipal axesAB and~ ____2 
CD respectively are separated by1'mm each from the principal 

axes of the lens. A slit S placedhaii" illuminates the lens with 20cm 


light of frequency 7.5 x 1014. Hz. The Ug~t reflected from m1and 

forms interference pattern on the left end EFofthe tube. 0 m2 


is an opaque substance to cover the gap left by n11 & m2•· 


The position of the image formed by lens water combination is 

a x 10-2m from lens and the distance between the images 


, -, . ab 

formec by m1& m2 is b x 10-3 m then find 40 . 


I: 1A.=5000A 

._ 

1m .J 

-' 	 S,~;1~tS. Fixed~25. 	 In the fig~re shown light of wave length A.:;;; 5000 A is incident on the slits 
(in a horizontalfixedpl~me) S1 and S2separated by distanced:::; 1 mm. A 1· 

x 

horizontal screen'S' is released from rest from initialdistarlce Do =1 m D.=1m 


from the plane'Qf the slits. Taking originalO and positive x and y axis as 


J~shown, at t =2 s~conds; (Use g= 10 m/s2) velocity is 10n 1mls and S !.. 	 Screen 

~ . ..: [mn] 

acceleration is m j m/s2 of central maxima, find the value of 25 
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26. 	 A is a thin walled sphere at rest made IJp of glalis. The r{3diu~ of the 

sphere Is1m and it is fifled,with atransparent liquid of r,~ir~~tive index 
M 

fl. S is the lurninoussource m6vjng:diie9.fjY.,fQwards~a plal)e ,,{articat 

mirror M. A fish in the liquid is moving40w'i3rd~ S.Tha eye'bf the fish"" 

and:Si:ar~-~ollinear &~erpendicular to mi;~~r M~~ At th~~omentSjs 31ll 
, a'way from the centreo! thesph~re,ffsh'()bserves that image'of Sdue 

('
\ , 	 to reflection ismoving with speed of 13m/s. If speed of the fish relative 

to the sphere is 10m/s and fl = 1.5 then find the speed ofth,esQurce , ' 


at that instant. The system is placed in air; , 

"•• ' c:,,= _;'" ~., 

'f-7. A light ray parallel to the principal axis is incident (as shown inthe figure) 

\ 

on a thin planoconvex lens wIth radius of curvatU're of its curVed part equal 


to 10 cm. Assuming that the refractive index of the material of the lens is T 
 I It. 

4/3 and medium on both sides of the lens is air, find the distance anne
'. 	 . . .' r' 

\. point from the lens where this ray meets the principal c!)ds. Find your 

, 26X " ,
( answer in the form' 7 cm-and fiU value oJX. 

( 
\ . 
28. An interference is observed d\1e to two coherent sources 'A' & 'B' having ,y 

( 
 phase constant zero, separated by a distance 41 along the y:: axis where A 


I is the wavelength of the sources. A detector Dis moved on the positive 
( 
x - axis. The total ~umber ~f pOint~ on the x - axis.excludingthe pOints,! 0 


( x =0 & x =¥ at which maximum Will be observed B,,' 0 -,. x 

( 

( 

( 

('29. The observer '0' sees the distance AB as infinitely large. 

1J.1 	 4 
( ;Ifrefractive index of liquid is fl1 and that ,of glass is flz. th~n,;; is: 0 

( 

C 
30. 	 An object of height 1 cm is kept perpendicular to the principal axis of a convex mirror of radius of e curvature 20 cm. distance of the object from the mir(or is 20cm.lf the dis,tance betwee~ heCids of the 

(. 
..'~". ' . 	 /1601 x x 

image and the object ~ill ~e. V y then what is the value of y - x.
( 

-:~: 

( 

C 

(" 

c 
c 

"il" 
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,,'. ' ,PARTTEST '-5:{PT-5) 
TO,PIC: ELECTRODYNAMICS': CLAs.$~xr.r,:·' ...... "~" .. ':. "-' " ~·'<!.,!,~,:,Ilr"'_ 

DUrStion':' 1 Hour Mal.{; iM~.rk!3. :90 

GENERAL INSTRUCTIONS 

1. 	 This Question Paper contains 30 questions: . 

2. 	 For each question in Section I , you will be awarded 3 Marks'ifybugivelh~ 6dr'recf~NSWen3n:d'zero 
Mai1< if no answer is given. In all other cases, minus one (-1) Mark will be awarded. 

3. 	 For e.ach. question in S~ction II , you Will be ~warded 3 MarksIf you give the correq~pswer.'There is 
no negative marking.' "". ' 

4. 	 For each question in Section 111 .. you will be awarded 3 Marks if you give the correct answer $nd zero 
Mark if no answer is given. In all other cases. minus one (-1 ) Mark will be awarded. " ., 

. ," , 	 '. ~-

;,. ,. 

5. 	 For each question in Section IV. you will be awarded 3 Mar~s if you giv.et~e correct answer and zero 
Mark if no answer is given. In all other cases, miriusone (.:...HMarl(iwili beawafded: 

6. 	 For each question in Section V, you will be awarded 3 Marks if you give the correct answer. There is 
no negative ,marking. 

SECTION-I 	
"of· 

Straight Objective Type 
This section contains 7 Single choice questions, Each question has choices (A), (B), (C) and (O) out of 
which ONLY ONE is correct. 

1. 	 In the figure shown a parallel plate capacitor has a dielectric of width d/2 and dielectric constant 

K =2, The other dimensions of the dielectric are same as that of the plates, The plates P1 and P2 of 

the capacitor have. area 'A' each. The energy of the capacitor is: 

P, 	 f 
d/2 I-:€~:~-l T' V 

P2 
L!___---J_ 

(A) EO AV2 (8) 2 AV2 3 AV2 (0) 2AV2 ~" 
(C) "23d d 	 d 3d 

2. ,', A rod of length ehaving uniformly distributed charge Q is rotate'd about one end with constant frequency' 

f', Its magnetic moment. 
2 

(C) 21tfQ.e
2 

(A) 1tfQj2 (8) 1tfQ.e (0) 21t to 12 

3 3 


3. 	 Two identical spheres of same mass and specific gravity (which is the ratio of density of a substance and 

density of water) 2.4 have different charges of Q and"- 3Q. They are suspended from two strings of same 

length .e fixed to points at the same horizontal level, but distant.e from each .other. When the entire set up is 

transferred inside a liquid of specific gravity 0.8, it is observed that the inclination of each string in equilib

rium remains unchanged. Then the dielectric constant of the liquid is 

(A}2(8)3 (C) 1.5 (0) None of these 

http:21tfQ.e2
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4. 	 Two infinitely long parallelwlres,are a distance d apart and carry equpi 


"" par~!leI ~yrren,ts) in!h,e,,.s~!"T;U~ 9ir.ectionas showninthefigure.lf thE),wires 
. '., .' '.' ',".'"<d .•.... '.'. .d ", ,~L 

.,,are locatep on 'j a~is(norl)1~t ~() x-:y plane) at11'= 2;anQY=..,. 2 ! then ttie 


magnitu~e of x-coordinate,oUhepoint onx...axiswhere themagOitude of'" 

magneticJield is maximum is (Consider points on x-axis only) . . 


(j . (1\) fid 	 (B) dl J2 
(C) 2d· 	 (O}dl2 

-+~----__~~______~)x 

( \ .,1 	 b 
5. 	 Figure .show$ a uniformlf2fl'iirged' nemispnericaPsneiLThEFqirection 


of electric field at point p~ that is off-centre (but in the planb of the 

largest circle of the hemisphere), will be along 


(A) pa (B) pb 

(C}pc ", (D) pd 


. . . . . . . . .
( 

I. .. 6. Awoodem stick of length .3£ is rotated about an end with constant 
x 	 x~x x.al1:g~la:r velocity (0 in auniforrrt mag netic field B perpendicular to the e plane of motion. If the upper one third of its length in coa'ted with x i' xtt ",vc~er xI' 

. copper, the potential difference across the copper coating ofthe stick 	 l coating
X 	 X X x . is' 

\ 
i 

/ 

(A) 9B(O£2 	 (B) 4B(O£2I' 
'\ 

2 2 

( 
(C) 5Bro(2 (D) Bro£2 

/ .. ..... 2 2 
\, 

Ie, 
7. ." The resistance of each straight section is r. Find the 

equivalent resistance between A and B. A 

( (A) 3 r 	 (B) 3.5 r 
(C) 4 r 	 .(D) 4.5 r 

C 

Q 

3£ 

:1: x 

x 

x x x 

B 

{'
\. 

.. ' .' . 
SECTION-II 

Multiple Correct Answers Type 

C This section contains 7 Multiple choice questions. Eachqllestionhas 4 choices (A), (B), (C) and (D). out 
of which QNE OR MORE may be Correct. ...... 

( 

8. Two capacitors C & C are charged to same potential V, but with . ~~( 1 2 

2PPosite pol,arity as shown in fig. The sw,i,tch $1 &S2 are then closed. , ,SI I, '.. " ..' i:8,1,,\,,":i~' '. '1 5 2' 

c (A) P.d. aef9Ss 1",0 capacitors are same & is given by (i,-+C~;~ ~I;.<." .• r 
C.' .' C1V! 

~r;"'''.;:C~te,d.:acJos$two cap,acitors are,same &.is given by (C +C ). . 	 ' . .... " 1 2 
.~ , ~ '. . 


,~ , . ~ 


f 
\,., ".::j'Ratio of final en~rgy to initial energy of the system is G6::~:n 
t 
,,-

, '. 	 [ (C) .)
(O) Ratio,~?'f final en,ergy to initial energy of the system is' (C +~~)2 .• 

1 

L ,~esona.nce',."".;';' {'). .';t':"\ 	 ......*'
:f-=..t"I"'!Stlnn fIotr h,elttpr tnrnnrrnw 	 ," '. , ",.. ::..... ,. .: 

http:showninthefigure.lf
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9. 	 In the figure shown ',R' is a'fixed conducting ring of negligible resistance 
and radius 'a'. PQ is a uniform rod of'resistance r. It is hinged attlie 
centre of the ring and rotated about this point in clockwisedirection with 

, , .. a uniform angular velocity roo There is auniformmagnetic field of stren'g'th fit .! '00 1 '.1 i 

. ,," 	 is'i'polilting inwards. 'r' is.astationary resistance, thenchoosec,orrect: 

statements,/ 

28c.oa2 

(A) Current through 'r' is zero. (8) Current through 'r' is 
5r 

(C) Oir~ction of current in,e~ter:naL~r' is,from.C:,~I1Jre)o circum~erence.. 
.-.,,,,-<,",-,~. ~:-.1(D),Direction of current in external tr' is from circumference to centre. 

10. 	 irithe circuit shown in figure, E1 and E2are two ideal sources of unknown E!lA R 

emfs. Some currents are shown. Potential difference appearing across 

6!lresistance is VA - VB = 10V. 
 fA 
,(A) The current in the 4,00 Q resistor in between C and 0 is 5A. 

6.000:
(8}The unknown emf E1 is 36 V. . .' 	 ! ' ......... '0


3.0OA G 4.000 'B(Cj;Jhe unknown emf E2 is 54V 

.' ;:(D~~he resistance R is equal ta9h. 


. "'. ./ .,". ):$,." .~, - . - , 

11. ' . " A proton of charge 'e' and mass 'm' enters a uniform' and constant magnetic field 8 == 8 i with an initial 

. , '. velpcity v,: Voxi +VOyJ. Which of the following will be correct at any later time 't' : ' 
, "'. 	 . (QBt) . 

, (A)x- component of velocity of the proton will be Vox cos In 
, 	 (qru)

(8) y - component of velocity will be Voy cos . m J 

(C) z-component of velocity will be Vay sin(~t) along (+k) direction . 

(D) x-component of velocity will remain unchanged. 

12. ' 	 the figure shows, a graph of the cunent in a discharging circuit of 
a capacitor through a resistor of resistance 10 Q. 

(A) The initial potential difference across the capacitor is 100 volt. 

, 1 
(8) The capacitance of the capaCitor is 10ln2F. 

: - -. .~.. 

,.' " .... , .' ':, ;.500, ,:.' ". 
t(C)The total heat produced in the circuit will be ln2 j<?ules. 

,  11 

I 

. . ..... .'0"....... .,,' 	 . 1 L'. . ". 


~g)T~~~~ermal power in the resistor will decrease with a time'constant 2l~'2 second. " 

Solenoid
13. 	 ASingie circular 10QP of wire With radius 0.02 in carries a current of a.OA. 

lt is placed at the centre ofa solenoid that has length 0.65 m, radius 

,q,080rn and,1300 tums. 


(A) The value of the current in the solenoid so that the magnetic 

field at the centre of the loop becomes zero, is equal to 44 mA. 


(8) The value of the current in the solenoid so that the magnetic field at the centre of the loop becomes 
zero, is equal to. 100 mA. 

(C) The magnitude of the total magnetic field at the centre of the, loop (dueto both the loop and the 
. 	 solenoid) if the current in the loop is reversed in direction fraln that needed to make fhetotaffield equal 

to zero tesla, is 8,. x 10-5 T. '. 

(D) The magnitude of the total Illagn~ticfieldatthe centre of the loop (due to both thelOO,p and the 
solenoid} if the current in the loop is reversed il] direction from that needed tOmakethetotaffield equal 
to zero tesla, is 161t x 10-5 T. ' 

""i;'~.;,,(,::,,~. . ." ,.' . . "':;:•.""'Y~
"~esonance 	 .'~".,<._-c.....ul'!:1tlna for better tomorrow 
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14. 	 In front of an earthed conductor a point charge + q is 


placed as shown in figure: . 


(A) , 	 'On the surface of conductor the net charge is always negative. 

(B) 	 On the surface of conductor at ~ome points charges are • 
. 	 ~q 

negative and at some points charges may be positive. 

distributed non uniformly 
(; (C) 	 Inside the conductor electric field due to pOint charge is non zero 

(D) 	 Nonebf theseo 
SECTION -III 

Comprehension Type 
This section contains 3 Paragraphs. Based upon each paragraph, 2 Multiple choice questions have 
to be answered. Each question has 4 choices (A), (B), (C} and (D), out of which ONLYONE is correct. 

( 
Paragraph fO'r Question NO's. 15 to' 16 


( 

In the shown circuit involving a resistor of, resistance R Q, capaCitor of capacitance Cfarad and an 

(" ideal cell of emf E volts, the capacitor is initially uncharged and the key is in position 1. At t =0 second 
" the key is pushed to pO'sition 2 for to = RC seconds and then key is pushed back to position 1 for 

(. to =RC seconds. This process is repeated again and again. Assume the time taken to push key from 
position 1 to 2 and vice versa to be negligible. 

( 

R 
\ 

/ ~i'E ]\ 

K~1 
( 

" 
15. 	 The charge on capacitor at t = 2RC second is 

( 1 1')12 )C (A) CE 	 (8) CE(1 ~) (C) CE(';- e (D) CE 1-e+~ 

C 16. Then the variation of charge on capacitor with time is best represented by 

C 
( 

( 

q q 

qr /\ fV\ 
",. 	

(D)"E,( (C) ~ 

Paragraph fO'r QuestiO'n NO's. 17 to' 18 
'Inthe circuit given below, both batteries are ideal. EMF E1 pfbattery 1 has a fixed value, but emf E2 

f of battery 2 can be varied between 1.0 V and 10.0 V. The graph give,stl;1ecurrents through the two 
\.... ba-ttefiesasa fUn ctioilof E2, but are not marked' as which.p1otcQrrespondsto which battery. But for 
(, both plots, currentisassutnedto be negative when the direction of the current through the battery is 
'-. 

opposite the direction of that battery's-el11f. (Direction of emf is from negative to' positive) 

L 

c 
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17. .' . The vallie of emf E1 is 

(A) 8 V 	 (B) 6 V (C) 4 V {O)2V 

18. 	 The resistance R1 has value 

(A) 10 n (8) 20 n (C) 30 n (0) 40 n 

Paragraph for Question Nos. 19 to 20 

Curves in the graph shown give; as functions of radial distance r (from B 
the axis), the magnitude B of the magnetic field (due to individual 
wire) inside and outside four long wires a, b, cand d, carrying currents 
that are uniformly distributed across the cross sections of the wires. 
Overlapping portions of the plots are indicated by double labels. All 
curves start from the origin. 

19. 	 Which wire has the greatest radius? 
(A) a 	 (8) b (C) c (0) d 

20. 	 Which wire has the greatest magnitude of the magnetic field on the surface? 
(A) a 	 (B) b (C) c (O) d 

~~ )r 

SE;CTION-IV 
Matching List Type (Only One Option CorreCt) 

This section contains 3 questions, each. having two matching lists. Choices for the correct combination 

of elements from List~rand Ust-II are given as options (A), (B), (C) and (0) out ofWnich ONE is ·correct .. 

21. 	 AC;harged· particle having non zero velocity is subjected to certain conditions given in Column 1: Column 
II gives possible trajectories of the particle. Match the conditions in column I with the results in Column II 

: List,.! List-II 

P. 	 Inonly uniform electric field 1. the path of the charged parti.f1e may 
be a straight line 

Q.... . Ihonly uniform magnetic field 2. the path of the charged' particle may 
'-.. ) .;-' 

be a parabola 

R. 	 ". In.uniform magnetic and llniform electric field 3. the path of the charged particle may 
such that both are.·parallel be a circle 

s. 	 Subjected to a net force of constant magnitude 4. the path of the charged particle may 
be a helix with uniform pitch 

(A)P-1, 0-1, R-1.S-3 (8) P-2. 0-2. R-2,S-3 . 
(C) P-2. 0-2, R-2,S-4 	 (0) P-2. 0-2, R-3,S-3 

~"'-. '~',E;]'e"S····o·n·'a'n't-e 	 ... ' .. " 
'--	 . ,'.f" '~-

bett",. tomorrow 	 ..~...,.. . ....• 
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22. Consider the circuit shown in the figure. 

'.... . .....gJvenE~=4 \folts.and R= in .Take Vc=O Volt. 

List-I 	 List-II 
P. Magnitude of current in AB in Amp 1. 1 

f', 
Q. Magnitude of current in BC in Amp 2. 16 

" R. Potential atA in volt :3. 4 
..... '4~ 8S. Potential at B in volt 

(A) P-3, Q4, R-4,8-3 (B) P-4,Q-2,R-1,S-3 
() (C) P-3, 0-3, R-2,!?:-4 (D) P-3, 0-1, R-3,8-3 

A square loop of uniform conducting wire is as shown in figure. A current-I ( in amperes) enters the loop from 23 . .~ , . 
. . one end and exits the loop ftomopposite end as shown·lnfigure. The'lengthdf'One side Of'square loop'is l 

metre. The wire has uniform cross section area and uniform linear mass density. In four situations ofcolumn
I, the loop is subjected tofoUfdiffererit uniform ahd'constant magnetic fiela; Undar theeonditi6ns of column
I, match the column-! with corresponding results of column-II ( Bo in column I is a positive nonzero constant) 

.'y:...'" 	 .\.. .. ,' ... ' . II2 I
f 
\. 

( 	 I12 II2 

) ~ I .... 

I12 x 
I' List-I 	 List-II" 
( 	 P. B= B) in tesla 1. magnitude of net force .onloop !s ..fi Bol l newton 

..I' Q. B Bol in tesla 	 2. magnitude of netforce on'loop is zero' ' •.' 
\. 

(' 
\. 	 R. B=Bo(1 + 1) in tesla 3. magnitude of net torque o~' loop abbJtlts ceht~e'l~ zero 

( 	 S. B=SJ in tesla 4. magnitude of net force on loop is Bol.e newton 

(i\) P-1, 0-4, R-3,8-3 	 (B) P-4, 0-3, R-2,8-1 
(C) P-3, 0-2, R-2,8-1 	 (D) P-4, 0-3, R-2,S-4 

{ 
\. .' 

( 	 SECTION..;V 

( 	 . Integer value correct Type, 
This section contains 7 questions. The answer to each question is a integer type. 

( ;~. 	 ~~., ..";-

(J 24. 	 A uniformly charged ring of radius 0.1 m rotates at a frequency of1 04rps about its qxis.The ratio of 
energy density of electric field to the energy density of the magnetic field at ~. point oh fheailsat distance 
0.2 m from the centre is in form X x 109. Find the value of X. (Use speed of light c'= 3 x 108 mIs, 1t2 = 10) - . 	 ," 

{ 25. 	 In the circuit shown 8 anq $2 are switches. 8 remains closed for along timE! a~d 5 .open. Now 8 1 .1 2 	 1
\.. 	 is also closed. It is given that R = 1 on, L = 1 mHa~d e = 3V. Just after 8 1 is closed, the magnitude. 

. of rate of 	change of current (in ampere/sec.) thatis ~:, in the inductor L is x x 103 Als find X 

\-~ t~~re
L. 

f 	 Ie 
"...•"c·~.'B~ti~9[l~tlS:r!fw . 

•~'~·!;~V:>A:,': "./'~;; _ . .:'::;;r:~,:'. 
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26."· 	"!"he eql.livalent capacitance between terminals 'Nand '8' i~'!:1t(;~~o } Findx.;.:5~ The letters h~~e their 

usual meaning. 
~~i-~ ... 

~ , ( 

!W&,);,:a'hPIdJ d/2 

27..' Th~c~rrent'density j insid~a I~ng,s~lid, 'cylindrjc~1 wire of.raqi~s a '= 12 mmis in thedireclion oHlle 
.".:>~' 	 .- "-,','.--,_'~;-',':'.: .. ' . '....,: "", ,.' ,': '; ,.,.;c..... :::' .. ",- "',-.' .. ~~: 

. '.' .... ,. . •. ,' .... . ..... ;':,.'" "., ..... . .' j r 
centrala;xisanditS!magnitude varies:Unearlywithradial aistancer. from tbeaxis according to J = -:- ' 

28. 	 An inductor (~=2n) a capaCitor (xc =an) and a resistance (an) is connected in series with an A.C. 
source. The . voltage output of A.C. source is given by v =.10 cos 100nt.lf the instantaneous potential 

difference be.tweenA and B is . i whe~ it is half of the voltage output from s~urce at that instant than what 

is the value of x: '. 2'" x =s"" .'
>Ct.= u C,. u an 

A 
B 

29. 	 Figure shows a system of three concentric metal shells A. 8 and C with radii a. 2a and 3a respectively . 
. Shell B is eartheo,and!:;hell C:isgi'l.ena.c~ar9·e.Q. Now if shell C is connected to shell A, then 

.... ,.. .. .' ..... ' Q ' 


the final char,geon theshellEt -1t. isequal to: 


i:

30. 	 Four infinite ladder network containing identical resisUmcesofR n each. are combined as shown in figure.
'" 	 . .' ..:. ' . ;'R~' 

. The. ~quivalentresistance betweenAand·Bis RAB and between A and Cis RAe' If the value of R: JS i 
'thani~~t ist~e'r~iu~(JfX : . ; .": 

;. : . . 	 " .:t .:" ;_.: ! ~ , 

" .. :.!, ,.:', 

" 

.. "-. 

http:100nt.lf
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PART TE,ST-·6 (PT~6,J 

TOPIC :MQDERN PHYSICS: .CLASS-XU 


Duration: 1 Hour Max. Marks :·90 

(') GENERAL INSTRUCTIONS 

This Question Paper contains 30 questions. 

For each question in Section I , you will be awarded 3 Marks. if you give.thecorrectanswerand zero 
Mark if no answer is given. In all other cases, minus one (-1) Mark will, be. awarded. 


For each question inSection II, youwlli be aWarded 3 Marks'if you give the correct answer. There is 

no negative marking. .. . . 


For each question in Section III, you will be awarded 3 Marks if you gIve the correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-1)Ma~~wilJ be awarded. 


For each question in Section IV; you will be awarded 3 Marks ifyou'give th'e correct answer and zero 

Mark if no answer is give~. In all other cases, minus 0.ne(-1) Mar:k will ,be awarded; 


. For each question in Section v, you will be awarded '3 Marks if you give thec()rrect answer. There is 

no negative marking. . . 


SECTI.ON-1 
Straight Objective Type 

/ 
\ This section contains 7 Single choicequestions".Ea,ch question has choices (A), (B), (C) and (D) out of 

which ONLY ONE is correct. 
I 
~ -

/ 1. A radioactive nuclide A decays to nuclide Bwhich further decays to C. Their diSintegration constant are 11.1 
\. and ~ respectively. At t =0 only nuclei A are present. Number of nuclei A at t = 0 is No. 

( A~ B "'2) C 

f. t = 0 No 0 0 
\. 

t N1 N2 N3 

( In the above radioactive decay C is stable nucleus. Then: 


(A) rate of decay of A will first increase and then decrease 

(; 
 (8) number of nuclei of B will first increase and then decrease 

(C) if A2 > 11.1' then activity of Bwill always be'highel7than aetivity'0fA
C (O} if 11.1 » A2, then number of nucleus of C will alway~.be less thl'Jnn,uml:>~rQtnuclep~+-?f B. ..u 

(: 2. An enclosure filled with helium is heated to atemperature of 400 K. Heiiumatom emerges out of the 
enclosure. The mean debroglie wavelength of the helium atoms is : . 


l 
(A) 0.44 A (B) 0.63 A (C) 0.77 A' (D) none of these 


f 

C· 3. When a metallic surface is illuminated with monochromatic:lignt ofwavelength f... the stoppingpotel;ltial 
is 5V ' WhenthesaJ!le surface is illuminaJed with Iightofwa\ielength,3A.,Jhestopping po~ential is Va'o 
Then the work function of the metallic surface is : . 

c hc hc hc 2hc 
(A) 611. (B) 5A' . (C) 4A (D). 4A 

C 
4. No. of identical photons incident ona per:fectlyblack bOdY ofmass m kept at rest 01'1 smooth horizontal 

surfa~e. Then the acceleration. of the body if n number of photons incident per second is (Assume 

( 
wavelength of photon to be A) : 

\- . A nh nh 2rcnh Am· 

(, ( ) 2rcAm (B) Am (C) Am (D) nh 
'lj 

C 

http:alway~.be
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5. .'. Two radioactive sources A andS·initially contain equal number of radioactive atoms. Source A has a half
.,.. life of 1 hour and sourceBhasa half,:-lifeof 2 hours. At the end of 2 hours, the ratio of activity of source A 

to that of B is : 
'. 

(A) 1: 2 "'(B) 2 : 1 (C) 1 :1 (D) 1: 4 
,,,," 

6. 
;' 

"¥~:·~6· '. 
. ',;' 

\",i .• ',. >; 

What is .the maximum kinetic energy of the, emitted alpha particle?· Express your answer in Joule. 
(1 amu =1.67 x 10-27 kg) . 

(A) 6.8 x 10-14 J (B) 6.8 x 10-13 J ' (e) 4.3 x 10~14 J (D) 4.3x 10-13 J 

7. Choose the correct statement. 

(A) The nuclearforcebetween two nucleons depends upon chargeon each nucleon .. 

(S)The. n.uclear,force i.s not a central force . .... '. 
(C) The nuclear force'-between the two nucleons increases rapidly as size of nucleus increases. 
(D) Nuclear force is'a conservative force~ .' . .. ' . . 

SECTION -II 
.. Multiple Correct Answers Type 

This section contains 7 Multiple choice questions. Each question has 4 choices (A), (B), (C) arid (D). out 

of which ONEOR MORE may be correct. 

8. The decay constant of a radio active substance is 0.173 (years)·1. Therefore: 

(A) Nearly 63% of the radioactive substance will decay in (1/0.173) year. 

(B) half life of the radio active substance is (1/0.173) year. 

(C) one -forth of the radioactive substance will be left after nearly 8 years. 

(D) average life of the substance is nearly 5.8 years. { , 

9. In an x-ray tube the voltage applied is20 kV. The .energy required to remove an electron from L shell 

is 19.9keV.lnthex:-rays emitted by the tube (Use hc.= 12420eVA) 


"'(A)mi~imum V;avelengthwill be 62.1 pm 


(B) energy of the characterstjc x-rays will be equal to or less than 19.9 KeV. 

(C) La x-ray may be emitted 


(O)L"x~raywill have energy 1.9.9 keV 
a.. .., 

10. . Wheh a hydrogen atorh'ls :excited from ground state to first'excited state then 

(A) its ki~eiit.e~~rgy i~~r~ases by 10.2 eV. '. ··.,.(B) its-kinetic energy decreases by 10 .2 eV. 

(C) its potential erier~Y:increases by 20AeV. (D) its ahgularrnbmentum iricr~asesby 1.05 x1crw J-s. 

11. AtL=O, a. sample of radionuclide A has the same decay rate as a sample of radionuclide B has at 
t = 60 min. Thedisintegrationc:onstants of A and Bare AA and A.B respectively, with AA < AB• 

'f', (A) The half life of radionuclide A is greater than that of B. ' . 
·:.;~;cf,/·,):,:f;;'(B)Aft= 60mln,number of atoms in sampleofrhaterialAis greater than thatoFsample B. 

(C) The two samples will never have the same decay rate simultaneously. 

(D) After sometime, the two samples will have the same decay rate simultaneously for an instant. 

nee ..• 
tomOrrow .'. ,.,;..... ',' 
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12. 	 Ionization energy of a hydrogen-like ion B is less than thatof hydrog~n like ion A. Let r, u, E and L represent 
the radius of the orbit, speed of the electron, energy of the atom and orbital angular momentl,lm of the 
electron-respectively_ hi grouiid· state . . 

(A}~;>rs (8) uA> Us (C) EA> Es (0) LA> La 

13. 	 Mal'Kthe correct options. 
(A) An atom with a vacancy has smaller energy than a neutral atom 


( ! (B) K X-ray is emitted when a hole makes a jump from the K shell to some other shell 

(e) The wavelength of K X-ray is smaller than the wavelength of L X-ray of the same material 

(0) The wavelength' of Ka X-ray is smaller than the wavelength of Kjl X-ray of the same material 

'
f 
.. 

. 

14. 	 An electron makes .a transition from n =2 to n = 1 state in a hydrogen like atom. 
(A) magnetic field at the site of nucleus is decreased by 16 times. 

(B} magnetic field at the site of nucleus is increased by 32 times 


( (e) angularmomentum of electron is decreased 
(0) angular momentum of electron is increased 

( 
SECTION - III 

( 
\. 

Comprehension Type 
This section contains 3 Paragraphs. Based upon each paragraph,2 Multiple choieequestjons have 
to be answered. Each question has 4 choices (A), (B), (e) and (0), out of which ONLY ONE is correct. 

Paragraph for Question Nos. 15 to 16 

An experimental setup of verification of photoelectric effect is shown in the diagram. The voltage( 
across the electrodes is measured with the help of an ideal voltmeter and which can be varied by 
moving jockey 'J' on the potentiometer wire. The battery used in'potentiometer circuit is of 20 V and ( 


. its internal resistaAce is 2.0. The resistance of 100 cm long potentiometer wire is 8.0. 

,/ 

( 

c 

c 

c The photocurrent is measured with the help of anideal ammeter'. Two plates 'of' potassium ',oxide of 

area 50 cm2 at separation 0.5 mm are used in the vacuum tube: Photo current in the CitMlt is very 
( small so we can treat potentiometer circuit an ihdependentcircuit. . .....~-. .,~: 

The wavelengths of various colours is as follows: 
" " 
( 

(,

1 2 3 4 5. 6.
Light Violet Blue Green Yellow Orang(l .. .Red 

4500-5000 5000-5500 5500-6000 
,- ...,.: .... , . 

. 6.500-7000 A; in,A-7 4000-4500 6000-6500.. . " . .. . . 

15. 	 T~enumber of electrons appeared on the surface of the catbode plate; when the-jockey'iscolmected 
at the end 'P' of the potentiometer wire. Assume "that no radiation is falling on the plates .. 

c (A) 8.85 x 106 (B}11.06 x 109 (e}8.85 x 109 (0)0 

[ 	 fe? ~Ifis found that ammeter current remains unchanged (2JlA) even when the jockey is moved from the '-
end 'pI to the middle point of the potentiometer wire. Assuming all the incident photons eject electron 

{ 
\. - and the power of the light incident is 4 x 10-6 W. Then the colour of the incident light is 

. (A) Green (B) Violet (C) Red (0) Orange
( 

, 
'\.~ 

P I t  ? 
'-----lI'N~ 

. 20V~ 20 . 
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Paragraph for Question Nos. 17 to 18 

: Gold Nucleus (7~U198) can decay into mercury nucleus <soHg19S) by two decayscher;nesshown'in 
figure. (i) It can emit a p particle (Pl) and come to ground state by either emitting one y raY(Y1) or 
emitting two y rays (Y3 & 12) . 

(ii) It can emit one /3 particle (f32) and come to ground§tate by emitting Y2.rpy,l\tomi~:masse~ r: 
19sAu = .197.9682 amu, 198Hg = 197.9662 amu. 1 amu= 930 MeV/&. The energy levels ()f.tl)e. nUl;:leus are 
shown in figure.' . '. v 

-J -1 MeV Second excited state 
--~----~~--~ 

Y1 13 

__-J____~~yL------E2=-1.6 MeV Frist excited state 

12 Er= -2 MeV
Y T Ground state 
~~8Hg 

17. What is the maximum kinetic energy of emitted P2 particles is 

(A) 1.44 MeV (B) 0.59 MeV (C) 1.86 MeV (D) 1.46 MeV 

18. What is the maximum kinetic .energyof emitted P1particles is 

(A) 1.28 MeV (B) 0.77 MeV (C) 1.86 MeV (D) 0.86 MeV 

Paragraph for Question Nos. 19 to 20 
Atomic Magneism 
The orbital and spin angular momentum of the atom influence its magnetic structure and these 
properties are most directly studied by placing the atom in a magnetic field. Also, a magnetic field can 
affect the wavelengths of the emitted photons. 
The ang ular momentum vector associated with an atomic state can take up only certain specified 
directions in space. This concept of space quantization was shown by Otto Stern and Walthor Gerlach 
in their experiment. 
In the experiment, silver is vapourized in an electric 
oven and silver atoms spray into the evacuated 
apparatus through a small hole in the oven wall. The 
a.tonis~Which .are electrically neutral but have a 
magnetic moment, are formed into a narr9w beam as 
they pass through a slit in a screen. the beam, thus 
collimated, then passes between the poles of an 
electromagnet and finally, deposits its silver atoms on 
a glass; plate that serves as a detector. The pole faces 
of the magnet are shaped to make the magnetic field Magnet g~:ror 
as nonuniform as possible. plate 

In a non-uniformmagnetic field, there is a net force on a magnetic dipole. Its magnitude and direction" 
depends on the orientation of the dipole. Thusthe silver atoms in the beam are deflected up or down, 
depending on the orientation ()f their magnetic dipole moments with respect to the z~irection. 

The potential energy of a magnetic dipole in a magnetic field § is given by u,; ...."il.§ 

. where Il is magneti.cdipole moment of the atom. From symmetry •. the magnetic fieldaUhe beam 

positionhasnoxory components i.e~ B= B then U = -Ilz Bz .z 

dU) dBz
ThenetforceFzon.thedipoleis ( - dz orFz = Ilz(jZ. 
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", 
The Results 

If space quantization did not exist, then it·. could 


take on ;:my value from +Jl to -Jl, the result would 

/. 	 be a spreading out of the beam when the. magnet 


was turned ON. However, the beam was split ~ 

( 

. 0 


cleanly into two subbeams, each sUbbeam :E 

corresponding to one of the two permitted ~ () 	 o 
orientations of the magnetic moment of the silver co 

r 
\. 	 atom, as shown. Beam Detector Position 

. . . 

In a silver atom, all the spin and orbital magnetic moments of the ElI.ectrons cancel, except for those 

( of the atom's single valance electron. For this electron the orbital magnetic moment is zero because 

orbital angular momentum is zero (because for electrons of s~orbit, L =0), leaving only the spin 
( magnetic moment. This can take up only two orientations in a magnetic field, corresponding to 

ms =+112 and ms =-1/2. Hence there are two subbeams - and not some other number. 
C 

C 19. 	 A hydrogen atom in ground state passes through a magnetic field that has a gradient of 16mT/m in 

the vertical direction. If vertical component magnetic moment of the atom is 9.3 x 10-24 J/T, then 

force on it due to the magnetic moment of the electron is : 

(A) 5.8 x 10-22 N (B) 1.5 x 10-25 N (C) 5.8 X 10-24 N (Of1.5 X 10-24 N 

\ 
r 

20. 	 Inthe Stern-Gerlach experiment conducted with silver atoms, the magnetic field Bhas a magnitude 
i 
\ .. 	

of 620 mT If magnetic moment of a silver atom is 5.8 x 10-5 eVrr, then the energy difference between 

the orientation of the silver atoms in the two subbeams is : 
( (A) 3.6 x 10-5 eV (B) 3.6 x 10-2 eV (C) 7.2 x 10-5 eV (0) 7.2 x 10-2 eV 

( 
SECTION-IV 

Matching List Type (Only One Option Correct) 

This section contains 3 questions, each having two matching lists. Choices for the correct combination ( 
of elements from List-I and List-II are given as options (A), (B), (C) and (0) out of which ONE is correct. . 	 . ,. '. " - .. .. 

C 
{ 21. Using Bohr's model for H-like atom, match the following. Here n =orbit number, Z =nuClear cti'arge, m = 

Thus, the net forcedepends, not on the magnitude ofthe field itself, but on its spatial derivative orgradient. 

mass of electron 
( List-I 

P. Due to revolving electron, the magnetic field produced 

at its centre is proportional to 

Q. Magnetic moment of revolving electron is proportional to 

R. De-Broglie wave length of revolving electron is proportionat to . 

S. Areai velocity of revolving electron about nucleus is 

List-II 

1; n-5 

2. n 

3. Z3 

4. independent of Z 

proportiona~ to 

f (B) P-2, Q-4, R-3,S-2 \. (A) P-1, 0-4, R-2,S-4 

(C) P-3, Q-2, R-1,S-4 	 (D) P.l1, 0-4, R;-2,S-2 

c 

c 

c 
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22. 	 Match the statements given in column-I with their correspondingpossible<results in column-II. 

List-I List-II 
P. 	 If photons of ultraviolet light of energy 12eV 1.. . 8 


are incident on a metal surface of work function 

of 4 .eV, ,then the stopping potential (in eV) will be 


Q. 	 The ratio of wavelengths of K(t lines of two 2. 3 

(85)2
elements is .81Numbe~ of elements having 

atom,ic numbers between these elements will be 

R 	 If 20gm of a radioactive substance due to radioactive 3. 1 
decay reduces to 10,gmin 4 minutes, then in what 

time (in minutes) 80 gm of the sarrie substance 

will reduce to 20gm


• I . 

5.. 	 The mass defect for the nucleus of helium is 4. 7 

O.0302a.m.u.~The binding energy per nucleon for 


2helium in MeV is approximately (1 amu =930 MeV/c ) 

, (A) P-1, Q-2, R-2,S-4 	 (8)P-4, Q-3, R-2,S-1 
(C) P-2, Q-1, R-2,S-3 	 ·(O) P-1, Q..2, R-1,S-4 

23. 	 In column-I, consider each process just before arid just after it occurs. Initial system is isolated from 
all other bodies. Consider all product particles (even those having rest mass zero) in the system. 
Match the system in cOlumn-I with the result they prOduce in column-II. 

List':'I 	 List-II 
P. Spontaneous radioactive decay of an 1. Number of protons is increased 

uranium nucleus initially at rest 


. b t' . . 238 234 4 H 
as given y reac Ion 92U ~ 90Th + 2 e + ... 

Q. 	 Fusion reaction of two hydrogen nuclei 2 . Momentum is conserved 


. b r 1. 1. 2
as given y reac Ion 1H + 1H ~ 1H + ..... 

R Fission of U235 nucleus initiated by a 3 . Mass is converted to energy 
. " ' .. 

thermal neutron as given by reaction 	 or vice Versa 

1 '. 23SU· 144 8 89K 31on+ 92 ~ 56 a +36 r+ on+... 


S.. ~., decay (negative beta decay) 4. Charge is conserved 


(A)P-1, Q-2, R~3,S_1 (8) P-2, Q-1, R-4,S-2 

, (C) P-3, Q-4, R-2,S-3 (0) P-4, Q-1, R-1,S-4 


8.ECTION·V 

Integer value correct Type 

This section contains 7 questions. The answer to each question is a integer type. 

24. A radioactive sample has 12.0 x 1018 active nuclei at a certain instant. Number of nuclei still in the same 
active state after two half-lives is n x101'8. Find n. 
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25. 	 A 100' ml solution havinQ activity50.,gps:i~· ~ept in'p,bE;~~er. ):t,is 'l0vt. qons~~ntly diltJted byad~ing water at 
a constant rate of 10 mt/sec and2 mt/s~c of so·lution:is·:'2dhstarltl}l"belngtaken-out. The'~ctivity of 10 mt 

- ':OIUI;on which is taken oul. assum;~~ halir;f~~·Je'~ffecliveIY very large ;sA~H~JIb] ~~~r~ 
Ao = 50 dps find axb . :.' 

:' ."",

~omelsec, 

~",~ . 

---~/-,~~~tro~-f:: :~::;5,·~:k:;ilnli$et 
In the figure shown electromagheticradf~tt6ns' of~avejehgttr2bo'Ain 'a~e inCident' on the metallic 
plate A. The photo electrons 'are. accelerated by-a potentialdffference 10V These 'electrons strike 
another metal plate B from which electromagnetic radiations are emitted. The minimum wavelength 
ofthe emitted photons is1 Oo"rim:The work'functio~ of the m'efal':fA';ls X eVthenfind x.+ 2.2 . 	 '. . 

, use hc = 12400 evA, use Rch = 13.6 eV. 	 ;'''.;,,' 

200nm '. 	L 

C''" .~.~ -?--,.rsA .,8,I ""',. " 
" '.=100nm. . 	 AmI" 

( 

'''0;,''1OV 

27. 	 An X-ray tube is working at potential of 20 kV. The potential difference is decreased to 10 kV. 'It is found. 
( 	 that the difference of the wavelength .of K", X:-:r~y and the mopteqergetic continuousX~ray becomes .':.' . 


4 times the difference before the change ofvoltage, Find the atomic number of the target element. Take.:':: ' 

( 	 : ,-, -.' " .~!'. ' 

1 

( b = 1 and .J3.4 = 0.54. 

'. 

( 
. '. ' ..4", '.' '" ' .. ' .


C 28~ The wavelengths of K", x-rays of two metals 'A' and -'B'are '1875 Rand 675 R res~~ctiveIY, where 'R'is .' 


Rydberg constant. The_number of elements lying between 'A' and 'B'accordingtotheiratomic numbers is.",~, 
, .. "; - :' , .<'( ... /;~~.-~ ~~: ~{·,:,:~~::2~j/" ,": .' 

{' 29. A cobalt (atomic no. = 27') targetis bombarded.with'electrOris,cartd~the Wavel~ngths6f'its cha'racteiistic '.~.. 
x-ray spectrum are measllretL,A. second weal(char~ct~ri'st~c!specthJhi is"al'So fch:md,duEfto can";mpuritY ' 

( 
\ in the target. The wavelengths of the K", lines are 225.0 pm (cobalt) and 1 00.0 pm (impurity.). If atomic 

'number of the impurity is 5N find the value of N (take b = 1)
( 

C,30. 	 The radii of nuclei of two atomsareinratio %.Assuming them to pe tlydrogen like atom, the ratio o~ . 
:.< .' 

t 
their orbital radius for Kshell is ~ • find the value of N (assume no. of proton = No. of neutron for 

C 
each atom) 

C. 

c 
c 
c , 
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F~LL SYLLABUS:,TE·ST .. ,t.(FST-1) 

CLASS: XI 


Duration: 1 Hour 	 Max. Marks : 60 

GENERAL INSTRUCTIONS 

1. 	 This Questio-n Paper contains 20questiohs. 

2. 	 For each question in ~ection I, you Will be aWElrded 3 Ma~ks if you give the correct answer: and zero 

Mark if no answer is given; In all.other cases, minus one· (-1) Mark will be awarded; 

3. 	 For each.qu~stio.n in Section III you will be awarded 3 Marks if you give the correct answer. There is 
t· 	 .. 

no negative marking. 

4. 	 For each question in Section III, you will be awarded 3 Marks if you give the correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. 

, ,
5. . For each question in Section IV, you will be awarded 3 Marks if you give the correct answer and zero 

.' 
Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. . . 

. 6. For each question in Section V, you will be awarded 3 Marks if you give the correct~nswer. There is 

no negative marking. 

SECTION -I 
Straight Objective Type 

This section contains 5 Single choice questions. Each question has choices.(A), (B), (C) and (D) out of 
which ONLYONE is correct. . 

1. 	 A curve is plotted to represent the dependence of the ratio of the received frequencY f to the frequency foemitted 
by ~tte source on the ratio ()fJhesP.eedof obse:rverVol> tothe,speed pfsoundVsou~ina situation in which an 
observeris moving .towards a stationarysourid source. The curve is bestrepresented·by:· ~ 

fff~ 

1r 	
fff, 

(Al I eB) 


I 

I 

oV I I 
I 


.. 1l·v.JV 	 1 • VjV.OUndsound0.5 	 0.5 
,,~ ~ 

t:: 	
".I 


I 

I 


i 
I 

(D)
(C) 

01o . I ·V.JV . 	 I l,vJV1 " eouod0.5 	 1 SOIl"" 0.5 

',~ 

" ... 
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\ 2. .' Two bloCKSA& B6ftriasse~fiTjar1a:2rnifJ~~S'C'fWely;!~ttacl'l<~Ba1:bppos'teertl1s·oy;~'s'~rI6~:rofSprin'g constant 
. K, placea'on smooth hdfiiontal~UffaC£e:\S#ringfs rr:1ittallfafitS'halural'l\;rngtlll;;;An~giverfa\'E:ilatity 2Vo and 
Bgiven velocity Vo as showri~ . . 

. ,.. .y." \C.," ._., ••.. ' . : j 

2Vo Vo 
( 
\ .~~ : 

m .~:~.q ti .', .. .. . .,.' 2m~ t. 
r 

~"; 
() 

'. maximum seperationbetweerlilT):and eentre::bfmassl)Hhl?system,w"hb~~ 1~\ 
( . '., ' .. t~::":1~!{"':~:"':'~~::.:;"i";\2'~ ;'!j"':'~'{;:i'U:'~"';:"':i" ;",:. ,''".

I. . BmVo I. 2mVo . . 2e 2mVo 2e BmVo 
/ ... (A) "3+' ~ (61:;;J '1J3K:i\,... : ,,~G)<~: t, . 'GoV',";: :,.~,JP},i 3' t'Y3·Ki." '., \ 

.' " ,"j .- • ...,... ; .•'-,. ;.~ .• ", ,:-.-, - ~~. :--.~,-.'",,-.,:: ••• ,:~ 1", _~••_-;. " .• ~ 
3. A particle is executing SHM according to the equation x =Acos'&E Averag~'speed i,t''the particle during the 

1t 
interval 0 s; t ::;;6 ro . 

~ .' ~y' 

,.':!< L 

'"',' '.• 

/'{' ",,:,~:' 

, .: i: ~ ..' .."", 

(A) E~O) (~;i3:~~ .. (C,)' 3A~.· '3Aro,,'rr,;c)f!:) . 
. ! 'if).': ,3 . . '1t •.... ::Cr;>L 1t ,2, {" ...;3 ., 

Mass m shown in figure is in equilibrium. If it is displClced further,9Y xan.d r!elE1ased"' 

find its acceleration just after it is released. Take pulleys to be light &smooth and' 


strings light.· . i.,. .,",' 

. , . • " ", ., ' . 'y ~ , t~ 

·f -,"' .f',;' -.::;, '.' 4kx "'2kx," "'" 
(A) 51T1 .{B)··5m~ .( ... , ., ~ . . .~~ 

(C) 4kx ":{Dym:klsotthesg ," 
m 

:"' '.' 

.6~e moleof an ideal gas at pressure Po and tempe~ature To is expa~ded isothermally to twice its volume and 
then compressed at constant pressure to (VrJ2) and the gas is brought j;)ack to original state bya'process 
in which p.. ~V(pressure is directly proportional to volume"f The correct representation of process is 

.,-' .. . 
'.Jj:":)h~ .::l·.: 'f •• 

P" 
I ,~,D· 

p 

(A) p.i-~- : (6) (C) ~+~5J::,,~':~~~,:::~, ., , 
V. 2V, v.....V,I2V. 2V. v.... , T,I4 T. T-+ T. T ..... 

" {;'1 ::', '. ~ ..' ;~ t' .~,,! 

,c ~ "::J;':J~:-~~~~e~n~~~:';yp.e 
This section contains 5 Multiple choice questions. ~ptl qlJ~stiol}hC!sA ~hojcEl~ (Al,m);.(C)lanq (D), out 
of which ONE OR MOREn'laybecorrect ' . y ..' " 

::~.':)n~:'LI." ..',:<;"; '1 

., ,.fi,' "'. '" 

........ . . . , 

'c 
, ..; { 

~. 

l 
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S,f' . Heat is supplied to a certainhomogeneouss~mple ofmatterata uniformrate.lts.temperature.is.plotted 

. against time as shown in the figure. Which ofthefollowin.Q.conclusjonscan pe drawn? 

rJ~ 

.. Tiine_ 

(A) its specific heat capacity is greater in the solid state than in the. liquid state. 

(8) its specific heat capacity is greater in the liquid state than in the solid state. 
(C) its latent heat of vaporization is greater4hqnits'lateAt heat-of-fusion.·"··· '-,.-.. '. ,.. , , .. -.,~ 

(D) its latE;!nt heat of vaporization is smaller than its latent heat of fusion. 

7. 	 The vibrations of a string of length aOO em fixed at both end~are represented by the equation 

y =4 sin (1t 1~) cos (96 1t t) 

where x and yare in em and t in seconds. 

(A) The maximum displacement of a particle at x = 5 cm is' 2..[3 cm . 

(8) The nodes located along the string are 15n where integer n vpries from 0 to 40, 

(C)The velocity of the particle at x =7.5 cm at t = 0.25 sec is zero 

(D) The equa~ions of the component waves whose superposition gives the above wave are 

2 sin 21t (3~ +48t) ,2 sin21t (;0 -48t). 

8. 	 A partition divides a container having insulated walls into two compartments I and II. The same gas fills 
the two compartments whose initial parameters are given. The partition is a conducting wall which can 
move freely without friction. Which ofthe following statements isfare correct, with reference to the 

. final equilibrium position? 

P, V. T 2P, 2V, T 
I II 

(l\) The Pressure inthe two compartments are equaL 

3V 


(9) Volume of cOmpartment I is -s 
. '. 12V 

(C) Volume of compartment II is 5 

(0) Final pressure in compartment I is 5; 

9. 	 I'n a resonanc'e tlibeexperimEmt, a closed organ piPe of length .120 em resonates when tuned with a tuning fork 
of frequency 340 Hz. If water is poured in the pipe then (givE;ln vair=34Q m/sec.) : 
(A)minimum lengTh ofwater column to have the resOnance is 456m. 
(I?}the distance between two succesive nOdesis50:cm. 
(C) the maximum length ofwater column to create the resonanceis ..95 cm: 

(O)none ofthese. 


10. 	 Awire of length 'i' haying tension T and radius 'r' vibrates. with fundamental frequency' f'~ Another wire 
of the same metal with length 2i having tension 2Tand radius2rwill vibrate with fundamental frequency: 

f 	 f· 
(A) f 	 (8) 2 f (C) 2..J2 (D) '2.J2 
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SECTION - III ·i-: ,,' 

CompreHe.nslon, Type 
This section contains 2 Paragraphs. Based Upon each paragraph,? Multiple choice questions have 
to be answered. Each question has 4 choices (A)i(S), (C) .and (D), out of which ONLY ONE is correct 

Paragraph for Question Nos. 11 to 12 
A quantity of lim ideal monoatomic gasconsists of n moles initially at temperature T l' The pressUre and 

(l volume are then slowly doubl~d in such a manner so as to trace out a straight line on a PN diagram. 

,r 
\ 

11. For this process, the rati~ n~ is equal to (where Wis work done by the' gas) : , 1 
" 

(A) 1.5 (8) 3 (C) 4.5 (0)6 
( 

" .. 


12. If C is defined as the average molar spedfic heat for the process then ~ has value 
( 

~, 

(A) 1.5 (8) 2 (e) 3 " (D) 6 

( 
 Paragraph for Question Nos. 13 to 14 , 

( 
Figur~ shows an electrical calorimeter to determine specific heat capacity of an unknown liquid. First of all," 

( , the mass of empty calorimeter (a copper container) is measured and suppose it is 'm1'. Then the unknown , 
liquid is poured init. Now the combined mass of c~lorimeter + liquid system/is measured and let it be 'm2': 

So the mass of liquid is (m m1). Initially both were ~t room temperature (e~). ' 2 

Now a heater is immerse,d in it for time interval '1'. The voltage drop across,the heater is 'V' and current passingr,,-, 
through it is 'I'. Due to heat supplied, the temperature of both the liquid and calorimeter will rise simultaneously. 

r 
\, 

After t sec; heater was switched off, and final temperature is ef If there is no heat loss to surroundings 

Heat supplied by the heater = Heat absorbed by the liquid + heat absorbed by the calorimeter 
( (VI)t = (m~ - m1) Sl (e, - eo) + m1 Sc (er - eo) 

( (VI)t S-- m, c et eo 

The specific heat of the liquid SI = (m2 _ m ) 


1 

!!!8 c ~ 
'me' ' 
~ 90
FHeater 

( 

( ~tin~~~rl~~~~~r~~]~ 
c. 

:-:~:~-:~:~:-:-:-::-::-:-:.:-:-: - " 

Unknown ::t;~::::::~~::=:~:-::_:;;=:=~~, Stirrer , ,tillle (t)
Liquid -- ~-- .... --------- ,", Figure 2 ' ( 

Ternpera!urevs Jime graph 
calorimeter assuming no heat losses ' 

Figure 1 , to surrounding. ' 

Radiation correction': There canbe'heatlos~toenvir~n~~~t:;To c~;~~'ri~atJ't'h'iS'IOSS, a corre.ctionis L , ,;; ", .. 

introduced;
C Leltheheater was on for t sec, and then itis switchedoff. Nowthetemperature of the mixture falls dueto ' 

he~tlossto environment The temperature of the mixtureis measured at ti2 sec. after switching off. Let the 

fall ,in temperature during this time is £. 
(
',- Nowthe corrected finaltemperature is taken as ' 

/' e' = 0' +6 
L· 

r r 
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13. 	 In this experiment voltage· across the heater is 100.0 Vand current is 10.0A,and heater.Wa::> switGh~q 9n 

for t =700.0 sec. Initially all elements were at room temperature So =10.0°C and final temperature was 

measured as, St =73.0°C. Mass ofemptY, calorimeter wasLO kg and the combined mass of calorimeter + 

liqui~ is 3.0 kg . The specific heatcapacity of the calorimeter 5c=3.0 x 103 J/k~tC.,ThiHall in temperature 

350 second 'after switching off the heater was 7.0GC. Find the specific heat capa'city'Oftl1e Onknown liquid . 	 . 

in proper significant figures. 

(A) '3.5)( 103 J/kgoc (8) 3.50 )( 103 J/kgOC (C) 4.0 )( 103 J/kgOC (D) 3.500)( 103 J/kgOC 

14. 	 If mass and spegific heat capacity of cal~rimeter is negligible, what would be maximum permissible, error in . 

Sl' Use the data mentioned below. 

m1 ~ 0, So ~ 0, m2 = 1.00 kg, V = 10.0 V. 1= 10.0A, t= 1.00)( 102sec., 80 = 15°C, Corrected 8t = 65°C 

(A) 4% 	 (8) 5% (C) 8% (D) 12% 

SECTION-IV 

Matching Ust Type (Only One Option Correct) 

This section contains 1 ..questions, each having two matching lists. Choices for the correct combination of 

elements-from Ust-I and List-II are given as options (A),(8),(C) and (D) out ofwhich ONE is correct. 

15. Consider a system of particles (it may be rigid ornon rigid). In the column-! some condition on force and 

torque is given. Column-II contains the effects on the system. (Letters have usual mE?~ming) 

list-I 

P. F	 ;:::: 0res 

O. "ires =- 0 

R. External force is absent 

S. No nonconservative force acts. 

(A) P-1, 0-2, R-3,S-4 

(C) P-4, 0-2, R-1,S-3 

·Ust-II 

1. Psystem will be constant 

2. [system will be constant 

3. total work done by all forces will be zero 

4. total mechanical energy will be constant. 

(8) P-1, Q-2, R~2,S-4 

(D) P-1, 0-3, R-3,S-4 

SECTION - V 

I nteger value correct Type 

This section contains 5 questions. The answerto each question is a integer type. 

16. 	 A particle moving on a smooth horizontal surface strikes a stationary wall. The angle of strike is equal 

to the angle of rebound & is equal to 37° and the coefficient of restitution with wall is e =~. Find the 

X 

friction coefficient between wall andthe particle in the form 10 and fill value of X . 


... 
... ... 

37"'''' 
37· 

/ 
.; 

" 
/ " 

~" 

http:heater.Wa
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17. 	 A spo6lfq(mass~M'=3kQ andrad,i,usR=20 cm;h~sar!,~eofragi~~r=JOpm,arc)lmd which a string is wrapped. 
The moment ofinertia about'an axis perpendicUJartd'theplaneofthe spool and passing through the centre is 

. . . • 	 r 
.\'-, 

MRZ. Coefficient of friction between the surface ~nd~~ SP'001 is 0.4. If the maximum value of the tension is2' ". . 

T(in~)that can be applied sothaffhe 'spoofrollswitho(ilslfpping,then fihdT/2 [Takeg= i 0 m/s2;J 

( 

o 
( 

18. 	 A particle is projected alart angle 60'0 with speed10,J3,fromthe;point I A' as shown in the fig. At the same 
r 
" 

. ,time the wedge is made to move,withspeed1 oJatowards right as shown in the figure. Then the time (in 
" seconds) after which particle will strike the wedge is : " 
( 

( 

( 

A 


( 19. 	 In a tank ofhorizontEll cross-sectibrialarea 1m2, a spring with fcirce constant 2000 Nm-1 is fixed in vertical 
/ .posiUpn uptq the !leightof the water as shownin figure 1. A block of mass 180 kg is gently placed over the\ 

spring and it attains the eqUilibrium position as shown in figure 2. If base area of the block is a.2m2 and height 
t 
" 60 cm, then compression in the spring is 5X (in cm) in equilibrium position. Then find X(take g = 10 m/s2; 

P = 1000 kg/m3)( 	 w 

r 
I\. 


, m=180kg 

(. 

C 


C 

'.~=-'(Fig.1) 	 . (Fig. 2)

( 

( 
20. A planet revolves about the sun in elliptical orbit of semimajor axis 2x 10'2 m. The areal velocity of the 

( 	 planet when it is nearest to the sun is 4.4 x 10'6 m2/s. The least dista,nce between planet and the sun 

is 1.8 x 10'2 m. The minimum speed of the planet is a x 1(}1 (inkm/sec) thEm find a.' 
C 

(. 

( 

C 

( 

(
",-. 

L 
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FULt SYLLABU'S TE§"T,~'2uJF§T:?) 

... 	 CLASS: XII 

, " 

Doratic:m : 1 Hour 	 Max~ iM~~ks : 60 
, , 

GENERAL INSTRUCTIONS 

1. 	 This Question 'Paper contains 20 questions. 

2. 	 Foreach question in Section I, you will be awarded 3 Marks if you give the correct answer and zero 

Mark ifnoanswer is given. In alloth~rcases, minlls one(~1) M~rk will be awarded.. 

3. 	 For each questio;n in Section II, you will be awarded 3, Marks if you give the correct answer. There is 

no negative marking. 

'4. 	 For each question in Section III, you will be awarded 3 Marks if you give the correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. "1. 

5. 	 For each question in Section IV, you will be awarded 3 Marks if you give the correct answerand zero 

Mark if no answer is given. In all otherCCises, minus ohe (-1) Mark will be awarded. 

6. 	 For each qu'estion in Section V, youwill be awarded 3 Marks if you givethe correct answer. There is 

no negative marking. , 

SECTION -I 
Straight Objective Type 

This section contains 5 Single choice questions. Each question has cboices (A), (B), (C) and (0) out of 
which ONLY ONE is correct. 

". ' . 	 . .' 

1. 	 A graph of the x componeritqf the electric fieldl':lS a function'ofx.in aregioAof space is shown. TheY 
and Z componeotsofth,eeleotric fielq are zero in this,re'gion . .If the electric potential is 10 Vat the 
origin. then potential at x = 2.0 m is : '" ' 

20 , - -	 - - - - - - - 

E~(NlC) k }o" I ~ )x(m), , 
4 ' 

(A) 10V (8) 40 V (C) - 10 V (0) 30 V 
" 

2. 	 Ametallic charged ring is placed in a uniform magnetic field with its plane perpendicular to the field. If 
the magnitude of field starts increasing with time, then: 
(j\) the ring starts translating (BJ the ring starts rotating about its axis 

(C) the ring starts rotating about a diameter (D) current starts flowing in the ring 

Mf:Qesonance, 	 ,.. :. 
';';:'5~).I=9ucatlngfor better.tomorrow 	 "';';;::,~",;,,_~ 
'.' .':'-.,'" ' 	 -,,;-~. - . 

- - -

-20 
- - _1

http:function'ofx.in


·/iesal restor) the smooth frame. as shown., The frame is in uniform 
magnetic field Bo ' which is perpendiculadci the plane offrame; Alt. im.e .i I 

® Bo. '. C 
. ~I-,.---

t =0, the magnitude of magnetic field begins to change with time t as, 

8 
B . .',. . .b 

= 1+~t' where k is a positive constant. For nocurrentto b~ ever. !I . '.' . Ii 

( . induced in frame, the speed with w~ich rod .should be pulled starting 
from timet = 0 is (the,roc:ipD, should be moved such that its velocity' 

<E-a~~I-D---
Frame in magnetIc fieio . 

must lie in the plane of fr;3me and perpendicular to rod CD) . . before timet='Q 

'," -" .., ...... ~ ·';";;l 

(A} ak {BT bk 

c" 
(C) a(1 +kt} (D) b(1 + kt} 

4. Refractive index ofaprisnrisj{ and the. angle of prism is 60o.Theminimumangle of incidence 

ota ray tllahvill be transmitted through the prism is :. . . ...., . 

(A) 30° (8}45°, (C}15° (D) 50° 
r' 
l, 

5. Two particles having positive charges +0 and +2Q are fixed at equal' 

( distance x from centre· of a conducting sphere having zero net charge 
and radius r as shawl), Initially the switch S is open. After the switch S 

+0 x ••.•.11('. ~ ••••• 

( is closed, the riet charge flowing out of sphere is . 

r, (A) Qr 
x 

(B) _ Qr 
x 

( (C) 3Qr (0) _ 3Qr 
/

\ 
x x 
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3. A U-shaped conducting frame is fixed inspace.cA conducting rod CD 

( 
\ 

SECTION., II 
Multiple Correct Answers Type 

( This section contains 5 Multiple choice questions. Each question has 4 choices (A), (8), (C) and (D), out 
ofwhich ONE OR MORE may be correct. 

C 6. Two identical dipoles of dipole momentP =Poi (po is a pOSlitiveconstant)... 't- y 

. . ,: ..... '.,.': '.. '.. . . ..': ..... '. ',' ... ..,... ...... ..P 


f are placed on x"axls atp?lnt~~(a; 0, O)and:B{..;.a; O,O)as ShOW!1·:;~!;;;<:·"::J"~'lo.'· '.' )II. 
 )X
\. ~ 

Then pick up the correct statements: . . . " (~a,O.O) .'." ' .. (a;'O,O) 

L (A) The electric field at e'acti point on y-z plane (except at infinity) 

must be perpendicular to y-z plane. 


( 
. (8)I,f electric field exists~atapoint on y-z plane, it must be.perpendiCl1lat tQy~zplarle,
'L 

(C) Potential a! each"polht ony-z pl':me is zero. 
C (D) There is a circle offinite radius on y-z plane with centre at origin such that both electric field 

( . and potential a rEt zero at each paint on its periphery. '. 

(. 7. The plates· of.a pa,rallel plate capacitor with no dielect'ricare connected to a voltage soutce. Now a 
dielectric of dielectric constant K is inserted to fill the whole space betw~en the plates with voltage 

( S6urcerernainingconnected to thecapacitor. ..' 

(A) the~nergystored in the capacitor will become K..times.·( 
(B) th~electric .fielq :inside the: 'capacitor will deqr~a$k K-tirn,es, 

. (C) the f~rce 'of~tt~a~ti~n betWeen ." the platesWjHbecbfiJ~{K2.;hrrl~ki>'f'". 
(0) the charge on the capacitor will becomeK-time~. ..... .~':,,'.:.;.;\;~/;;,.. . 

http:inspace.cA
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8. 	 At distance of Scm and 10em outwards from the surface of a uniformly charged solid sphere, the 
potentials are 100V and 7SV respectively. Then 
(A) potential at itssurface is 1S0V . 


. (8)the charge on the sphere is (S/3) x 10-=10C. 

,(C) the electric field,on the surface is 1S00 Vim.' 


,: (D) the electric potenti;::irat its centre is 22SV. 


9. 	 A cohducting rod of length I! is moved at constant velocity 'v ' on two parallel, o 
conducting, smooth, fixed rails, that are placed in a uniform constant magnetic 
:ield 8 pe.rpendicularto the plane of the ra. ils ~sshown ih.figure.Aresist~nc~R Rt 0BII-Vo 

'IS connected between the two ends ofthe rail. Then which ofthefollowmg IS x ® 
are correct: • • 

(A) The thermal power dissipated in the resistor is equal to rate of work done by external person pulling 
the rod .. 
(8) If applied external force is doubled than a part of external power increases the velocity of rod. 
(C)Leni's Law is not satisfied if the rod is accelerated by external force 
(D) If resistance R is doubled then power required to maintain the constant velocity Vo becomes half. 

10. A charged particle of charge +q, mass m is moving with initial velocity 

v/'x X 
X X X 

y 
,.

'x x'v' a~ shown in figure-in a LJniform magnetic field!3(-k). Select the B x ~ extend upto a 
x x x x large distance. correct alternative/alternatives :

X X X 	 X X(A) Velocity of particle when it comes out from magnetic 30·XXXX 
X X X x·+x 

field is 	v= vcos300j v sin300] X X X 	 X 
nm 

(B) Time for which the particle was in magnetic field is 3q8 

nmv 
(C) Distance travelled in magnetic field is 3q8 

(D) The particle will never come out of magnetic field 

SECTION· III. 
Comprehension Type 

This section contains 2 Paragraphs. Based upon each paragraph, 2 Multiple choice questions have 
to be answered. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE iscorrect. 

Paragraph for Question Nos. 11 to 12 
Rutherford's c<::IJclJlation s used the inverse,..sq uare law of repulsiveforceb~tween an a-particle (Z =2) 
and a gold nucleus (Z =79) ignoring multiple scattering. The scattei"ingangle 9 of the a.;.particle IS 

, 	 . , ,. 

. . .' Ze2 cot(9/2) 

related to the impact parameter b through the relation b = 4' E' 
, 	 n~ 

WhereE is the kinetic energy of the incident a-particle. The impactparameter b is the perpendicular 
distance of the initial velocity vector of the a-particle afdifferent angles agreed with Rutherford's 

.", Ze2 cot(9/2) 

calculations based on the nuclear model af an atom. b = 4nEE 


° 
11. 	 For impa<;tparameter (b =0) scattering angle will be : 

(A) 9 =.00 .. . (8) e = n (0) {} '= ",/2 (D) None of these 

12; 	 Iffor the ~+(positron) emission from a nucleus, there is another competing p~oces~ known,as electron 
capture, then which afthe following.iscorrect: " " .. " .' . 
(A) if ~+ emissio.n is energetically allowed then electron capture is necessarily allowed 
(B) if electron capture is energeticallyallowed then ~+ .ehiissionis necessarily allowed 

. (C) both processes 'are independent from each other 

(D) none of these. 

~-_<f' 
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Paragraph for Question Nos. 13 to 14 
E,r--'Y· 1 1E,

In the circuit shown, switchK isinitiallyopeh:Boththe cells are ideal 

and C = 30 J.!F, E1 = 1 Vi R1 =2Q, E:j = 3V, R2= 40. At t = 0 second, the 
 -Riel!'sWitch K is closed. A and 8 are two points on circuit as shown. 

t' 
\ 

13. Just after the switch K is closed, the magnitUde of current in amperes through resistance R1 is ~ 
"' 1 4 

(A) "3 (8) "3 (C) 1 (D}2c) 
14. . Long after the switch K is closed, the magnitude bfcharge on the capacitor in steady state is,. 

(A) 10 J.!C (8} 30 J.!C (C) 50 J.!C (D) 90 J.!C 

SECTION'.... IV 
Matching List Type (Orlly One Option Correct) , 

This section contains 1 questions, each having'twomatchinglists; Choices for the correct combination of 
( elements from List-I and List-II are given as options,(A),(8),(C) and (D}~utofwhich O~E is correct. 

C 15. In each situation, of List-I,-some charge distributions are givenwith aU detc:iils explained. In List-II the 

{' electrostatic potential energy, electric field and its nature is given situation in List-II. Then match 
t.... situation in UsH with the corresponding results 'in List-II and indicate your answer by darkening 
/_.- appropriate bubbles in the 4 x 4 matrix given in the OMR. 
\ 

List-I -Q List--lI 
(p} A thin shell of radius a and having 

a charge - Q uniformly distributed (1) Electric potential energy of the 
\, 
f 1 . Q2o

over its surface as shown system is -8---- in magnitude 
7t EO a"\. 


t' (q) A thin shell of radius ~a and having 

\.. ~ 

a charge - Q uniformly distributed (2) Electric potential energy of the 
t' . 
\ .. ' 3 Q2'<V 

over its surface and a point charge system is 20 in magnitudec 
 . 7tEo·a ' 


- Q placed at its centre as shown. 


". (r). A solid sphere of radius a and having -0
\. 

a charge - Q uniformly distributed (3}Electric potential energy of the 
c 

2 Q2 
system is -5---a'~-inmagnitude( 

\, 
throughout its volume as shown. 

7t EO 

c (s) A solid sphere of radius a and having 

acharge - Quniformlydistributed 

throughout its volume. The solid sphere 
 (4) Electric potential energy of the 
is surrounded by a concentric thin system is positive in sign 

L uniformly charged spherical shell of 

radius 2a and carrying charge-Q
C 

,as shown 
Codes: 

P q r s 
c (A) 1 2 3 4 

(8) 1 3 3 4c (Cl 4 3 2 1 
(D) 1 2 2 4 

c ,~:'~f~e:$onahC:e ...• 
.., IEdilcatiriO for better tomorrow ~ _; . '" . 
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'SECTION- V 


Integer:. value., COl7rect. Type 


This section contains 5 questions. The answer to eachquesfiorUs a integertype: 


16. 	 In the circuit shown, current throl,.lgh the,resist~IJ~~ ~2~:,~V. 	 . ,,:, ,,' -, ". :.",' 

2Q is i1 and current through the resistance 300 is i2. J3V~~y
Find the ratio f.i 

2-, 

5V 

17. 	 In the figure shown the switch 8 1 remains connected for long 

time and the switch 8 2 remains opened. Now theswitch 8 2 is 
R 


closed. Assuming that E = 10 volt and L=1H, the magnitude 
 .~ ~~ of rate ofchange of current is 2X (in ArTI'p/sec.) irithe inductor'" 
3ss

just after the switch 82is closed then find x . 

18. 	 A point source of radiation power P is placed on the axis of co~pletely absorbing disc. The distance 

between the source and the disc is 2 times the radius of the disc. The force that light exerts on the disc is 

P 
-4 then find a (c = speed of light).

ac 

19. 	 In the figure, a conducting rod of length '- = 1 meter' and m.assm = 1 kg moves with initial velocity 

u = 5 m/s. on a fixed horizontal frame containing inductor L = 2 H and resistance R =1 o. PO and MN are 

smooth, conducting wires. There is a uniform magnetic field of strength B = 1T: Initially there is no current in 

the inductor. Find the total charge in coulOmb, flown through the inductor by the time velocity of rod becomes 

v
f 
= 1 mls and the rod has travelled a distance x= 3 meter. 

P I 9 

®B 

L ~R 
u 

M N 

20. In a YD8E arrangement composite lights of different wavelengths,\ =560 nm and 1...2 = 400 nm are used. 

If D = 1m, d = 0.1 mm. If the distance betw~e.n, two nearest completely dark regions is 7X mm then X is : 

,.. ,' 	 II(

]Resonance 	 " .' ,i.>.~~'~l!Cating for .better tomorrow 	 ~. :.. >,. 
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FULL,SYLL.}\Bl)S TEST-3,(F'ST-3) 

...'..; 'CtASS:XI';&"XU" 

:" Duration : 1 Hour Max. Marks : 120 

(i GENERAL INSTRUCTIONS 

This QUestion Paper contains 40 questions. 

For each question in Section I, you will b~ awarded 3 Marks if you give the correcfanswer and zero 

Mark if no answer is given. In all other cases, minus one (-1) Mark will be awarded. 

For each question in Section' II, you wilt be awarded 3 Marks if YOllgive the correct answer. There i~ 


no negative marking. 


For each question in Sectionlll, you wili be awarded 3 Marks if you give the correct answer and zero 


Mark if no answer is given. In all other. cases, minus one (~1) Mark wIlr'be awarded. 

For each question in Section IV, you will be awarded 3 Marks if you give the correct answer and zero 

Mark if no answer is given. In all other cases, minus one (-1 ) Mark will be awarded. 

For each question in Section V, you will be awarded 3 Marks if you give the correct answer. There is 

no negative marking. 

SECTiON -I 
Straight Objective Type 

This section contains 10 Single choice questions. Each question has choices (A), (8), (e) and (D), out of 
Which ONLY ONE is correct. . . . 

(
.' 1. Apendulum of length L and bob ()f 1Tl8SS M hasaJ'pril"lg ~fforc~ constant k cO,nn~cted hori;zontally to it c:lt 

a distance h below itspoint:Qf suspEmslorl;!Ther6Cfig in'equillbrhl'rfliHWMI6ai:pOslf(6n:f'he !hid'of length C 
L used for vertical suspensionisrigid\lhdfnia:~:sless.Tlie frequehcy of vlbratiohofttie~systemfor small 
val.ues of 8 is : '.' . ' .. ,. " ,. , .(

"

C " 

( L,t'. 
. 
. 
( 

C 'e--, 
1 PffE','.,

(8)---' mgL+k( (A)~.~9L+kh.1 21tL m .21tL m 


(C)21tJ mL2 (0)-1 J (kh2)
gL+ -,'( 21tL .m.mgL+kh 

c 
L 
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2. 	 A long capillary tube of mass 'n' gmt radiuS2mm, and negJjgjble thiclsness, is 

partially immersed in a.liquid of surface tension 0.1: N/m.l'akeanglEi of c61ftact 
zero and neglect buoyant force of Iiquid:'The force ~eqllired f{t'~oldthe tube 
vertically, will be - {g =10 rriIS2)'" " , ,', . ,.' 

{A)10.4n mN (8),1Q.8,n,mN, ' 

(C)0;8n: mN (O) 4.8 n mN ' 


3. 	 A plane mirror is moving in a circle in front of a stationary point object Oa~ , 
shown in fig. Then path of image of object is. ' 

. ~.r,. f.',,;"\o-	 ':" ~.: ••" .. ~ "'''t'-'(A) circle 
(8) straight line 
(C) ellipse 
(O) parabolic 

4. 	 Figure shows three cir~ular arcs.. eaqh of radius Rand t9tal charge as 

. 
o 

indicated. The net elecric potential at the centre of curvature is : 

Q Q 
(A) 	 2n&oR (\3) 4']t&oR ' 

2Q Q 

(e) 	n&oR {O)n&~R' 

5. , 	 Switch Sis closedfor.,a longtime at t = O.lt is opened, then 
• ".' 	,- •• _ ••• , -,'0 •., • .,. "_ , ...• '_._ - _. • • .' •• 

, " 

(A) total heat produced in resistor R after'opening the switch is ; 

, -20 I ~)f"T ...v • 

, , 
" 

I' 

R2 

' ,2 R~La 	 " " 
, 	 1 L 2 

(8) total heat produced in resistor R1 after opening the switch is 2' R&2 ( R1
R1 + R2 

, " 	 ' ""1 ~ 
2 

(e) heat produced in resistor Rl after opening the switch is'2 {R1 +R2 )R2 

(O) no heat will befproduced in R
1

• ' 

6. 	 A uniform soHd.Sl?heh~of rnass;M,andradius~ is lying ()nJ~.ugh'~QrizQPtat;" ' 
plane.,A cOnsfanUqrc¢:f.F' 4 Mgaqts"~rtical)yq9'Nrwa.rd~,a,rpqi~tf,s~p~,' 
that OP makes 600 with horizontal as shown in figure: Find themlhi!T)urnva'ltJe 

/' "L 

J~
I 	

" , 

/. 
e S 

~rp=4M9 . 
of coefficient of friction 1-1- so that sphere starts pure rolling. 	 ' " " / 

(,3 
" (8) ~ 	 .'(A)-=-; , 7. 

2 2 	 ,
(e) 7 	 (O) 5" 

\.---: 

7. 	 In a meter bridge experiment the resistance of resistance box is 160, which is inserted in right gap. The null 

point is obtained at 36 cm from the left end. The least count of meter scale is 1 mm. The value of unknown 

resistance is

5 5 	 , _1 0 
(A) 9 ± 1280 (8) 9 ± 256 n {C)9±5~20 (0) 9± 2560 

c 
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8. There exist uniform electric field is space. Electric field is parallel to xy plane. The potentiaLof points A (2,2), 

~and C(2, 4) are 4V, 16V, 12V, respectiveJy.The electricfie,IQis".,_,"" .. 

(A) (4i + 5})V 1m (6) (3i +4})V1m (C} -(31 +41)V 1m (D) (3i -4j)V1m 

( 

9. Plane surface of a thin plano-convex lens is silvered. If a point object is placed on principal axis at a distance 
60 cm from the lens and final image is formed at a distance 30 cm from the lens on same side. What will be 
the distance of final image from the lens if the plane surface is not silvered: 
(A) 120 em (6) 180 cm (C} 30 cm (D) 90 cm 

(~~) 10. In a Kundt's tube distance between two consecutive heap is,Ai for air, <wbile,it isincr.~a.sl?-dJ;>YJ?P% for a , , > 
1000 ' 

gas in the same tube with same resonite. If speed of sound in air is -3-m/s then speed of sound in 

( 
gas at same temperature is . 

( 

~ ~ 
o 

.a.. ,(!:l;' 

~ 
.& a .1m. 

(A} 1500 mls 
(6) 500 mls 
(C) To calculate speed in gas degree of freedom and molecular mass of the gas is required 
(D) None of these 

SECTION -II 
Multiple Correct Answers Type, 

This section contains 10 Multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out 
of which ONE OR MORE may be correct. 

A closed vessel contains a mi~ure of two diatomic ga~e~J.\8.l)d B. Molar mass ofA is 16 times that of Band 
mass of gas A, contained in the vessel is 2 times that of,8,: , 
(A) Average kinetic energy per molecule of gas A is equal to, that of gas 6. 
(B) Root mean square value of translational velocity of gas B is four times that ofA. 
(e) Pressure exerted by gas B is eight times of that exened by gas A. 
(0) Number of molecules of gas B in the cylinderis eight times that of gasA. 

( 	 12. In a resonance tube experiment, a closed organ pipe of length 120 cm resonates whel1Jyned with a tuning 
fork offrequency 340Hz. If water is poured in the pipe then (given vair= 340 m/s~c.j: ' 

f 
"-	 (A) minir:'um length of water column ~o have th~ resonance is 45 q~,:':'t~j~, ' 

(6) the distance between two succeslve nodes IS 50 cm."~,:;f';(·~ 
"l
/ 

(C) the maximum length of water column to create the resonance is9S'cm. 
(0) none of these.

C 
13. 	 A wire, under tension between two fixed points A and B, executes 


transverse vibrations in 2nd harmonium. Then: 


9 
C 

( 	

1
A 

1 
B 

(A) All points of wire between A and B are in the same phase 
(6) AI! points between Aand Oare in the same phase • 
(C)Apoint between Aand Oand a point between Oand Bmay have a phase differericeofrd2 
(O)Apoint between Aand Oand a point between Oand Bmay have a phase difference oflt , 


\tv 

\ImIJ~esonance 	 '. ' 
," ~cEducating for better tomorrow 	 " Ci(, _,:' 



, 

FST"3 ---- • ~ • . . f<;) JEE (Advanced) ~ RRB ~ 


14. 	 The two blocksAandB ofequal mass are initially in contact when released from restonthe inclined plane. 

The coefficients of friction between the inclined plane andA and flare i!1 C1,nd ~. respe.ctiyely : 

"''(Assume tan 8 ">~1 and i!2) . . . 


B' '. 
A . 
e 	 ..L.	 

-

. (A) If i!1 > ~, the blocks will always remains in contact. 

(B) If i!1 < i!2' the bldckswillslide dOWrtwith'differentacceleratidhs 

'. . '. . . .' 1 . . . 


(C) If i!1 > i!2' the blocks will have a common acceleration 2'(i!1 '+-i!2)gsin8 

(D) If Jl1<Jl , the blocks will have a common acceleration i!~2 gsin8 

. 2 i!1 i!2 


15. 	 A parallel plate capacitor of capacitance 10 i!F is connected to a cell of emf 10 Volt and. is fully 


charged.Nowa dielectric slab (k =3) of thickness equal to the gap betw~en the plates, is very slowly 


inserted to completelyli11 in the gap, keeping the cell connected. During the filling process:, 

. , 

(A) the increase in chargedn the capacitor is 200 JlC. 


. (B) the heat produced is zero. 


(C) energy supplied by the.cell =increa$e in stored potential energy '+- work done on the person who is 
. , 	 ·1 

filling the dielectric slab. 

(D) energy supplied by the cell = increase in stored potential energy '+- work done on tti'e person who is 
. 	 . . 

filling the dielectric slab + heat produced; .' 
" 

16. 	 A ball tied to the erid ~f the string swings ina vertical circle under the influen~eof gravity;· 

(A) When the string makes an angle 90° with the vertical,.the tangeritialacceleration is zero and radial 
.\ 

acceleration is somewhere between minimum and maximum 

(B) 	When the string makes an.angle 900 with the vertical, the tangential acceleration is maximum and radial 

acceleration is somewhere between maximum and minimum 

(C) At no place in circularmotion, tangential acceleration is equal to radial acceleration (in magnitude) 

(D) When radial acceleration has its maximumvalue, the tangential acceleration is zero' . 

17. 	 A small block of mass m is released from reslfrompOint P in i;I~mooth . 'p.~'\.•} 


fixed hemispherical bo~lofra~iu~ R, as shown. Choose the correct" , 


altematiye{s) : 

A 	 . ( 

."\.. .(A) The speed of block atAis ".j2gR . (B) T~e speed of block at Bis .J9R..... 
.".. 	 ~7 

(C) The normal reaction at B is 3~9 (D) The net force on the block atB i~ 3~9 . 

18. 	 The potential energy of a particle of mass 1 kg in a conserv;:ative field is given as U=(3X:zy2 + 6x) J, where x 


and yare measured in meter. InitiaUyparticle is at (1,1) & at rest then :" " 


(A) Initial acceleration of particle is 6.J5 ms2 ( ... 
'-~"' 

(B) Work done to slowly bring the particle to origin is 9 J 
(C) Work done to slowly bring the pa~icle to origin is - 9 J' 
(D) If particle is leftJree it moves in straight line 

;_JiQesonance . 	 • 
' [Eilucatlng for baiter tomorrow 	 ~ ...• 
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19.· A long cylindrical conductor of radius a has two cylindrical cavities of diamefer ___••••••__~, ' 

" a throughits, e~tJre length as shown in cross-sectionin figure. A current I • 1 

is directed out of the page andIs u, niform throughoulthet6ross-sectf6n of , It 

the conductor. Then the magnetic field in terms of mQ, I,r and a is : fJIJfIIA. 1 AlII p. . -

r\ , " llo12r -a, " , " : "'Il 1 ",'22r - a2) '
, ( 2 '"2)'''" (A}at the point P1 -;; 4r':":'s2'" (I;l)'at the point P1 1t~'( 4r2 + a2 
r 
\ 

, , J.1 1(2r2 +a2} , , '" ," ',Il 1(2r2 +a2,)"" ' 

0 (C) at the point P;:; '4r2+a2r---'-~'-'(f)atthePOintP21t~ ,'4r':":!i2, " 


. ", . . . . . -, "'.' " 

( 
\ 

20. A capacitor of cClP~cit<lnce Cand an ideal inductor of inductance L are, 'f.. - - .,," '.- , . -, " -. ", .. C L
connected in series with an ideal battery of emf E. The resistance of circuit 


( is negligible. If initially capacitor is uncharged and key is closecl at t = 0 

\ then select the correct statements: 

( 
\ 

(A) Maximum charge on capaCitor is CE 
, , 

(B) Maximum charge on capacitor is 2CE 
(C) Maximum potential diff~rence acfl,)ScS inductor is,E, 


I " 
(D) Maximum potential difference acr~ss inductor is 2E 


) 

" 
r
\ SEcrlON - III 
I' Comprehension TypeI 

" This section contains 4 Paragraphs. Based upon each paragraph, 2 Multiple choice questions have to c- be answered. Each question has 4 choices (A), (B), (C) and {D), out6fwhich ONLY ONE is correct 

( 

Paragraph for Question Nos. 21 to 22 
r 

" Resistive force proportional to object velocity 

( At low speeds, the resistive force acting on em object that is moving through a viscous medium is effectively 


modeled as,being proportional to the object's velocity. The mathematical representation of the resistive force 

(
'-' can be expressed as 


R=.;.;.b\,i

( 

Where, v is the velocitY of the,object and b is a positive' constant that depends' on the properties of the 
medium and on' the shap~ ahd'dimensions of the' object. The negativEfsigrf represents the fact that the c' 
resistance force is opposit~ to the velocity. ' 

Consider a sphere of mass m released from rest in a liquid. Assuming that the only forces actihg on the 


( 
sphere are the resistive force Rand the weight mg, we can describe its motion using Newton's second law. 


"-' Though the buoyant force is also acting on the submerged object. the f6rceis constant and effect 'of this 
force can be modeled by changing the apparent weight of the sphere by a constant force. so we can ignore 
it here. 

c dv dv b 
ThUs mg-bv= m'dt =.} - -g -v'dt - - m' c Solving the equation. 

( 
v = bmg 

(1 - e-btlm) 

l 
where e =2.71 is the base of the natura/logarithm. 
The acceleration becomes zero when the increasing resistive force eventually balances the weight. At this 

" point, the object reaches its terminal speed vT and then on it continues to move with zero accele~liQn.
( >;lll!i;iii'f . 

c ·~.tResonance '.>".'''' ,.'Educatingforbettertomorrow ' "<'y":",,," 
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mg-bvt=O 

mg 
=:>, v =

T 'b 

Hen~ v = Vq1-e m) . 	 ." .' .. 
Inan experimental set-uprfour objects I,ll ,III, IV were released insameliRuiq. Using the data collected for 
the subsequent motions, values of constant b wereealCulated. Respectiv/? data are shown intab.le:. 

Object I II III IV 
Mass (in kg.} 1 2 3' " .. 4'" -

Constnat b 
; in {N-s)/m 

.3.7 . , 1.4 1.4.... '.2.8 

21. 	 Which object has greatest terminal speed in the liquid ? 

~I ~n ~m (0) IV 

22. 	 A small sphere of mass 2.00 g is released from rest in a large vesselfi[led withoil.Thesphenfapproaches 

~ terminal speed of 10.00 cm/s. Time required to achieve. speed 6.32cm/s from startOfthe rTlotion is (Take 

9= 10.00 m/s2) : 
i' 	 (A) 5.00 x 10-3 s (B) 1.00 x 10-2 S (C) 2.5 x 10-3 s (D) 1.00 x 10-3 S 

Paragraph for . Quest jon Nos. 23 to 24 
,. " <," '>,; ': 

In a series L-R circuit, connected with a sinusoidal ac sourc~, the maximum potential difference across 

Land R are respectively 3'volts and 4 vO.lts. 

23. 	 At an instant the potential difference across resistor is 2 volts. The potential difference in vQlt, across the 

inductor at the same instant will be : 

(A) 3 cos 30 0 (B) 3 cos 60° (C) 6 cos 45° (D) 6 

24: 	 At the same instant, the magnitude of the potential difference in va.!!, aCross the ae source will be 

{A)3 cos 670 (B) 5 cos 83° (C) 6 cos 97° (0)0 

Paragraph for QuestiqnNos. 25 	to 26 

A wave represented by equationy= 2(m~) Sin[4~(sec-ljt- 2n{m-:l)X] issupkrimpgsedwitil'~nC}therwave 
y = 2(mm) sin[4n:(sec-l)t + 2n:{m-l)X + n:/3] on a tight stri(1g (Negiecting di~sipativErloSSes.answer the 

, .'. ' . 	 . "" . .~ . :., i 

~~~: ' 

. 	 . 

25. 	 Phase difference between two Particles which are locate9 Cit Xl :::' ~ and x2 = 1~ is: 

5n: 5n: 
(A) 0 	 (B) Srad (C) 1t rap (O}"3 rad 

26. 	 Which of the fallowing is nota location of antinode : 

5 11 2 17 
(A) 12 m (B) 12 m (C)"3 m (D) 12 m ··.C 

http:intab.le
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Pc;lrc;lgraph for Q~~~ion Nps" 27 to 28 
.'.r "~. ' • " ., ". ': ." .• -'., . 

The sy.stem shown in figure is initially at origin'and Lsrnoving,with velpcity5 k (m/s)onasmppth horizontal 
xz plane.Aforce F =(120t).acts~:o~n;lC3S~JIl:1~d~h.~ref:jnn~~on,tjn s,ec}.The man-;tAf()w~alight ball (at "~' 
the instant When m1 starts~lip.pmgpn~2) ~itp~ ve,loqityitOO;lf;~ yer:ticaUy upwit~ resp~cU()hJIJl~lf. Taking 
the/illaSs·.of block and m~o as¥9 kgeaG.fj~anq8:s~um!ng,tha(rDari nev~rsIJPsQ~m2. (negl~ct.tl1~dimensions , , " """ ~,' " " , ", ~ .. ',', j , " ,',. ~ .,.. ,
of system, and g::; 10 m/s2) , .. . '~ , 

~ y (vertical) 
1-1=0.2 

( 
\ 

. X 
#', •• ,.. ....... 
.... 

z 
27. Projection velocity of ball with respect to ground is : 

(A) lOf +5k (8) 1.51 +lOJ +5k (C) 3[ + IO) +5k (D) None of these 
/, 

28. The time of flight of the ball is 
/

\ (A) 25 , (8) 45 (C}6s (0)85 

r 
~ SECTION":'IV 
( Matching List Type (Only One Option Correct) 
\ 

This section contains 2 questions, each having two matching lists. Choices for the correct combination of 
( elements from List-I and List-II are given as options (A), (8}, (C) and (D) out ofwhich ONE is correct. 

,

" 29 Figure shows activities Aof three different radioactive material's samples, A lr---r----, 


(labelled as I, II and III}ver:sustime. Using the given information, correctly ( 
match the requisite parameter in the List-I with the options given in 

( List-II. Consider only their natural decay as the cause of rate of change 

/ ofno. of parent nuclei 
\. 

C 

(P) 

c , (Q)' 

( {R} 

( 

(S}( 

c 
c 
c Codes: 

P Q R S 

"'J, "~~t~~;, 1 

2 

2 

3 

3 

4 

4 
1 

(C) 2 3 3 4 
{ 

'- (D) 2 4 4 3 

Ust-I 
Disintegration constant (A) has maximum value for the 

material of sample ... 

Half life is maximum for the material of the sample .... 

Initially if samples of all three materials have same 

numberof atoms the..nnumber o.f paeent atolD$wil! 

be maximum at a later time in'the~sample ..... 

Suppose all the materials decay. by. emitting u,:-particles 

of same energyandinitiallvall three samples contain ' 

same amount (in gm) of the materials. Till the end of 

time spaneql:latto their, respective half I!ves, maximum 

energy is radiated by the sample 

0' =::::...,j '" 

List-II 

(1) I 

(2) I 

(3) ill 

(4) it is not possible 

to compare with the 

help ofdata available 

~, 
'\i 

.'.;, ..• .:;.. ... 
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30. 	 List-! gives a situation in which two dipoles of dipol~moment ~ iand are 
y 
t 

placed atorigirt ACircle of radius Rwith centre alorigrn;isdtaWhas shown 
I 

'jn figure: Lis14r gives coordinates ofcertahi'posifibns' on the circle: Match • 
.the statemehts inLisH with;thest~telnentslh! [Ist;;rr aNd' lndi~~te your 
answ~rby darkenin~~ ~~prd6tl~f~bubbl'~sinihe'4\(4,sril'iitft5cl~'i,,~'h'i~ th'e" ...~ --"X 

OMR. 
List-I 	 U$t-II 

I 
I 

t 

(P) 	 The cOordinate(s) of point on circle (1) (~, ~R) 
where potential is maximum· 

(Q) 	 The coordinate{ s) of point on circle where (2) (_ R2' ~ _ J3....R]
2

potential is zero 

( J3R R](R)' 	 The coordinafe(s) ofpoint on citclewhere (3) --2-'2 

. . .'.' 1 4p 
magnitude of electric field intensity is 4n:

E
o R3 . 

J3R 	 R)(S) 	 Thecoordinate{s) of poinJ on circle where (4).(- -2-'.-2 

magnitude of eleCtric field intensity is -4"R3~1 
. 	 n:Eo 

Codes: 

P Q R S 


(A) 	 1 4 3 4 
(8) 	 1 4 1. 3 
(C) 	 2 3 4 1 
(D) 	 3 4 2 3 


..;~-' 


SECTIQN-V 
Integer'value correct Type 

This section contains 10 questions.' The answer to 'each question is a integer type.· 

31. 	 The amplitude of the magnetic field part of a harmonic'electromagneticwave in vacuum-is 8 =510 nT.lfthe
0 

. . 	 N 
amplitude of the electric field part of the wave is X C . Find the value of 'X'? 

32. 	 2 kg ice at - 20 °c is mixed with 5 kg water at 20 °C . Then final amount of water (in kg) in the mixture will be: 
[Specific heat once =0.5 callgm °c, Specific heat of water =1 callgm °c, Latent heat of fusion of 
ice =80 callgm] 

',.. 

,1' 
' 
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. 33. .. Th~,w.9rk.donein increasing the size of asoa~filmfrom10cmx 6 crnto to-em x 11-cm:is 3x 1<r:'''J. If 


slJrfacet~nsion (in Nm-1) ,of the filrrfis Nx 1 0..,2. ThEm balculateN. 
,~ . . _.q... . -." '", , . 

, . . . . 

34. '.. Ap~rticleP is moving on 9 circlel:l.nderthe Cl9,ti9n ofpnIY-9I')e.forc,e, whichal'\'ia~a¢; towa~gs::a fixed point 

. 	 2· . . 

o Iyingonthecircumference; FinQ rati06f~;: to (:}1'<iifthembme~~W~~,..na:;;'45~.'(~!sce~tre ofcircle) 

r
'. 

(" 

or lV 

\ 

( 
35. 	 A fiber of length 10 km is illuminated with light from an light emitting diode (LED)wliich is turned on and off 

~ repeatedely for equalamounfoftime.. The speed of the pulses of light are 2.00 x 108 mls and 2.1 x1 08m/s 

I in fiber. Maximum frequencY ofLED so that P!Jls~arrivew.ithout overlapping is60X (KHz). Calculate X. 
\ 

( 36. 	 A particle starts from. point A'1'Jl9ves'along, a StraightJine path with an acceleratiQn ~iven by a =2 (4 - x) 
where x is distance from pointA ThepC:lrticle stops at point B for a moment. Find the distance AB (in m). (All 

( 
values are in S.1. units)" 

" 
( 

37. 	 A wedgeAof mass 1 kg is held at rest on the smooth incline plane of .inclination 60o from the horizontal 9yan 
stopper P. Abullet Bof mass 500 grams, travelling horizontally with 90 m/sstrikesthe wedge as sti6wn. e Assuming all the impacts are:perfac::tly inelastic arid duratioh ofimpaetis negligible~ Find1fievelocity in mI 
s with which the wedge moves up the incline just after collision. ( 

(". 

\. 

B 
(' 0---. 
\. 

P 

38. A cubical block of side 10Mcm is connected to a smooth and uniform disc of mas~ 20 gthrough an ideal 
. 	 .:. '. '., '',.

C , string as shown. The blockJs plac:ed on a thinliq~id !ayer:of thickness '0.2 mtn. If&nterof the disc move 

downward with constant speed of 2 cm/sec after the system isreleased. If coefficient of viscosity ofliquid is ( 

x
( 

1000 Pa-sec. then find x (Take g =10 m/s2)'-

( 

l 
\.. 

C ,.. 
Thin liquid layer r7777~mlZlm2Ua; 

Fixed surface 

c 
Disc 

(
'-.. 	 mg 

{ 

' 
tomorrow 

c 
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,39; ,In' a.carburator of an engine,airis drawn from atmosphere through section;Awithavel6City of i10' m/s:The 
narrow section B is connected·tosa petrol tank as shown. TheminirTlliinra,tio!oflarEra~6fJcr6ss;section A to 

'. '. '::area ofcross'sectiori; B,Sbthat the'petrol 'carl jusfentek'thecarf)lifatcir tlJ~el$ so @:.'6; :Tfie~!ilie'~al~e d(~ is: 
. .. '. .. .~~ . . 

.(densityof,petrOI.::;: 1,QO(tkg/1T,13"lq~I1Sity of.;:!ir,9,2kg/m3,g= ,10' m/s~i.atmosphe.riC,pr:essur~;::' 10'5 Pa and 
, , ',",' 	 _,.. .. ' ',,: - ~ ",-' ','1 .,' ',";':' ..•: .,'.\ - ",." •• ,"-.. : ,.' ' ,'.' " ,'" _'" .,., '," ~~.. " . ._". 

asSulTle density'ofair rempin c;onstant)" .' ..'",'. . , 	 . 

,. 
•.. 	 t· .'-' Air 
iIo 

A 

<' .. 

iIo" 

................ -_..........."''''' ..- ...........---_............ .. ................-_.."" ..............................-_................... . 

...,..~"!'.~~~.-':"'r~·~.~!"'':''~.;..~~...:~..-~-~~'!':'''!;''!',·+ 

Petr'Ortank' " 

40'. 	 Here shown a diagram whictlispart9fa m~tWorkil'lsteady state. He.re R= 10, PotentiaLdif(erence across 

~p;acUorC1 ,isV (;1= 2 VOJi;'~nd;R6te.l1ti~19iffe~l1c~acros~~pacitor C2 is VC2 =4 volLif currents in the 

resistance R1 and R2 are 11 andJ2respectively then find I . 	
)<. 	 . . ' . " 1 

,f 

-' 

;~ '-..-.. 
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Answers &Solutions 
SECTION-I (TOPIC WISE PROBLEMS) 

-------------------~----~~----------------~-
1. 	 UNIT& DIMENSION &ERRORANALYSIS 

( 

\. 


1.1 	 (8) 

(\.2 (8) 

2 2 2	 2
E2] = [EoE

2,]= [ energylvolume ]_,'[ener9Y(SPSed)2.j' _ [ML T- L T- ] , .'-4 


[ flo Eoflo (1/speed oflight)2 - volume - L2 =[MLT J 

( 

~ 

1.3 	 (C) 
( .. 

\. 
t 

( , 
The quantity a-1 is dimensionless i. e., 

I, 

( 
\. 	

[a]= [t] => [~2at ~ t2] = [t] 

or 	 [ Jze~~ t'] =H]= [mOLOTO J 


i.e., ax should also be dimensionless. 

f 

or 	 x =a" 
( 
'.. 1.4 (C) 

( 
[hc] =[hc] =[EA] =[Ml2T-2L] =[ML3T-2] 

\.. 	 ~' 

1:5 (A) 

( 
 U (x) =K Ixl3 

, 
[K] = [u} =[Mer2] =[ML-1T-2}'

[xf [L!]

E' 
' Now time period may depend on 
{ T oc {mass)X(amplitude)Y (K)'

'''" or [MOLar] =[M]X [LJY [ML-1T:-2]2: 

r 
\.. 	

=[MX+ Z LY-Z T -2z ] 

Equating the powers, we get 
(; -2z = 1 or z =-1/2" 

y- z = a or y =z = - 112 
f 
"-- Tee (amplitude)-112 

or Tex: (a) -112 
( 

1 

or
( 	 Tee fa 

t 1:6 (8) 

/
'( 

[Y] =[~] '= [, Capacitance, ] _ [M-t-2Q
2T2] 

. 	 Z2 (Magnetic inductionf -, M2Q-2T-2 · =[M-3L:-2Q4P]( 

;: 
i( 

('I..-. 
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1.7 	 (8) ~ 

ieo E2 is the expression of energy density (Energy per imitvoIUm~)~I-ieoE2] =[ML~;-21=[ML-1 T-2] 
", . 	 "" ,. ". 

1.8 	 (A)' 

,[az] 	 [k8J-''= [MOLorO]k8 . ,". => [a] = Z 

Further [P] = ~;] :. [Pl = [;] = [~:] 
ML2r2]' 


Dimensions of K 8 is that to energy. Hence, [P];:: .LML-1T-2 ,= [MOL2TD]
[ 

" 


1.9 	 (0) 

1.10 	 (C) 

, 0.5 

Zero error =5x 50 =0.05mm 


.;
0.5 

Actual measurement =2 x 0.5mm + 25 x 50 - 0.0.5 mm = 1 mm + 0.25 mm - 0.05, mm =1.20 mm. 

1.11 	 (C) 

1 q1q2 [q1 ]I:q21' . [ITf 

F = 41tEo' T => [Eo] = [F][r2] ;r [MLT-2][I}] = [M-1L-3pF] 


1 , , 1 1 

Speed of light c = ~EOj.!O [1-1 0] = [EOUC]2 = [M-1L-3T 412][LT-1]2 


1.12 	 (A) 

, 'weber 
( diJ "(a) 	 L ~ ~ or henry = ampere (b) e ~ - L dt

I 

e volt - second 
or henry L = - (di/dt) 	 ampere 

2U 	 ' joule 
(c) 	 'u =.! LF L= - - )2,., - (ampere '2 

(d) 	 U = .! LF;:: F'Rt 
2 

L =Rt or henry =ohm-second 

1.13 	 (D) 
Torque and energy have same dimensional formula but have different units. 

1.14 	 (D) 
Same physical quaJltities can be added or subtracted and same dimensional formula does not en~ure same 
physical quantities. 

1.15 	 (8) 
equivalent length of pendulum 

L:: 23.2 em + 1.32 em ;:: 24.5 em 


10.0 

time period T =10 ;:: 1,o~ sec (Three significant figures) 


L ' 24.5x1o-2m 

g ;::.4~ T2 =4 x 10 (10.0/10)2se<f ;:: 9.80 m/s

2 


,.
~esCJnanc::e· 	 :.Ed!lcathlg{or bettertomorrow... . 



inswers &Solutio~(Sectjon-I: Physics) ro lEE (Advanced) - RRB ~ 

1.16 (e) 

(,g 'J (g)
Since !, = 4n 2 T

2 
so, slope of curve L vis 12 is 4n2 . 

0.49 _g_ => .";',- - = 2 g = 9.8 rnls2.slope - 2 4n 

(,1.17 (0) 
!', :: 24.0cm 

() !,2:: 74.0 cm 

I, 
v:: 2fo (!'2 -!,,) =2(330} (0.740 - 0.240) =(2) (330) (0.500) =330m/sec. 

\, 

1.18 (D) 

V270 _ ~300 => Vo =V o~273 _~273v a.JT => --v-; - 273 o 27 300 - 330 300:: 314 m/sec. 
o 

(1.19 (e) 

( V 3V 

!', + e = 4fo !,2 + e = 4fo solve both equations and get e.= 1cm 


( 
\ 


5V 

for third resonance !,3 + e = 4fo get!'3 = 124cm 
l 

1.20 (8) 

( e =1 cm =0.3 d 1cm = 3.3 cm 
d = 0.3 

f 

" 1.21. (A) ~ (p),(q); (8) ~ (r). (s); (e) ~ (r). (s); (D) ~ (r). (s) 
r 
\. GMeMs 


(Al R 2 :: Force 
c e 

[GMeMs]= [ForceJ[Re2
)
{,I = MLT':2 L2 = ML3T-2 


Hence SHmit of GMeMs,wili be . .(kilogram) (meters)(sec-2) 


ie same as (volt} (coulomb} (metre) 


c 
(S) ~3~T =VR.M.8.

( 

( 
3RT]" . M = [V ]2 = L2T-2[ o R.M.S. 

c 
Hence SI unit will be (metre)2 (second}-2 ie same as (farad) (volt)2 (kg)-1 

( 
[F2] [q2y28 2]

(C) [q2S2] = [q2S2] = [V2J = L2T-2c 
Hence SI unit (metre)2 (second):"2 i.e. same as (farad) (volt)2 (kg)-'

(. 

GMe] = [Force][Re] = MLr2L = L2T-2( (D) [ Re' [Mass] M 

( 
'l. Hence SI unit will be (meter)",2 (second)-2. i~e. same as (farad) (volW (kg)-1 

... ,. 
, ,,; ;i',- ; .• ;;~:;'" ~_, 
'.' Vi'~'r.~-:,~-· 

r 
" {~esonance

!;Eour~tinit fnr hoff.o. ............. ,..........UI 
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1.22 	 14 

- , " 

l . 

S.N. Value of 9 Absolute error Li{(= Ig/- 9 I 
. 1 9.81 0.01 

2 9.80 ,0,00 

3 9.82 0.02 
4 9.79 0.01 

5 9.78 ".,0.-02 
6 9.84 0.04 
7 9.79 0:01 

8 9.78 0,02 

9 9.79 0.01 ! 

10 9.80 0.00 i 

9 mea• == 9.80 

2: 691 
~gm.an == -  . 

. 10 

0.14 
== =0.014 

10 I 


A9rnean 	 100' 0.014" .. ' ' .. 
pereentageerror= x = -- x 100 % = 0.14 % 

9mean 9.80 

1.23 	 50 

(AP) M M M(100) 

Duetoerrorin l P max = T+ 100-l = l{100-l) 


When l{100 -l) is maximum then (AP) will be minimum, that means l = 50 em 

P max . 


1.24 	 12 

Ax [Aa,'\,b,'\,e 1 MJ- = ± 	 2-+3-+-+-
X abe 2d 

Ax 	 .x x100= ± {2x2%+3 x 1%+3%+'Y:!x4%)=±{4%+3%+3% +2%)=±12% 

2. RECTILINEAR MOTION 

2.1 	 (C) 
.. 1---" 

Xl .~X2 ..~ X3 iii• 

I' 

Starting from rest x1 :;:: ~ a (10)2 .... (1} 	 \..j 

1 . 
+ x2 = 2 a(20)2 -	 .... (2}x1 

1 

x1 + ~ + X3 = 2 a(30f ..... (3) 


1 

From (2}-(1) ~ ="2 a (300) 


1
From (3)- (2) . X3 ="2a (500) =:> X1 : ~ : X3 : : 1 :3 : 5 Ans . 
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. :',- ,'. ':~, ';~: 	 .~- :'.;.4'~'::~":/ 

2.2 	 (A) 

s = {u+V)t 
2 

,,3mt 
3 = (vr +,ve) xO.5 

2 . 	 .. ' J :"c· ,l.-::.\;'" 

VT 	
;;) .~;; -. ,-' :::.+ Va =12 mls -'.. 

r-' 
\ ' 	 Also, Va = vT+(9.8) (0.5) .......... (2) 


Va-VI =4.9 m/s
o 
2.3 	 (C)' 

dv 
The retardation is given by dt =-av2 

t 
. 1 	 1 

integrating between proper limits => . Vfd.V'= fa dtor 
- 2 . .~= at-fu 


( V 0
u 

.,', , 	
-,'I( dt 1 	 u dt 

=> 	 - =at+ => dx =1+autdx u 

S . 't .'. 
1 .IdX _ Ju dt( integrating between proper limits => 	 S = - .en (1 + aut)o - 0 1+aut => . a 

,,~ 'r' 
t' 
" 2.4 	 (B) 

Let a be the retardation produced by resistive force. ta and td be the time of ascent and descent respectively. 
t' 
"- If the particle rises upto a height h 

\ 	 1 . 2 1f 

then h = - (g + a) ta and . h = - (g -a) tl2 . 	 2 . 

( 

( 	

!: "=: i::=:=V~~d=}=-:~ Ans. 

{
'- / 

2.5 (A) 
xA =Xa 

(:. . 	 . 1 
10.5 + 10t =2" aF a = tan45° = 1 

C 
t2 - 20t - 21 = 0 :C7-. 
t2-21 t+ t:"'21 = 0 C 
t(t-21)+1 (t-21)=0 


(,' => t = 21,-1
'Ie 

rejecting negative value 
L t = 21 sec. 

( 2.6 (O) 	
.~~ 

From triangle BeQ => BC=4 

From triangle BCA £ AC =J22+42 == 215(. 
:i':, 

( 
\- Ac= U1 t, Be = U2 t 	 I D:, ',.. 

.' . 

U1 AC. 2.Js .Js 
= BC = -:4 =J4u2t' 

"--

Ci 	 tomorrow 
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2.7 	 (D)! 
After;10 sec 

...:,
10 sec 	 .1 

" j. 

~'.
us:: 2 )( 10:: 20 

A~~~==='======~·=+~~B x = 112 Xr;t, ~AO~ :·f ,./,. 

=100 
:,..:,:,' 

, NowxA =(40t) 
.;? :"/.

'1 ~ 
xs= 100 + (ut) + 2 (2) t2 = 100 + 20 t + t2 

A will be ahead of B when 
Xs < xA 


=> 100 + 20 t + t2 < 40 t 

=> t2 - 20 t + 100 < 0 


t2 - 10t - 10 t + 100 < 0 

,t(t -10)-1'0 (t - 10) < 0 

.\' 


(t - 10)2 < 0 

which is not possible ,'. 


2.8 	 (8) 
Fromgiven graphs: 3:x is +ve & C\ is -ve, as Vx is increasing in +ve direction and Vy in -ye direction. !Checked 
from slope) , ,'; . . 

2.9 	 CA) 
~istance travelled from time 't-1' sec to 'r sec.is: 

S = u + 
, 

a 
2 

(2t...,. 1) ..................(1) 

from given condition S = t ............. (2) c: 
a a' 

(1) & (2) => t = u + 2 (2t..., 1) => u = 2< + t(1 - a). ( , 

Since u a'nd a are arbitrary constants, and 'they must'beconstaniforevery:thne. 

=> coefficient of t must be equal to zero. ' " ',:" 


=> 	 1 - a = 0 => a = 1 for a =l.u = ~ unit . 

Initial speed is ~ unit. Ans. 
". '; .:~ 

.c-·,_'2.10 	 (8) 
Height of the building 

H =h1 + h2 


1 1 

- gt2 + ut - - gt2 ,:--.;: = 	 h1,2 2 

u=20mls 
= 	 ut =60 m.- + 

2.11' 	 CA) 
I'~' 

v 
A • 	 A A,dr," ...,' _ dvr =(t2-4t+6}i+f2 j; v= dt'=(2t--4)i+2t j. a =(it =2i +2j G 

'j L.ifaand.vare perpendicular 

a.v =0 => (2 i + 2]). «2t - 4) i + 2t J) = 0 


t =1 sec. Ans. 


..-...,,,._,..... ,,', . , ":,;\:,:;~';! ',':"':';: ,::'t~~".'".
=> 

R~$(jnanc:e"'" 
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;",.12 (A) 
Att= 0 
d .<, '.' d~x 

,.' 	 d~ = 0 fO~ particles 1,2 and3 and dt21 > 0 for t > 0 

~ 	 '.' , ~~. . 

and dt = - 3.4 mls for particle 4 and de is negative for t > 0 

. I~I." ' 	 Therefore for t > 0 :, dtl is increasing in all. 

r113 (BcD) 

( . IDisplacementl :::; Distance: 

\ 	 ,' 

. . . . (. A(distanCe}) ~ .. ,' '. ' . ' 
So, average speed of a particle In a given time Le. " .' ,At ,IS ne~er le~~ than magnitude of average 

.( 

'. 	
velocity (tel: (diSPlacement)l)t 

(-	 'It is possible to have a situa~ion in which I~ '# 0 (Le.,lacceleratiol1l ,'#0) but d~f '=0 (i.e;, :t (speed) , 

= 0 ). A particle moving in a circle with constant speed follow the upper sJatement. " \. 
f 

A partcile revolving in a circle has zero average velocity every time it reaches the starting point. 

" 
\. 2..14 	 (AC) 

2.15 (ACD) 

dx ' dx
( \) =.JX => dt =.JX => 17'2 = dt => 2£ = t + C 
x 
( . 	 but given at t = 0 ; x= 4=> c =;~
" 

(t +4)2 '. (6)2 36 
( 	 x= =>x=--=-=9m [Putting t :;: 2 sec.] 

4 4 4 

( dv ' 1 .1 
a =v- =£)( r:::;: -:- m/s2

dx x 2vx 2 
L 
. 2.16 	 {ACD} 


Slope of displacement-time curve gives veloCity. 

(A) During OA slope is +ve but decreasing hence velocity Is positive andaccele(,?tion is, negative. 
(C) During BC slope is - v.e,and going to zero hel1ceverocityis";..;vebut aceel~r~(iariis:rve;: ' '"

{ 

/ 

(D) During DE slope is +ve and increasing hence vel. is +ve and "Increasing :. +ve'acceIEkation 

(2.17 (ACD) 
distance left ( '. time .'. 

.~~.. - . - . 

t; () -+ 'xo 
~ 

{ t =T -+ xJ2'L. 
t= 21 -+ X0'22 

( 
t =nT -+ ~ =~ = x (2)-tIr =x (2)~t (.: T = 1s)

(2)" {2}tfT 0 0 	 . c , :. distance travelled in time t :;: x = Xo - Xo (2);t = .J!:o (1 - 2-t) 
. dx ,x in2 . .... ,.., . "'. . ,'.. ,,:<. 
V = "dt = xo2-t )( in (2) = T (:. slope of x-t curve i~ positive and, decreasing with time) 

dv 
( a = - = - X 2-1 )( {in2)2 
';., 

dt 0 

I:EducatingfOr better tomorrow 

lal = xo2-t. )( {in2)2 

'HE!S;COnanc:e 	 ';;: : , 
.::~'l'''~ .• 
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2.18 	 (AB) 

dv 
(i) 	 V- .::-:~V· . (ij). a=-~V'. dx '. 

;.;'. 

(Iv 
dv=-~dx 	 d't=-: ~V 

:. -,,' 

o x 	 v t 

IdVfdV =... ~IdX 	 li;:'" ~ Jdt v .' 0Vo 0 	 V!I . 

tn(· V).~ ~~t-vo=-~x 	 . V" .... o . 
Vo . '.' .. : ...... . .. 

. x = ft [when V:;.: O,accelaration =O. . 

so x:is·totaldirection . 
V =. Ve-ilt. 0 . 

v~/,~···,·c . at 14ooV=O. 

A&B are eorrectansWer 

2.19 	 (O) 

displacement 	 distance 
Average velOCity =' T·' . •'and average speed = ti' => IDisplacement I s Distance. .... Ime 	 .me 

2.20 .(O) 

dv 
a=·-· 

'.' 

=>. .If a=O => . ···dt. 

2.21(Af 	
<, " 

2.22; 	 (B) ..... 
':. <:. 

2.23 	 (B) 
(2.21 to 2.23) . ";J 

a = sin1rt. 

' .. ; .•.. ·Jd\I.~·T2Si~.~tdt_~.;';'f~~orv:=,~.• !.·co~1rt.+·d· 
2 

at t= 0 v=O .:. c= .2 or.... 1t v =.1t (1-c~lft) ... 

Note : 	 velocity is always non-negative as cos as l' hence particle alwc\lys niov~s~i&ng positive x-direction 
:.' Distance fromtiine t = 0 to t is . 

.']t. t 2 . ·2 1.. 2,2 ... ' '.' .. 
S == 17(1-COS1t-t)dt=-(t--srn1tt .=;-:-,t--rsm.~t '.' 

.;1t . 1t. 1t. '0 1t '.1t' ...... . o 	 . 

. ..... . 2t2'" 
also displacement from time t = 0 to t = - -2"' sin1rt .... . . '. . .1t 1t 

.' .. . - ." . '-. 

. : .' .... . .'. 2 .. '.' 

Distance from time t = 0 to t = l' S = - meters
.' 	1t' 

~esonanc:e. 
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\ .2.24 

" 

( 

() 

2.25 

I 

" 
I 

" 

2.26 
" 

( 

( 

\. 


f 

" 
\ 
f 
.. 2.27 

, 
'( 

( 2.28 
\. 

( 
\, 

( 

( 

C 

t 
( 

t 
'

I 

(D) 

a =slepe 'Of v-t curve se 


V 

(mIs) 


6.····· ... :........~.. . 

''''~() 

4 I ... :"" .Iope-O ~ 
ge "-....-.· 

;p : 

or 10' . ; 

, 

~ 
• 

,"50'. 20: 30 ' t (s)

: 

n 

: ' : 

,.: 51~-"':: 4 

-4 :. ......~ ..m.~.. .... ................. .... w ~.... : 
~ w ......w•• 	 ...... 

a8:i 	
: . .....'".... ...:.. 

~ ~ ,-: A 

(m/s') 

4 . 
10 	 : :--:~ 

t 	 ~t 

-1~ I 
y 

(B) 


AB =Slepe increasing. BC =Slepe constant, CD =Slepe increasing 


DE = Slepe decreasi~9, EF = Slepe increasing 


AI-"" 	 ,I
F = Slepe is 0 

(A) 	 V 

.(m/sec.)
Pesitive increase in,area of v-t curve shews pesitive 

af···· .. ···· .. ~,
•" : 

: 60: 80 
~ 

increase in displacement Se displacement is 

increasing till t = 50 s. 	 4~ .. " ,..---..f' 
;: 

_0; 40: '- VU - V t1 I . •:. max displacement = pesitive v-t area. r.10 ,20 . 30 .' 5~"W (sec.)··l.. ·' .. ··~··.. ··· .. ·:·~:~ 
.x=O ~a=200 ' 

'(A)~ r,t (B)~ r,t (C)~ p.q,r (D)~p,q.r 

In case A and B acceleratien is censtant but speed first deqr!=ase.s. and~hen increases. 

In. case C and D. the slepe dees net change sign hence dlre·ctiorh9faccelerationis!censtant. Speed 

and magnitude of acceleratien decreases with time. .' ." , 


'. 
'(A)~p, q (B)~p, q (C)~p, r .(P)~r. t 
(A) 	 v = 6t + 2 mls v (t = 1)'~ S'm/s 

a = 6 m/s2 
,', 

v>O 
(B) 	 v (t = 1) = 8 mls 


a =8m/s2 


\1>0 

(C) 	 a is variable and +ve 

v = fadt= 8t2, v(t:: 1s) =8 mls 

(D) 	 vet =1s) =3 mls 

a = 6 -: 6t, variable 


v < 0 for t> 2 s. 


I'" . 

(, 
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2.29 	 4 

train 


5 min crossing
~ 
~~VC 30 min 

t = 10km _ 1 

cycle . 20kmh-1 ~ 2" h = 30 min 


At = 5 min =~ 60 hr 


Train running as pershedule 


10 10x60 

So Vtra1n = (5/60) = -5- = 120kmh-1 


3. 	 PROJECTILE MOTION 

3.1 	 (C) 

Using equation of trajectory 


2gx
Ans.-h = x tan (0°) - 2(29h)(cos2 00) ~ X = 2h h1"",,,~Sh' x) 

Method II 


time of flight T =.~ 


horizontal distance covered during time of flight is x = U t = 'J3! x ~2hg = 2h . ' 
x 

3.2 	 (0) 
Ranges for complementary angles are same 


... . 1t 5ic1a1t 

:. Required angle ="2 - 36 =, '3Ef',!Ans. " -; 


3.3 	 (0) 

Use (l::i 13 =45° in the formula for Range down the incliriep'la'ne. 


·3.4 (D) 
. 2u 

Time of flight T = -t 
2 x 20sin37° ~ 3 12 

T = = 4 x - = sec10 5 5 . 

12 

Range R = U x T = "5 x (20 cos 37° + 10) 
x 

12 4 	 12 
R = 5 	 x (20 x 5" + 10) = 26 x "5 =62.4 m 



-----
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3.5 (C) 
Use the given data in the formulae for projection up the inclined plane. 


, Let tile Inclination of the inclined plane =~ 

u cos a =10 ..... : ... (1) 


.... 

2u'sirmY 


Time of flight gcos~ - .......... (2)
. -2 
, ~9COSflQ.s~ 9 
~ 

u2 sin2 a ' 

maximum height 'gcos~ =5 ............. (3) 


C) u sin a = 5 
,. , "' <••~ ';' 1 

u = 5../5 

3.6 (0) 
Path will not be straight line but parabolic henCe neither stonewill hit any person. Condition of collision will 

depend upon direction as well as magnitude ofvelocities of projection which are not given. 

( 

( 

" 
/' 

\ 

r 
\ 

3.7 (B) 
It can be observed from figure that P and Q shall collide if the initial compO:-: 
nent of velocity of P on inclined plane i.e along incline. un =0 that is 
particle is projected perpendicular to incline." ' 

2u.L ~ 
Time offlightT = gcose = gcose 

, "~'p ,;"uL 

/" .. ' "/A:'u
..;~. Q a"=gcos9 " , 

••,~ ~I...• u=o ...... 
'. ..... an=gsin9 

..•••~=gsine 

u= gTcosO = 10 mls. 
..
"'. ' 

'\'''~~ 

( 3.8 
(C) 9-1 =2 
tane = 4-0 Where e is the angle of projection 

'" -1(4,9)r 
\ Displacement in y..cJirection Sy =uy t + ~ ay t2 '" B ",'" ,. 
\ 

c now, -1:: usine (1)- ~g (1)2 

2c u~ine = 4 and from triangle si~ e =../5 => .,u=:: 2../5 mls 

fig. (A), 


( 
Displacementin X..cJire~tion,s: =U t + '~ ax t2 x 

( 1 , 

now, x = u cosO (1) =(2../5) ~ ../5'=2m 


C 
3.9 (B) 

(
\., Two second before maximum height Vy = g )( 2 =20m/s 

, , 

( 
, , v =20 

C 53° ,,' ~ 
( v. 

20 
tan53° =-,-, ',v =·15m/sc , , " 'vx . x " 

if velocity at maximum height v = Vx =15 mls 
\., 

'" 
",1' 

~e$OnanCe :-' : 
Educating for better tomorr_ , -,~, ,• : 

l 
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3.10 	 (C) 
ForBto C 


H= -: 
1 

g (2t)2 = 2gt2 .......,...:..(1') ,

,2· 

'"<"""" ]h~~~...JIL_ I, 

hi = ~ 1 
g t2 	 ............. (2)


2 

1
h =H-hio h=H- gt2 ............. (3) 
=> , 2 ' 

By (1) & (2) 

h = H _!:! = 3H 
4 4 

3.11 	 (A) 
t", 

velocity component U = 400/3 i, u = 100 Jx y 

Applying equation is y dJq~Rti.()I1;. 

, 	 l' ":" t2 ' " "", : ' 
-1500=-100t-- x'10t2 => - +10t-150=0" , 2 2 ';: 

-20±40 
t= => So t = 10 sec

2 	 . i/O 

. 	 500 4 4000 
Le. horizontal distance U x t =3 x 5 x 10= -3- m.x 

3.12 	 (B) 
For minimum number ofjumps, range must be maximum. 

u2 J10 2 ,',;, 


maximum range == ( ._ ) = 1 meter. 
g, 

Total distance to be covered = 10 meter 

So minimum number of-jumps = 10 


3.13 	 (D) 
Y= bx2 


2'2', '" ' 2i ' 

dy . dx d Y =2b (dX) + 2b~ d x (ft' = 2bx. dt => 	 a =2bv2 + 0 => v=~dt dt dt2, 

3.14 	 (0) 
Applying equation of motion perpendicular to the inclinefory =0. 

, 1 2V sin(8 - 0.) 

Y=uy t + "2 at => t =a& g9o.~a.:,: 


=> 	 a= V sin (8-)t + ~ (-- g COSo.) t2 
, 

At the moment of striking the plane, as velocity 

is perpendicular to the inclined plane hence component 

of velocity along incline must be,zero. 


2Vsin(8 -- 0.) 
Vx=ux+axt =>0 = V cos (8 - 0.) + ( - g ,Sinal. ' gcasa => v cos (8 - 0.) = tana. 2V sin (9 -- 0.) 

=> 	 cot (8 -- 0.) =2 tana 

:Ii 
~,~esonance---".......,,-~~,...,...-~~~~~~......,,--:------:-~......-'---,-_..,........---,_~:. '. 

ItEdlJcatln!l for better tomorrow 	 , ':g:;;:c:,• 

( 

( 

\ 

\ 

( 
\, .. 

v'" 

-

(

"-,,' 
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3.15 (ABCD) .' 
0= tJ'- 9 sin e.t gsina,A( , 

••••./ ...9 "'gCOsD
2usinS 2.(10)sin30° u " 

(a) t= = = 1 sec. Lie109 

2.10..[i../3
(b) t= :: 3 sec.

10.2 

" u 10../3
(c) t is less thimtime offlightt = gSinS= 10(../3/2) :: 2 sec. 

10 
u 

(d) t= -- - But it's time of flight is 1 sec. gsine - 10.-'- = 2 sec. 
2 

3.16 (ABC) 
(A) Total displacement is zero hence its average velocity is zero. 
(B) Displacement is zero.., ,.." 
(C) Total distance travelled is 2s and total time taken is 21. 

( < speed> = total distance travelled 
total time taken V=O-'. 

02 =u2 
- 2gs 

2u
s,tS = =:> 2s =u2/g2g 

v1=U\ 
/' 

also 0 =u - 9 t =:> t= u/g 
"'!''f?'~;;;''-'i7",~.", 

2u 

2t = g 


f' 

, 
\ 
"-

U
2 /2U u 

\.. <speed> =9 9 = '2 

( 3.17 (ABC) 
On the curve 

C y =X2 

1C at x:: 112 =:> Y = 4 

( 

Hence the coordinate (~,:)( 

Differentiating y =x2 


=:> Vy =2xvx 


\.,
f 

2( ;)<4) = 4mlsVy = 

Which satisfies the line 

( 4x - 4y - 1 = (} (tangent to, the curv.e) 
&magnitude of velocity: 

c 
1v1= Jvi +v; =4..[2 mls 

As the Hne 4x - 4y = 1 does not pass through the origin, therefore (0) is not correct. . . 

c. -i~e.sonar1Ce :.,_'E~.lJCatihg for better tomorrow . ,;: .,' \. 

'":, 
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) 

3.18 	 (D) 
Let Ux and u y be horizontal and vertical components ofvelocity respectively at t = O. Then, 

v = U'- gty y 	 . 

Hence, Vy - tgraph is straight line. 

x=vt


·X 

Hence, x - t graph is straight line passing through origin. 

The relation between y and t is y = uy t - Y2 gt2 

Hence y-t graph is parabolic. 


Vx = constant 

Hence, vx-t graph is a straightline~ 


3.19 	 (D) 
[ here T j & T2 are times of flight in the two cases respectively 1 

2u2 sinacos{&,+ 8)' 	 u2 sin2 a. 
R 
1- gcos2 e and hj = 2gcosp 

2u2 sinacos(a 8) 	 u 2 sin2 a
R = --~--~~--~ 	 hence h = h" 

2 gcos2 e and h2 = 2gco,sP. 1 . 2 


R2 - R1 = 9 sin e T / 


2
R2 - R1 =9 sin e T j 

3.20 	 (C) 

, . ~2H ~2X80
Total time taken by the ball to reach at bottom = 9 = 10 = 4 sec. 

Let time taken in one collision is t 

Then t x 10 = 7 

t::: 0,7 sec. 


No. of collisions =~o = 5% (5th collisions from wall B) 


Horizontal distance travelled in between 2 successive collisions = 7 m 


Horizontal distance travelled in 5/7 part of collisions = % x 7 = 5 m 

Distance from A is 2 m. Ans. 

3.21 	 (D) 
Both the stones cannot meet (collide) because their horizontal component of velocities are different. 
Hence statement I is false. 

. .,....'..3.22 	 (B) 

If particle moves with constant acceleration a, then change in velocity in every one second is numerically 

equal to' a by definition. Hence statement-2 is true and correct explanation of statement-1. 

3.23 (B) y 
The question can be reframed as shown in figure. 'u=20m/s. ............ . 
The path of particle is parabOlic.. . . 
:. aL v at maximum height, thatis at half time offlight ,..x 

usin9 20 x 3/5 . a=10m/5' . 
Hence to =--a-- = 10' =1.2 sec. 

3.24 	 (8) 
Speed is least at maximum height, that is at instant to =1.2 sec. 

3.25 (C) 


~. '.. ' .. acceleration and displacement are mutually perpendicular at instant 2to = 2.4 sec. 


1IIII;~esonance 	 ..' .' .. ' .. ' . . . . .' ..' . • 
""Ed~cating tor better tomorrow .' . 	 '. .... ,.;-.i',,, 'c. 
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3.26 . (A) r (9) p (C) s (D) q 

(A) 

\. 
( 

. (8) 

(j 

c' 

( 

( 

( 

(C) 

, 
" R = 
( 

( 

(' 

C 
(D) 

c 
( 

( 

C 

C 

= 2usin300 _ 2 
t . 	 

goos30· ,1{~J 

1 
10 cos 30° t -"2 9 sin 30° 12 

• ~ •• * .. ~ .. 

3.27 (A) P. q. r 

T= 

R = 

2
R = u sin20 100../3 == 5J3m 

2(10) ".9 · .(\?J{f. •• ~' 
Q. s~ 

,.:k~.':.J" 9 00030"A 
c., 

"v"',,,, ~...__~ • '_'." .,. 

11.25= -10sin 60° t + i (10) t2 => 512 - 5:13 t:-11.25 =0 

t = 5../3 ±~25(3)+ 4(5)(11.25) = s.J3 ±../3(1 0) =~513=~../3 
10..' 10 10 2 

R = (10 cos 60) (%.J3) =7.5../3 m 

2(10)(i) , '. 

2(10) 2(10) 4 
= =-sec 

gcos30 (../3)../3 .10 
2 

11 - gsinSOOt2 = - (10)
2 2 

(9) p (C) q, t (D) r, S 

. 

2 
--F3 sec. 

.10../3 ( 2) 1 t 1)4 10 20 
= -2-,../3 -"2(10\23 = 10 -3 = 3 m 

(1) 16 40 - - =-m
2 . 3 3 

u2 sin28 
Range of the ball in absence of the wall = 9 

t 	 When d < 20 m, ball will hit the wall. when, d = 25 m,ball will fall 5m short of thewcill. 
When d < 20 m, the ball will hit the gtdiJj;d , at a distance, x=20 m - d in frqntof thewall. 

"t 
/ ~'''-'''''.. . 	 "1 . .;. 
~ ..~ rResonance 	 ....':; :. 

"'''.:Educatlnsfor better·tomorrow ..' 	 .~."
L 	 ;.., 

c 

http:4(5)(11.25
http:t:-11.25
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3.28 3 
(a) Taking motion in vertical direction 


u = 0,9 = 10 m/s2, h =45 m 

h = ut + % gt2 


=> h =0+ % 9t2 

=> t = ~~h = ~2~~5 
=> t = 3 sec. 

3.29 25 
Let t be the time after which proJectile reaches the ground. Taking motion in horIzontal directiolT 

400 = (vo cos 37") t 
400 =Vo (4/5)t . 

=> Vo t = 500 . . ... (1) 

Taking motion in vertic~1 direction 


h= ut + % gt2 ' 


=> 100 =(- Vo sin 37°)t + % (10) t2 vosin37° 

Vo 

3 
=> 100 = - - ( v0 t) + 5 t2 

5

Putting vot =500 from equation (1) ; 

3 
=> 100 =.--(500) + 5 t2 

5 
20 


=> 5t2 =400 => t = J5sec 


J5
From eqn (1) ; v =500 x 

o 20 

vo= 25J5 m/s 

4. RELATIVE MOTION 

4.1 (e) 
Relative to the person in the train, • component of acceleration of the stone is 'g' downward and, a 

(acceleration of train) backwards. 

1 1 
x = -

2 
at2 Y =- gt2 => ; =~ => y = ~ x => straight line'. 

2 

4.2 (A) 
VRlG(x) = 0 , VR1G(y) = 10 m/s 

Let, velocity of man = v 


12 cm ,'
5,/ 16 4 
<0 " tan e= - =, 
..-- " 12 3[7

I 
100m 

tt:len, vR/man =v (opposite to man) 
For the required condition: 

VR/M(Y) 10, 4, " 10 x 3 ' 
tan e= = = - => V = -- = 7.5 Ans. 

VR/M(X) v 3 4' . " .' 

.~esonanc:e '.m~'Educating for better tomorrow. "..."'?j;\. 
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4.3 (A) 
V = 'at=2t 

Velocity of car at t = 3 . v1 =6 mls 


at t = 4 .=: 8 mls
v2 , 	 , 

Car move~ 7m (= 6;8 Xl) in Li:~ooci~;o.ijon wb~re first coin willhit hteground:=~ X2x3'x6x1 x =15 

. ( 	 6+8) . . 1C, Car moves 7m =-2-x1 in u+e na Postian where second will hit hte ground JS=2' x2x42X8x1 x =24 

n => X2 -X1 =9m 

(
\ 

. 4.4 (C) 

Vm,9 = Vrn,r + Vr,9 

Let the swimner tryer to & wim at an after IX: from perpendicular to riwer flow direction. 

( 


As resulting velocity Vm,g is at 45° with rive.r flow 


v"" ~Jz:."'... v.....( 	 LxIi.e. Vr•g - Vm,r sina. = Vm•r cOsa. ........... (1) 	 5 • 

. I 

( 60m V,...=Sm/s 

\ and ........... (2) 
VmrCOsa. ::: 6 sec. 

( Solving (1) & (2) 

Vm.,=5.J5 m/s 

4.5 (D)
( Relative to balloon =5 mls 


f =+1 Q-.(-5) m/s2 =15 


" :. v = u + at = 5 + 15 x 2 = 35 mls 


( relative velocity aftert =2 second is 35 mls 

" 


4.6 (C)
f 	 A 
\ .. Let the stones be projected at t:=O sec with \3 sp~ed u frortl pOirit O. Then an ".. 


observer ,at rest at t= 0 and having constant acceleration equal to ac~1eratiori due Sm 


to gravity, shall observe the three stones move with constartve!q~itY,~~ shown. . ,0", 5m·s 

In the given time each ball shall travel a distance 5 metre as seen by this obs~l'Ver. 
 5mc 	 ~ 
Hence the required distance between A and B ~ill be::·Jfj2:~52. ::: 5f2 metre " C c 

4.7 (A)' 	 .'..' , .. ~. 

( 	 The horizontal and vertical components of initial ve.!ocity of projedn~ areJ8sshown irl figure. Since the 

observer moving with uniform velocity v sees the projectile moving in straight line 


/ 

\.. . 	 Hence v =u cose 

c 	 usinG ,uf~·inai... " 

c 	 AFOC~S9 A 

9 9 

velocity of A and B given veloCity of AgiVen 

from frame of ground from frame';of S' .
( 

The time of flight as measured by observer B is T c 	 .'Hence horizontal range of projectile on ground is 
{
\.. 

R=(u cose)T =vT 

-."~'"L 	 ~ 

f
\c,. 

http:Vm.,=5.J5
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4.8 (8) 
Without wind A reaches to C and with wind it re~ches to 0 in same tinie so wind must defle.ct from C to 
o so wind blow in. the direction of CO 


VAG =YAW + VWG 
-	 ,'.
:::) 

- ..... 
VAG t =VAWt+ Vwd.t v..; AV~','~ 4~'D)lC . 


AC = VAWt 


Co = VWG t 


, . ;~,: . .::..4.9 	 (8) 

2usine 2vo 
With respect to lift initial speed = Vo T = 9 = -g

acc = - 2g 

displacement =0 

1 ..1 
:. S =, ut + 2 at2 :::) 0= vo-r - -x 2gx T'2 

, 2 

4.10 (C) 

r 	 u 

1 
c 

V =velocity of man w.r.t . river 

u = velocity of river 


t d d . 
A--.+B = -:::) 10 = - =?d = 10V 

v v 

t d d 
B--.+C = vcosa =? 15 = \tcosa =?'d :'15 vcos e 

(1) & (2) =? cosa = 2/3. =? sec a:: 3/2 

:,..:...tana= ~ 
v .Jsec2 a-1 v 

U 

u V~
=? V = ~9/4-1 15 => -:;:'5=2. u "10 

4.11 (C) 

240 	 . 

. Vo . '1' 2vo1 
. T'=-=-x-=-T 
.. 9 2 9 2 

~(1) 

~(2) 

. 
No. of taxi = 10 = 24 but when 24th start motion it reach the destination so it will meet 23 only. 

4.12 (A) 

2!t a 

I2vsin'2de 


'2 .a 
vrel = VSIn 2' ; <vrel > = 
o 

21 
4v 

7t 
da 

o 

'-,:;-r::,.:;:!:'-""'" 

http:defle.ct
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,-4.13 (B) 
\ 

Let velocity of"the aer()pl~ne b~ vI>, = ucOs30o i + u sin3001 and velQt;itY,QUhe wind ,bev, then, 

13 t: (u 5t2)~ tkA 'Ci ,,' At 'A'UT 1+ 2' - J+V = 400v3i+SOj+200k 

(-' 13 u' 	 u 
\ => uTt = 40oJa"1" t '""7, 5t2 ;:80,vt,::;: 200 ::::>ut=800 and 2t-:- 5t2 = SO 

(; => 400 - 5t2= 80 => t2 = 64 => t = 8 sec. 

(,,~.14 	 '{AB) , , "~,-', 
J 

" 	 AB =BC =4.00 m= 0.4 km, ' 

Vx =5 cos e+ 1
c 
Vy = 5 sin e 

AB BC 	 B, C. Lx
time taken (t) = V; = Vx 1km1hr 


( 
\ - ~ /5km/hr 


=> vy =v => 5 sin a= 5(;os e+ 1 

(' x 	 :& 
\. => a=53° , 	 A 

0.4( and = 5sin{530 ) =0.1 hr = 6 min. 

( 4:15 (AD) 
He can only reach the opposi!e point if he can cancel up the velocity of river by his component ofyelocity. ( 

4.16 (CD) 

Vrg == Vrm + Vmg 
( ~. ~ 

Vrm Vrg -Vmg 
( 

\. 	

Ll~,'- V cos 45° = V cos45°rm rg 
I nitlal Final 

Vrm =,2.fi mls = Vrg( 

Vrm cos45° = Vmg - Vrg cos45° 
 -Vmg( 

( 	
" " " " /450 :45°'

\. Vmg =2..[2 ~, + 2.fi ~ =4 mls " vrm,,' 
' 

• 


" " ,,' ' 
( using v2=u2+ 2asJor the motion of man, 	 '1$.' ~'-.",:- -:-'-:-.;;:.~''''7".,,-.,~-

(: 
s = 16 m. 


:"i 


4.17, ,(AD) 

While both the stones are in flight, a1 = g and a2 =g 

So are, = 0 ::::> Vrel =constant
( 
=> xrel ={const)t , " 
=> Curve of xrel vIs t will be straight line'. 
AftertJle firstparticle drops on ground, the seperation 

( (xrel) will decrease parabolically (due to gravitational acceleration), 
'and finally beconies zero. 

,,-, and Vrel = slope of xrel w.r.r time
r 	

\. :' 

c '\ 

V"I~", 
( 	 LLt 

SO~~t 
(' 

\..." \' 
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4.18 	 (A) 
IfC0mpon~ntof velotitiesbf boatrel,ativeto'riveris'same 
normal to river flow (as shown in figure) both boats reach 
other bank simultaneously. 

80at2 ~v ' 

:~river 

4.19 	 (A) 

Acceleration of each onheprojectile:~g '.' Relative a6celeration~r = 9-g:::: 0, 

4.20 	 (A), . 
Statement·1 is.True, Staternent-2 iSTrue;Statement-2 is a correct explanation for: StateJrlenl:1" 
In air their relative acceleration is zero. Hence they can, t approch the vertical distance between. 

i ' 

4.21 	 (C) 

; d 'd 	 t1 d/vd·t =-=-	 =[1v'v-"' J=g.
1 vsw V t:z= ~V2_U2 .. t2 = dl~v2 _u2 

4.22 	 (A) 

d d t; \ . 
t' 
1 
=-

V t:z' =v -t'2 =1. 

4.23 	 (8)' 

d 	 d so, T2 = ~V2 _u
2 

= ~v+u = 1+u/v 
T = ~ 2 	 2 and T2 = (v -u)1 v-u 	 T1 V U v-u ' 1-u/v 

4.24 	 (0) 

4.25 	 (A) 
\.. 

4.26 	 (8) 
-'of

Solution. (4.24 to 4.26) -VM 


" " 

In the first case: " '.-.
From the figure it is clear that "." 

\. 


V is 10 mis downwards and "'-. ,
"...... 
RM 	

' ". 
V is 10 m/s towards right. 	 ft· -'of 

M .1. ~VM 
" 

In (the second case : 


VeloCity of rain as observed by man becomes .J3 times in magnitude.. ' 

:. New velocity of rain 


VR,= VR'M + VM 

:. The angle rain makes with vertical IS 


10 

ore'= 300 

tane = 10.[3 

:. Change in angle of rain =45 - 30 =15°. 

t~VM 

M~";~~"'~~~.~ 
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-1-.27 (A) s (B) P (C) r (0) q 

". 

u=(+ 9) 

16-6 

The initialvelocity of A relative to B is uAB =uA -UB = (81- 8j)'m/s . /; uAS·=8.J2mls: . 

Acceleration ofA relative, to B is 

aAB= aA - aB =(-2 i + 2 ] ) m/s2 :. aAB =2.J2 rrys2, 

since B observes initial velocity and constant acceleration ofA in opposite directions, I-!.ence B observes 
A moving along a straight line. . 

( . From frame ofB 
\ 

. h 0 . t UAB 4Hence time w en v AB =, IS. = aAB - sec.!'i 
'".1 . ~ .......~ ,"'.. ~ ~ 


2
u

(' The distance between A & B when vA8 =0 is S = 2;B = 16.J2 m 


. , " .· ..AB, 

The time when both are at same position is .., .' 


2UAB 
T= --= 8 sec. 


aAB 


" . Magnitudeofrelativevefocity when they are at same positionisuAB :;:: .•. aV2m/s.'
\, 


(,4.28 (A) r, {Bl t; (C) p, s; (O)p 


5 1 10 1 

( tan + =20 = "4 tan+=20 ="2 


211 %j1 
t' 4
\. 2 

( dmin = .J425sinu=.J425sin(+'"-9) 

(' = s.J17[sin + C()S9 - cos + sin9] " 
\.." =5.J17[~ x ~ - _1 x _1_] = Js (2} =2.J5 

.J5 .J17.J5.Jfi 5 . " . 

(
' , .J425cosu . 5.J17[ 2 4' 1 1]

,J t = .J500 = 10.J5 .J5 x .J17 +.J5x.Jfi 

t = -.1[8 + 1] = ~sec 
10' 10( 

v1 =(81 +6j)-{11t)] 

v
( 


2 = (-t21 +161>-(11t)] 


v1 =81 +(6-11t)] 

v2 = -12i+{16 -11t)] 

\';1'\';2 =-96 + 96 .,....66t-176 t + 121 t2 

0=-242 t+ 12Hz= 0 


242 
t =0 and t = - =2

121 
{ 

"

C· 

c 
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1:;4.29 	 5 
Let veloctty of bodies be v1 and v2•. '-? '. 


in first case 

U1 =-V1 + v2 .... (i) 

in second case 

u:z= V1 -"V2 .... (i) 


_ U1 +u2 	 Uand v 	= U1 - 2.. v1 -	 -2- ;.2 -2-" 

16. 	 3 
Here u1 = 10 mls and u2 = '5 

. 11 " 1 

After solving we have v1 = 10 ri1Isand v2 = '2 m/s. 


4.30 	 1 
Let V w= U &Vsw = v 
Time taken by swimmer to goJrom:M to 0 and 0 to B = time taken by f1oaNo reach B from M 

V=u 
i ~ 


Bridge <E-l! 
• .! 

A ~V.= v E!J M •o 
v-u

--1 kml-~."'I.I--- 2 ---toi 

v-U
1 1+--. 1 1 2+v-u 1 v+u+2+v-u 1 _ + 2 = -+ ==> 	 => =>2 v+.u u 2 2(v +u) U 2(v+u) U 

=> (2v+2)u = 2(v +u) 

=> 2vu + 2Li =2v + 2u => U =1 km/h Ans. 


5. 	 NEWTON'S LAW OF MOTION . 
• 

5.1 	 (e) 
Let the initial compression of spring be .e. 

Then the acceleration after the block travels a distance x is t 


a 
k 

a= -(.e-x)
m 

:. The graph of a vs Xis 

5.2 	 (D) .. aAy 

From wedge constraint 

(aAh =(ash' 
'I )' I .aAl<

aAX, cos 53° - aAY cos 37° =as cos 53° . 

a =-5 m/s
s --'----'as' 

as == "-5i 

5.3 	 (A) "m , 2m 

In this case spring force is zero initially 
F.B.D. of A and B 'mg 2mg 

a,,=g a,,=g 

._c-"- ...... -._.• ' 
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,','< ! ," 	 ~-., - .. ,'-~;}:-' 'l;'~ ~':';-Uc.", 

:~.4 (e) ....... . 

(Force ejjagram in the frame 6f the car) 

Applying NeWton:s lawperpendicular to string 

mg sinEI = ma cos a . ., 


rnaa 
tan a:: ' 

g 

( 
\. ! 

C 

Applying Newton's law along string 

=> T-m~g2+a2 =ma T~ mJg2+ a2 +ma Ans. 

(",5.5 
\ 

(B) 

Acceleration of box = 10 m/s2 T"'· 

Inside the box f6rces actirigo~bobareshown in the figure 
:J J ~I ma(Pseudo foreeI 

I 

T = J(mg)2+(ma)2 = 10../2 N . t_,:..,_ '" ..;_ ~ 
mg , 

( ·5.6 (D)
'.. 

Acceleration of two mass system is a = :m leftward 

4 
~. 

~ 

I. 

FBD of block A 


( 	 .,p."~..... ' ' 
'.' mF. 

N cos 600 
- F = ma = 2m solving, N = 3 F 

5.7 	 (e) 

For brock to be stationary T = 800 N 


( If man moves up by acc. 'a' 

/
I 
\ 

(,. TUfta 
500N 


(.'. 
 T-mg = ma => .800- 500 = 50 a => a= 6m/s2•. 

t: 5.8 (e) 

.,',,) 

~N I, .;( 

"i,<-' 	
" 

.'<, 

+a 

( 	
.". For no relative motion between weageandblock; letthe 

acceleration ofboth block and wedge be 'a'towards left. "~ , 

From FBD of block 

N cosa = mg .... (1) 

and F- N sina = ma .... (2) 

Frc>mFBO'ofwedge, .. 


Nsina = Ma .... (3) 


from equation (1). (2) and (3) solving we getF =~(M + m) g tana 

c.' c 

I 
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5.9. 	 (D) 
.V =(velcoity of. B w.r. t ground) 

~.': ~·".i."Y::V-4 ... 	 .12 = 2 V ;:t'8.l1l/s (velcoity of B w.r.tground) 

V' = 6 rnls (velcoity 0" B w. r. t lift ) 

5.10 	 (D) 
Method - I "-'." 

As cylinder will remain in contact with wedge A 

V = 2u
x 
As it also remain in contact with wedge B 


u sin 30° =Vycos30° - Vx siJ~~~Q~; 

';:.:-..;-: 

sin3Qo usin30° 
V =V ,'+ -- 

y . x cos30° cos 30° 

Vy = V ..x tan30° + u tan 30° 

V = 3u tan30° =.J3 u 
y 

',~. 

V = ~V:,+V; = ..{i u Ans. 
;" . 

Method ;.11 

In the frame ofA 

3u sin 300 ' ;: \,I1cos300. 
 3

' ,. 	 -:. ~'",' ~ , .."~,~,"~A"'.·3·~'=> 	 V y =3u tan 300 = .J3u . .. B .. 
:' '. 30"· . 

v,
and 	 Vx = 2u => V = ~V:+V: = ..{iu Ans. 

5.11 	 (A) 

We draw axes for each block ~g~n,g, ttl~in~line and 
normal to incline. The componenl.qfacceleration for 
each block are as shown. where~nsacceleration of 
wedge isfigure2. 

It is obvious that vertical corriporientbf 
figA fig.~2acceleration is larger for block in figure 2. 

:. 	 T1 >T2 

5.12 	 (B) 
F.B.D. of man and plank are 

For plank to be at rest, applying 	 '. 

'f.,'.~:Newton's second law to plank along the incline 

Mg sin a = f. ....................................(1) 


.. ,
'~'f0' I:P~ (4tbta.ly:(rl!};)~ ~1lB ~liL 

r 
';: 

,Mg sinn.and applying New!on's second law to. man at90gJ!le:.in~nn.~,,' ;. 
mg sin a + f = rna. . .:~.~:.. · •.,(4h ....,; 

~', . ( M) 	 '. 
.a =g siJJ,.a 1+ m down :he ,incline... 	 . '. 

mg sin a 

\.Alternate Solution (II) : 
If the friction force is taken up the incline on man, then application of Newtpn's:se~pndJaV'{ to man and 
plank along incline yields.:. 

f + Mg sin a = 0 .., . .';::.....(1) 
- f = rna ' ~ .. ~~; .....-{2F 
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Solving (1) and (2) 

a= ~;:,sin a (~+ ~) down the in~line . 
Alterh~te Solution (III) 


Applibationof Newton's seconds law to system of man + plank along the incline yields 


mg sin a + Mg sin a = rna . 

(, 


C) a = g sina (1 + ~) down ~he incline 


Ans. a = 9 sin a downwards(1+ ~} 
( 5.13 (B) 


( The free body diagram for large blocks of figure 1 and figure 2 


" 
~ $T~ 

( 

\ F
~T~ 
( From FBO it is obvious net force on each block is zero in horizontal direction. 


a1 =a2 =0 


5.14 (D) 
(' 

'. T sin a= mao + mg sin a 


( T cos e=mg cos a 


ao +gsina 
( 
\. 	 tan e = gcosa 

( 
\ 

5.15 	 (B) 


At any instant of time the rod makes an angle ewith horizontal, 

the x & y coordinates of centre of rod are
, 

\. ' 	 X = £ cos e y= £ sin e .:. X2 + y2 = £2 
, ~x', c..:..... ..' 

Hence the centre C moves along a circle of radius £ with centre at 0.' " . i: a . Ac: 	 ~ :. velocity vector of C is always directed along the tangent 0, -','

( drawn at C to the circle of radius r
, 
whose centre lies at O. . 'J' 

( 

'

( 
5.16 (A) 

t.. 

at2Since, h =i =:>a should be same in both cases, ( 

(  because hand t are same in both cases as given.
"

In (i) F1 - mg = rna. => F1 = mg + rna. 
( 

F = mg+ma
In (il) 2F2 - mg =ma => 

2 2 
(i) 	 (ii) 

F1 > F2 · 

( 

~~,,;::~;~0: 

( 	

'.. L 
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5.17 	 (C) 
NABThe free body diagram of cylinder is as shown. 

Since net acceleration of cylinder is horizontal, 

Nac2 
NAB cos30" = mg or 	 .... (1) NAB=.Ji,m~ 

mgand NBC - NAB sin30" = ma or NBC = ma + NAB sin 30" .... (2) 

Hence NAB remains constant and NBC increases with increase in .a. 


5.18 	 (B) 
From frame of car, the effective acceleration (geff) due to 
gravity shall be measured as shown in figure. Hence geff 
makes an angle 30" with vertical direction (down wards). 
Since the string aligns with direction of geff in equilibrium, 
the required angle is S = 30".' 

5.19 	 (D) 
The FBD of blocks is as shown 

From Newton's second law 

6cosa,rep T~A 
mg 4mg 	 ", J 

4mg - 2T cosS = 4 mA .... (1) 

and T - mg = . ma .... (2) 


cosS = 	5"4 
and from constrainlwe get a=A cosS .... (3) 

Solving equation (1), (2) and (3) 

. 5 
we get acceleration of block of mass 4m, a = 1~ downwards. 

5.20 	 (C) 
When all are pulling 

Foe!= 100 x3 i 	 .... (1) 

when 'ft.; stops 

Fnet FA =100 X 1(-i) ; ... (2) 

when 'B' stops 
ft 

Fnet -.Fa =100 x 24 j 	 .... (3) 

from these three get 

FA + Fa 	& solve 

5.21 	 (B) 
N =m (g - a) . N <: mg if a 0,) 
and N> mg if a ( i ) . 
Reading of spring' balance is less than m 
if a (-J..) and reading of spring balance is n l 
greater than m if a ( i ) 

N' 

. . ..... I. 0 _..'1......... 'nance 	 . :."'-~7 .. :::.'~"".'
~~?O. . 	 ,.~,;..~....::"..<.?"".<.,.."/'."", ~ 
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t 22 	 (e) 

InitialLy.lthe,block is at rest und~r action of force 2T up

ward andmg.downwards;Whentheblock is pulled down
 T 


wards;by: X, the spring: extends ·by2x·~ Hence tension T 

increases by 2kx. Thus the net unbalanqed force on block 


(' of mass m is 4kx. 

,
(; 	 :. acceleration of the bl~ck is = 4kx , 

m 

()3 (e) 


F - Kx =mb 
 A(" 
\ 	 and kx = ma' 

Kx~ ~Fm kx 

Hence .•••••• ,. b ....... ,. a 

m (b - a) = F - 2kx
( 

( 

b,"::4 . (e) 

Tl sinOl = 2 mg => T2 sin02=lng => Tl cosOl = T2 cos02r" 
\ 	

=> 2mg cotal = mg cot02 · => tanOl = 2 tan02 
l 
\. 

~5 (Ae) 

, 

\, (1) Balancing forces perpendicular to incline N 1 = mg cos37° + ma sin3r 


( 	 4 :3 
Nl = 5 mg + 5 ma 

/
I 

" and along incline rng sin 37°- rna cos 37° = mb
l 

I ' 
\, 3 4 


b l =5'g-sa 

r 
"

( 	 4 3
(2) Similarly for this case get N2 = 5 rng - 5' ma 


C 3 4 

and 	 b =-g +-a 

2 5 5
C 

4 	 3 
N = -rng- -rnaC 2 5 5 


ja 

(3) 	 Similarly for this case get N3 = 

~A
S rng + 5' 

4 
rna 

c 	 3 3 
and 	 b=-g+--a35- 5 

c 
(4) 	 Similarly for this case get N4 = S

4 
rng -:- 5' 

4 
rna c 

3 3 
and 	 b4 =sg-sa 

f 

•
"'-. 

~~esanance 	 ••
." ..... ;':C . 'E(jucatingforbettertomorrow 	 .' 

... ot" 
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,'.... "5.26 	 (ABeD) (cr\ ":. :\\ 

There is no horizontal force on block A, the~efo're it does' notmove'in;x~direction,Wherea,s;tl)ere is net 
downward force (mg - N) is acting on it,makingits:acc~h3ratiOrialongJ1egativey-direction;J' '; i: \~''.N 

Block Bmoves downward as well as in negativex;;dJreetion'. DQwI1Warch~tcel~ration'ofAanQiBwill:beequal 
due to constrain, thus w.r.t. B, A moves in positivex':;afre'dfiOrf: +""".), ' "," 

~ ~,...J, . ..:....~ ...,. .. ;..,...lKaction due to G 

Due to the component of normal exterted bye on-B,it moves in negative x-directiol). 
. . -	 '. . 

Mg 

The force acting vertically downward on block Bare mg and NA(normal reaction due to blackA}. Hence the 
component of net force on block B along the inclined surface of B is greater than mg sin9. Therefore the 

acceleration of 'B' relative to g round directed along the inclined surface of 'e' is greater than g sin.9. 

5.27 	 (Ae) 
For painter; 
R + T - mg =rna 
R + T = m(g + a) , 

For the system; , 
2T - {m + M)g ={m + M)a 
2T = (m + M) (g + a) 

where; m =100 kg 
M = 50 kg 
a = 5 m/sec2 

T = 150><15 = 1125 N 
2 

and; 	 R =375 N 

5.28 	 (BD) 

Applying NLM on 40 kg block 
400-4T= 40 a 
For 10 kg block T =10.4 a 
SOlving a = 2m/s2 

T=80N 


............ (1) 


.......... .' ... (2) 


-4a 

5.29 	 (Be) 
For equilibrium NAcos 60° + Ns cos 30° = Mg 
andNa sin 60° = Ns sin 30° 

On solving Ns =.J3 NA; NA = ~g 
' 
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5.30 	 (80) 
Let a be acceleration of system and. T be tension in, the string.
F.B.6 '(j{bJock A 	 . ..' ...... . ... ~"'~.'.:\l.'.". .. ", 
mg sin 30° + T =ma ;". }: 

f 
\ ; 

( 

\ 

5:31 
( 
\. 

(, 
, 
\. 

( 

( 

/ 5.32 

" 
( 

5.33 

(', 
5.34 

f 
" 
( . 5.35 
\. 

( 

( 

T 


mg + T =rna ..... (i)
2 ~!. 

F.B.D of block B 
mg~T= rna ..... (ii) mg 

Adding equation (i) & (ii); we get 

3mg 3 
2ma = - => a = - g

2.. 4 

from equation (i); T = ~g 

(ACD) _ 

Let F be the force exerted by. mass m on mass M. 

FBD of mass M 


kl~ 	~ F = k x	 = 2 x 3
1 1 

=6N 
FBDofmass m F-1 ;}-k2~ 

=F =6 N to the left k2x2 

Hence the force exerted on block of mass m be the right spring (k2

normal reaction (F) between blocks is 6 N. 

As system is at rest, net force on block of mass m is zero. 


(0) 

The FBD of block A is 

The force exerted by B on Ajs N (normal reaction). 

The forces acting onAare N (horizontal) and mg (weight downwards). 

Hence statementt I is false. 


(D) . ... 

1JiQ'
% 

. ..»00 

x2)is 6 N to the left, From FBD, the 
. 

~N 
. •. .' . 

If the lift is retarding while itmoves upward, the man shall fee~ lesser weight as compared to when lift was at 
rest. Hence staternEmt1 is false and statement 2 is true. . 

(0) 

Newton's third law of motion is valid in all reference frames. Hence statement-1 is incorrect. 


(8) 

From wedge constraint, if acceleration of wedge is a then component 

of acceleration of block normal to inclined surface is a sine. 

Applying Newton's I~w ~ block in direction normal to the inclined surface, . 

mg cose - N =ma sine 


for Nto be zero, mg cosO = mC! sin'O or. a = gcote 

( 	 m '~Sine 
C 	 0'",'<>Ae . ~~ 
{ 
~. mg cose - N = rna sinO 

for N to be zero, mg cosO = masinO or a = gcot9 

C 
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;)', ' 

I5.36 	 (8) " 
Since nonniil reaction is zero and the'accelerationbfblock is 
horizontal, Thene(~ertical force on block is zero. "ff,'!:90,::;e.,"", '," H!'"Therefore T sjno/;:,"j'):lg', 

or T::: mg cQsec 6' 


I,' 	 e 
5~37 	 (A) mg 

F ,= Ma = Mg cotOnet ' 

5.38 	 (C) 
For equilibrium ofblockJA) B TY 
F=NsinO 
N =F/sinO 
To 11ft block B from ground 

,FN coso?:. mg 

F 
sinO cosO?:. mg 

F?:.mgtar)O =mg(~)- => So 
3 

Fmlh =.4 mg 

5.39 	 (C) Ny
If both the blocks are stationary, 

Balancing forces along x-:direction 

F = N sinO => N =F/sinG 
 F 
Balancing forces along y-direction 

mg
Ny = mg + Ncose: =, mg+ (Si~HJ cose = mg +: F cot 0 

4F 

Nyl =mg + 3 


5.40 	 (A) , 
To keep regular contact 
a sin e = b,cosB 

3
b = a tanO = -a lij4, 

,,,,cos9 

5.41 	 (A) 

5.42 	 (D) 

5.43 	 (B) 
(Q.41to43)·. 

The FBDofAandB are 

Applyi~gNeWt6n's second law to blockA'" 

and BalOng 'normal to' inclined surface 


NB -mg,cos 53"= ma sin 53" 
mg cos 37° - NA = ma sin 37° 

m m 
Solving NA = 5(4g - 3a) and NB =5(3g + 4a) 

For NA to be non zero 
4g-3a?:. 0 

or a< 4g 
- 3 

"~~ '.~~" J!lIaSOnanc:e' ';\",\ ".' , flF,~if<i1iitiJ1g for better tomorrow •
=.'/--','.:":..:~;~?''::'::;':,:,: .':, " 
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5.44. (AJ t (B) r (C) t (D) r . 
Let'iabeadceleration offw6blocksyStem towards right 

F2 -F1 
. a= m1 +m2....... 


The F.B.O. ofm2 is 

. F'-T=m a" 2 2 

m1 m2 F2 ::...L'F')Solving T =.m + m (m + n11 
1 2 2 

( (B) Replace Fl by - Fl is result of A 
\ 

/' 

\ T= m1m2 (F2 _fLJ . 
m1 +m2 m~' m1 

(. 

\.. (C) Leta be acceleration of two block systemtoWards left 
( F2.-F1 
\ a·= . 


m1 +m2 


The FBO of m
2 
is 


F2 - N2 =. m2a 


m1 m2 (fL+iL)( 
\ Solving N = m +m m m 

1 2 1 2 

(D) Replace Fl by -F1 in result of C 

( 
I.. 

N = m1 m2 (F2 fLJ 
/ m1+m2 ~m2 m1
"

( .:.45 (A) t (B) q (C) s (D) q 

;""::,';.' 

·a 
-7 

....~ .. 

.,.·.mT. '. . < •.2. )F2 ; 

a. . -<E-

~.···~.'·~F2.

N~' . 

{
1... 

c 

(A), (B) ~ After spring 2 is cut, tension in string AB will not change. 

. . mA + me  me mo . (... 1)
(Teo); =4 mg, (Teo), =moS + mo' mA +mB;+I1l~>fmo ,g =2mg 1 +5' =2.4 mg 

Hence Teo decreases. 

( (C), (D) ~After string betweenC and pulley is cuttension in string AB will J)ecomezero .. 

( ... (TeO)i = (moof' mE)g = 4 rTIg 

( 
Acceleration of C and 0 blocks is 

c 
. 

(me + mol g + mEg = (me + mo)·a ~ a = 
6~g 3 
4rng = '2g 

c (Teo), + meg =me-a 

( 
3(T ) = 2 m - 9 - 2mg =mgco f 2 

/
L 

The tension decreases ;',,' 

.··.n,. ~~eSOClanc:e~.' ~Q"catihg .for better tomorrow,c········ .'v;/. - '.- ,:. -- . 

.~~.;. 
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5.46 	 o 

both the strings is equal to 2Mg. . . . .... ' 

When block A is released, it will have an unbalanced force on 

it and hence the tension in string (2) will change to say T2' Now ',: 


the arrangement will be"." at 
Since, tension in spriri'£fdoesnot change instantaneously, hence, 

tension in sbihgTWilrren1ain samete. 2Mg, Thus, 'Block C will 


remain at rest and a =0.'
e 
2m~ 

Newton's law along the string (~h, 2Mg - Mg = Ma + Ma => a ~ ~• 

.' Hence acceleration of A = t , B = ~ ¥-). & C = 0 

5.47 	 0 
Let 	 c be acceleration of wedge C.. 


a be acceleration of block Aw:rJ.w,~clg,eC;. 


b be acceleration of block B w.r.t~ wedge C .. 

Applying Newtons law in horizontal direction to system of A + B + C . 

. mc + m (c ~acos 37°) + m (c + b cos 53°) = 0 .. , ............ (1) 

Applying N~wto.n·slaw to bJockA and B along the incline gives. 

In case of A: .mg si037° = m (a- c cos 37°) .......................... (2) 

In case of B: rrig sin53° = m (b + c cos 53°) ,......................... ,(3) 


soiving (1) , (2), & (3) we get c = 0 Ans. a =0e 

5.48 	 3m'/s2 

Let the acceleration of B downwards be ae = a 

From constraint; acceleration of A and Care 


4a 

aA = a cot 0 = -3 towards left 


a 
ae = 2 upwards 

free body diagram of A, Band Care 

NcosfhT 2T 

N'" I 

NsinO" ~ .. 


"K III NsinO
~ 
2mg ~mg 

. ,'~ ,:": 

9m .. 

N sine = 64 (acote) ..., .............. " ..... (1) . 


2 mg - T - N cose =2ma ................... : ...... (2}: 


a 
2T-mg=m '2 	 .......................... (3} 


solving we get 

a 
a = -	 = 3m/s2 

c 2 

Ans.3m/s2 ,--. 
:"'~·;:,:,,)Hl 

.': 

Before block A was released, the systemwa~atrest,Clnd,,~1I bl9Yks,)IV~,:ei.!le9U}JJg,n,Yrn."hence, tension in 

", 

a-

c 

http:Adiitrliced);;;Ril:.iJ
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5.49 

,- ~ 

o 

/"' 
\ 

( 
\. 

( 

from length constraint 

'1 + '2 + '3 =C 
f."+f."+f."=C

1 2 3 

-b cos 60° + b cos 30° + a cos 60° x y 

2a = .J3 by - b ••• (i)x 

from wedge constraint 

a cos 30° = b cos 30° + b cos 60° 
x y 

.[3 a = .J3b + by ... (ii) x 

Applying Newton's law (wedge + block) 
along horizontal direction 
T + T cos 60° = Ma + mb 

, x 

23T 
= 8a + 2b~ ... (iii) 

Applying Newton's law on I::\lock along the incline"pJane 
T- mgsfn60°';" In (b Cds60ti .::. by Cds '300

) ,x 

T - .[3 g= bx - .[3 by .... (iv) 

Solving equation (i); (ii); (iii) and (iv) 

3.[3g 
we get a = -- m/s2

23 

6. FRICTION 

I 6.1 

" 
I 

" 
( 

" 


( 

( 

(' 

'" 
(' 
\. 

( 

( 

C 
t 
\., 

6.2 

I 

1.... 

( 
'-.. 

~~esonanc:e"'_.. .. ~ 

a cos 60°- a=0
'. 

(D) 


FBD ofAand C 


J.LN 

A 
N ta 

mg 
8mg 

If acceleration of 'c' is a 
For block 'A' 'N ::: 8 rna 
for block A to remain stationay with respect to block B, 

8 mg = IlN (Limiting condition) 

,,8mg = Il 8ma; 

a =' gIll ' 


'" 

, .... (1) 

.~ .. (2) 

and acceleration a can be written by the equation of system {A + B + C) 
meg = (10 m + me) a .... (3) 
meg =(10 m -Fm~)g/ll 

10m 
=> me=;-1 Ans. 

(D) 
Let the valtJe of 'a' be increased from zero. As long as a::;; IJg, there shan be no relative motion between 
m l or m and platform, that is, m~'~nd m2'shaJl:rnove JJith'acC'€lleration r:i. ' ' ,2 
As a > Ilg the acceleration of !TIl and m2 shall become Ilg each. 
Hence at all instants the velocity of m1 and m 2 shall be ~ame 
:. The spring shall always remain in natural length: 

,-""' ,po' ";'VI, t• 

http:JEE"(Advancedj-':R.RB


I 
i 

, A8~~TS'&S.QlutiQns ($ection-I : Physics)-".,--..-~~~~.,,· ~ ,a'_~~'b"___''''='~'''''';'~~'.'r..") lEE (AdVanced) - RRB ~ 

6.3 	 (e). 
For the sliding not to occur when ['lir
tan e::;; Ii 

, . 
i , , dy, 2x 2.J2Y H 

tan e = -. = - = -- = 2 
'dx "a a a 	 ! 

2. ;. 
2_ 6.~ 

, 

:. 2H::;; 11 y::;; af! 
2 	 ! 

or 
4 

6.4 	 (C) 
FBD 

T 8T 

t.nat =2 	 fma• =6 

Net force without friction on systemis i 7N'in right side ~o first rnaximum friction will come on 3 kg 
block. 

8 
:-, 

So fl = 1 N, f2 = 6 N, T = 2N 

6.5 	 (C) 
,SoJ>lock'O' isrnovingdue to force while block 'P' due to friction. 

Friction direction on both P + 0 blocks as shown. 


pi},,\l·· )t.".=8 

::::::Ifl )F 

First block '0' will move and P will move with '0' so by FBD taking 'P' and '0' as system 
F-9=0 ::.~F=9N . 

When applied force is 4 N then FBD .i}18~1~o 
i.e. ap =aq =0 ,~:~*~7t~;f~~~4 

,", -,'4 kg block is moving due to friction and maximum friction force is 8' N. 

. 8
So acceleration =,... = 2 m/s2 = a4 max' 

Slipping will start at when 0 has +ve acceleration equal to maximum accel~ration of P i.e. 2 m/s2. 
F - 17 =5 x 2 ~. F =27 N. 

6.6 	 (C) 
limiting condition-for m to not slip in vertical downward direction, mg = f!N 

"-< 

mg 100 
="~ N = .- =-'- = 200 Newton ( 

,-,~11 .5 

\:..j-- ,'.'- ,,' ''-., '., ,',. '.'- , .' 200 

, ,. Same normal forcewolJld ac~eJerate M, thus aM =50 = 4 m/s2 


Taking m + M as system 

F =(m + M). 4 = 240 N 


l-.-i(iResonance 	 .•
;..Jf:.(f,rcating·fo:~·betfer tomorrow'~-" 	 ~_." ;. 
.~ ..:~ "~ ~ .::.. 
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(" 

\, ' 6.8 

0 

6.9 

( 

( 
\. 

( 6.10 
\. 

I 
\. 

( 

( 

"', 

( 

C 
( 

( 6.11"

(. 

( 6.12 

( 
\. 

(C) 
Let rnA and me be the mass of blocks A and B respectively,:, "", ' '.' , , ., 

As the force Fincreases from 0 to JlsmAg, the frictional fo.rc:~ fall bloCk,~i~~Hct)}hc:lt 1: = f.;W~~n F =J.lsmAg, 

the frictional force fattainsmaximumvaluef=J.lsmg:, ."':, ' .. '":."'; ,'.' :::"," '.' 

As F is t:urther increased to J.lS(mA+ma)g, the bl~ckiAdoes:nofmoveAn'thisdura'tionfiicti6ni:1I :!orce on block 


"A.,remains constantatJ.lsl,mx-:g:' : ' . y.,"' , 

As F further increased, system will start moving and kinetic friction,!1l\t rnA g)wilhstartacting' on A (J.l > ~).s
Hence C is correct choice. . 

(C) 
FBD in reference frame of the lift 


...,'••::m2 (g+a) 


Ilm2 (g+a) <f-- ' a2 = i(g+*) = ~ = 2.5 m/s2 30---' 
50]a = 30-[~m2(g+£)] 30-[1-x2x- _ 25, .. ' " 

= 5 4 - T m/s2. ' 1 
8 8 

(A) 
. .:; . ~ , .maximum friction = Jlmg = ,0.6 x 10 x1 = 6N 


Psuedo force =ma = 5N 


. f 1x5 2Applied the Pseudo orce = -1- = 5 mls 

so required friction force is only 5N although maximum friction force available is 6 N. 

w '. 
Since block M1 is attached to the, string so it will remain stationary,Mi has tendency to move downward. 

So, friction on Mzwill act in upward direction. 

N is the force by which the both block are pressed i.e. N = T cos300'. 


mg liN mg 

for block M1 
M1g + J.l{T cos300

) - T sin30° =M1 (0) .... (1) " l~,.: 

{a =0 for M1 since attach to st~ing} 
for block M ' ","z 
M2g - (J.lN + JlN) = Mz a .... (2) 

(A) " . ,., , ,". ,'," '.' " '"," ,"" . 
For chain to moYewitb,COr;lstant speed P l1eeps,to be equal to frlctionaIJprc:~ ~n the chain,;Asthe length of 
chain on therough surface increases. Hence the friction force"fk!;1, ~ ~ jncre~~es. , ' . 

(C) 

In equilibrium 

T= mg " 

N::: 3 mg' 

&'f='2T"; 2mg 

in limiting case f = f . 
max 
=> 2mg=I..IN 
=> 2mg = 31..1 mg 
=> 1..1 = 2/3 Ans. 

T 

~"m. 
f '! 

mg 
21)1g 

';.~B~~eCk~flS~--'-------------------------'-'-";""+~";,,,,-,;"'';''~,;''''''''';'-.

l,Y'--' '~" 

c 
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6.13 	 (D) 


Limiting friction between A & 8 =60 N 

;;'.' 

-,: 'LImiting fri'ctidn:b~iW~~n8<&C =9cfN 
. 	 .: ,'.. 

l,.imit!pgJr,iction ,b~M'~~,nC ~gr()t;loq,i7:,~Q'~); ":""(: 
"'Si~~elin,iti~gfri~tion is 1~~~t'b~t\N~~~'C'~hd'g'~~nd,slipPing will:pccur~atfirstbetweetfCand ground. This 

' ... ~ ", ""will occurewhen'.F =:5Q,N.' " .. 1: ·>;"f~'· "': :-{'; ~',:\ 

6.14 	 (8). 

1.8 t -l.Ik 15 = 1.5 (1.2 t - 2.4) c==t-7. '1 ~8 t 
For t::;''L;'85-sec. 	 t· . 

,.....,(1.5g) 
., . ;1\'=0.24 

6.15 	 (8) 


At the instant 3m is about to slip, tension 

,.:,t:. 

in all the strings are as shown 


3J.lmg =T cos 60" .... (1) 3J.lmg 

and mg =T sin 60~. . ... (2) 
 " 

1 
Il = 3../3 

6.16 	 (A) 

~ A f~m:::' 
Direction of friction is such that it opposes the relative velocity. 

6.17 	 (C) 

f}d; 
Acceleration of train will be from right to left. '''

:::) Pseudo force will act on the box from left to right therefore friction will act from rightto.Jeft 

6.18 	 (BC) 


For system remain in equilibrium, value of m can be decided in two limiting cases: 


.. ; 'riCase-I:'in can taKe:'am~ximurii valuEfsbcHthat1tJOk9block:hasfemden,cy' tbmove:upyiard. 

mg = 100 x 9 x "5,in37°'.f'. '~x100 '~. 9k66~37; iii ,i',ii,,::" . """;-,,, i.,' . 


3 3 4 
m =100 x - + - x 100 x - =60 + 24 =84

5 10' 5 

Case-II: m can take a minfm'~in value such that 100kg block has tendency to move downward:' 


100 x 9 x sin 37" =mg +'Il x 100 x g )( ¢o.s37" :::) m =36 


so we got the range 0.1.111.. .. 

36<m<84 


In this range 37 and 83 lie. 


.....•... -',,/~. 

http:1\'=0.24
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~.19 (AD) 

Where cp = angle offriction 


.. ' 
," .e=angle ofinclioe.dplqne 
w = weightofthe.body 

F1 = mgsin 0 + /l mg cos 0 . 

F,2= mgsin O.-"';/l ;rtig;cos ft. 

But mg=w 


..-;.~ 

/l =tan cp( 


sin4> 

Fl = w (sin 0.+ cos4> cosO) . 'F=\4isiil{fH ~)sec4>
n 	 • 1 •• _ •.•. 

. l:lincp
F 2 = w'{sm 0 - cos cp cosO) => F 2 =wsin(O -cp)se6cp 

Now 	 Fl = 2 F2 

mg sinO + /l mg cos 0 =2(mg sin 0 - /l mg cosO} 

sinO + /l cos 0 = 2 sin 0 - 2 /l cosO =>3~co§e ;; sinO . 


( .. 	 = tanO = 3/l 
\ tanO = 3tancp . 

( J.20 	 (BD) 

Case I: 

since. no relative motion: 


Fj 	 Fj 8 
- -Fa= =3 => F 1 (max) - 3 f5 


\ Case II: 


( F2 -Fj 	 . 8 
a=--' = 	 = => F2 (max) -Ff 


( 
5 3 5 


\ .. ' 
F1(max) 5 


Clearly; F1 (max) > F2 (max) and 
 F2(max) =:="3 

(15.21 	 (AC) 

c 
{ 

\. 

Block is moving upwards due to friction 

f - mg sin 30 = ma 
r 

1 
=> 	 f - 1 )( 10 x = 1 x 1 => f =S N ( 	 r 2'<-"" . . . r 

Contact force is theresul~nt of Nand fr(, 
\" 

= ~N2 + f2 = ~(mg cos 30)2 +{Sf = 10.5 N r
( 

( 	 6.22 .. (AD) 
.10t't:':~· .The frictional force on bl9ck A is 

.. "'~:':1'( .10N--	 ...... -~~ ON~ " 'r"o " 	 , .' •.. . 10 
=> J.IN1 =10 =>N j = 0.2 =50N 

I·10NThe nefforce on block B in vertical direction is zero 

:. N

2 
=50+N1 +10=110N 
 ..·l~Q~ •.• 

I 
=> Normal reaction exerted by ground on block B is 11 ON.' 

\... The net force on block B in horizontal direction is zero f. I .. . 
( :. .1+10-10=0 
\ .. 	 N2 

=> frictional force exerted by ground on block B is zero 
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6.23 	 (AD) 
case-I: 1-11 =0.5, 1-12 =0.3 '> 

A10ngthe incline, acceleration of 5 kg block will be lessthan acceleratiofT'of131<g,:block':provided they move 
alorie,:dn tile incline. The reas~n!s greater friction coefficient of 5 kg'block,-;:i'sa@leration along the indine is 
9 sii(o-'pg cos e , ,,"t_ ~', '::' '.' ":,;." -" ,: 
'bne to the contain, bothblQcksWili move together. In this case'£,BDs ofboth ar,eshown. 

6.24 	 (O) 
The FBD of block is as shown. Fsine + N 
Minimum force at-an <;Ingle e,tQPull-the block horizontally, 


FcosO=Il:N .... (1) 

Feosewhere 	 N = mg -:- F sinO .... (2) IlN ( . ! 

Ilmg mg
F = COsO+llsinO 

which can be less than Jll11g 


1 

Putting Jl = 3"' 0 =37° 

Fmin = Jlmg_ 

6.25 	 (0) . 
Due to pseudo force, the person observes the block to move back. Also the accelerating person does 
not observe any relative motion between body and the rough surface. ' 

6.26 	 (0) 
The block cannot move along x-axis by a force applied along x-axis. 
For block to move along x-axis, the component of force along y-axis should be equal to mg sine, So that net 

, force along y-axis is zero, 

Hence statement-1 is false. 


6.27 	 (D) 
If F = 20 N, 10 kg block will not move and it will notpress 5 kg block So N =0. 

6.28 	 (A) 
If F =50'N, force on.5 kg block = 10 N 
So frictionforc'e·:: '1 0 N 

6.29 (8) 
Until the 10 kg block is sticked with ground ( ... F = 40 N), Fa 
No. force will be felt by 5 kg block. After F = 40 Nt the friction 
force o~ ,5 kg . increases, till F = 60 N, 
and.afterJhcH, .the kinetic friction start acting on 5 kg block, 
which w!lIbe con~fant (20N) 

.. / 

6.30 (A) 
Fmax = kx + Jl mg 
F = kx -Jlmgmin. 

:. Fmax - Ff!1i.n, :: 2 J1lJlg 
or 2 =2Jl10 

11 = 0.1 

!; 
I' 
1 
1 
1 

40N, eON )F 

\'; J~esonanc:e.. 	 . . ..,_~ ,;:::;, 
.:::.::Educatingfor better tomorrow 	 . , ..~,<;:,;.",;'" '" .:::. :_~::{r~~' 	 · • 



. AtisHiers'&.solutions(Section-I: Physics) . ro JEE(Advanced) - RRB (lQ 

6.31 


('; 

() 6.32 

(', 

\. 

(6.33 

,', 
\ 

,"
\.. 

(' 
I.. 

! 

( 

{ 
\. 

( 

C 

C 

C 
( 

( 

( 

( 
>"'''~''., -.: 

C 

C 

L 

; ... (1) 

= 5 ""," 

(A) 

F +Fmin=2kx 
max __ "'_~ _.~_""" . 

from graph F + F Imax mn.. 

and x = 0.1 .' 

Putting in equation (1) 

5 =2 k(0.1) 

k =25 N/m. 

(A) . 


When x= 0.03 


kx' = 25 x 0.03 = 0.75 N, which is less than fl mg = 0.1 x '10';' 1N·· 


The block will be at rest, without applying force F. 


(A) p,q,r,s,t (8) p,q,r,s,t (e) p,q,r,s,t (D) p,q,r,s,t:',>; .. .,' 

(A) For fl> tanS, the magnitude ofacceleration of both blocks. is iero';HEmce"acceleration of both
-." " :.... : ":".'::.,: ." ... ' .' ,.-", 

block~,is same.., • ',' .....;.,.'J., '''''',':, .... ,,~., . 

For J.l. < tanH,the acceleration of both blocks is same and equal to; ('g ·sinS + g cosS) 

Hence whatever be the value of fl, the acc~leration9f b()t!l,bJo,_~~~shall b.e~ar:ne. 
. :. ":...... "':'" :··)':7'1,L;.~:,'~:.··\· ',':" :._.. ,," :.:". 

(8) .For fl> tanS, both blocks are at rest and their binding with incliiledsurface is not broken. Hence 


the blocks cannot exert force on each other. Therefore normal reaction between'b~th blocks is zero, 


For J.l. < tanS, both blocks will move down the incline with same.accelerat~on when they are not in 


contact. Hence they have no tendency to approach. 


Hence when both blocks are in contact, they will not exert normal reaction no tendency to approach. 


Hence whatever be the value of Jl' normal reacti~r,,,t:)Eltwee~ppth..l:>Jocksiszer9. '/ 


(C & D) For fl > tanS, both blocks are at rest. . 

. . 

The normal reaction (N), friction (f) and net reaction on each blocks ~y inclined surface are as shown. 

~~~~~V?:'?!,
"'~, ... . !Co'?! 

• f:t,"" 
" \~~ 

~'\ . '\ 

~o 

o"''?! 

,..,. ,._\~J)'~~~'~ 

". f:t,r,,\~'?! .. ,~').~ 
~. . . 

~~. 
~ .":.}:.. \." 

It is obvious ~1= ~2 and R2 =2R1 . 

For J.l. < tanS, both bloc'ks move down the incline. 

.' The normal reai::tio.n (N), friction (f) and net.reac.tion 01.1~a,~,9:blpfks l?y iryclinedslJrface are as shown. 

vo:'?! . 
~~". !C\ 

~ \.~, o'~, ~Q,vo'i> 
, \~~ 
.. '\ 

.' lit, 
, , ".: ...... .. 

~ 

~Q,~o",'?! , 

~"&." &'?! 
~~•• ~.... . ~Q,vo 

.. \.~').~. " 
~. 

. :' ",' . ':'.. : . . ~., "'., .. :~~.,. 

').~. 

Again it can be seen that ~1 =~2 and R2 =2R1 . 


Hence whatever be the value of J-L, R2 = 2R1 and ~2 = ~i' 

.. '., ...~ 

c:'.,··· ., .. .... ...... .".'i~esanance ".. 
. ,Jij ;·.E~ucating for betler tomorrow ...~ ...., ;;',.,,;.,cE••.. );"~";'~. 

c 
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6.34 (A) q (8) S, (e) r, (D) p 
(i) 	 Till 0 = tan-1 J1. T = 0 

After 0 =tan-1 J1. T =mg sinO - J1 mg cosO 
. So curve will be , >!;;.' .,;,,··· ..j·······lL(ii) 	 N =mg cosO ~ .', 

~. 
(iii) 	 Till 0 =tan-1J1 

f, 

.. e 
fr will be static = mg sinO 

Clfter8 =tan;-1.f.1 "". '. . ..' . 

fr will be kinet"Ic'::;iJ1 mg cos O' . , 


(iv) 	 Net interaction force between the block and incline's 
for e. =< tan7"1; ~". "',' . 

Netreation ~'~{frigc6ie)2+(mg~ine)2;;=hig .. 
" -. . . 


tor 0 > tan~f~ T 
'"" 


cos(! '. 

~..
Net reaction 4flllgcoso)2 +(~gc6se)2 = Vf.{J12 tos 0 '" 


So curve will be 
 Ll. 
6.35 	 10sec 

The block begins to slide if 
F cos 37° = J..I (mg - F sin 3]0) 
5t [cos 37° + J..I sin 3]0] = IJ mg 

5t [~+~J =70 or t =10 second 

6.36 	 20m,.· 

In the reference frame cifthe t'ruckF8D of 4() kg block . 

15 

Net force => ma :- J1N => 40 x 2 - 1qO x 40 x 10 


. 20 1 
mablock -=> 80 - 60 => ab10ck = 40 = 2" rn/s2 . . 

This acceleration of the block in reference frame of truck so time taken by box to fall'down from truck 
/ 	 ..' 

1 . 	 1 12 x t2 => t2 = 20Srel = ure1t + 2" arel t => 5 =0 + 2" x 2 

So distance moved by the truck 


1 '. .. .> • '...• ; ..'1 
=> xa xt2 => - x 2 )( (20) = 20 meter2 truck 2 

.. ' •.k ••... ,'••• 

,.- ~:..-~. -~.; "fr 	 \I.'~~~""., >•••,,7...•.•,~,~ .'.' ~ 
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'·6.37, .. ;3 

. ' As seen from an inside observer, the forces acting. on theblockare pseiJdoforce, frictional force and the 

applied force~ . 
When the applie"cj force is in the' direction of pseud"o force (in this case less force wilt be required to' 
move the block) 

10 + pseudofo,rce =IJmg ........ (1) 

When the applied force isoppositetothe pseudoforce;! '. 


20 - pseudo force = IJmg ........ (2) 

Adding 0) ~ (2) 


30 =2 IJmg =21J50 

IJ = 0.3 


(l 
6.38 25 

C 	 The F.B.D of both blocks. is as shown. 

3mg mg
a = 	 =20m/s2

1 m ~ 	 ~ 
( a =4mg-3mg =5 

.; 

m/s2 	 m ~3mg ( I 2m t=:f,=mg 
2 2m 	 "-(--'------' f =3mg 3mgf,;:mg 	 2 

. a -, 25 X 
• • pulley - 2 = 2 = 2'" Hence X =25 

( 
6.39 15 

( 
The F.B.D. of A and Bare 

- IIf 

force of friction 
 f. . IIWIIIII-----F 

F or sliding to start between A and B, the frictional f = IJ N = ±x 2 x 10 =5 N =f 
( 	

max 

Applying Newton's second law to system of A + B 

F = (mA + me) a =6a ...................... (1) 
( 

Applying Newton's second law to A 

( 
_-==-_5_ 2f -- mA a => amax - m - 2 - 2.5 m/s ...................... (2) 

( A 

from (1) and (2) Fmin =(mA + me) i5 mls2 = 6 x 2.5 =15 N 

(oAO 3 
r 
\. The F. B. D. ofA and Bare 

(. 
For A to be in equilibrium 

F =N sin e 

( For B to just lift off 

( 
N cos e=mg + IJs N' 

For horizontal equilibrium of B 
. N'= N sin e 

( From (2) and (3) 

(,'. 

L' or 

N (cos e -lJs she) = mg 

. (4 23)·' . 
N 5-"3 x5 =mg 

C· or 
5

N= - mg
2 

...............(1) 

A 

L~ 
J.lN'..... , ......... {2) 
 ~ 
mgNeosO

.... , .......... (3) 


!: 
.1. 

............... (4) 


{ 
~/ 	 3 3Fro~ equation (1) F=Nx S F= - mg

2 

~ .~lReS()nanCe 	 " ·.lIt'L_~ducating for better tomorrow 	 ,.,'( " ... "}f.:;.z,.t·,.···'·.:·, ".. -:',. 

C'·· 


c 
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7. .WORK, PO\lvE;RJt ENERGY 	 '••... 	 "'.' 

7.1 	 (A) 

J.ETEjj~F 
Consider the blocks shown in the figure to be'tnoving together:.:dueto friction between them•. 

The free body diagrams of both the blocks are shown below. 

Workdone.by static friction on Ais positive and on B is negative. 

7.2 (e) 
The work done by man is negative of magnitude of 
decrease in potential energy of chain 

. "'L m L L 
AU =mg '2 - 2.'g 4 = 3 mg 8 

LJ2 

7.3 
\ 

3mgl 
. W=--" 8 

(A) 

From conservation of energy 

K.E. + P.E. = E or K.E. =E 
1 
2 kx2 

.' [2E
K.E. at x = - Vk is => 

. 1 (2E)
E~2kT =0 

. . ; 
The speed of particle at x 

{2E 
=- Vk is zero. 

7.4 (C) 

f1: 'FK] .. :.. ;;/·:",11 

f2 I B I 

U4 

" . 

( 

(' 

\/ 

(' 

I. /If A moves down the incline by 1 metre. B$hall move up by ~ metre~ If the speed of B is vthen the 

speed of A will be 2'1. 
From conservation of energy: 
Gain. inK.E. =loss in P.E. 

·1 '. 1 	 3 
....;. m (2'1)2+ m'v2= m g x - 
2· A. .•. 2 B A '. 5 

.. '1~ 

. .. 1 
m g x 

B 2 

v= -gSolving we get '. 23 Ans. 

7.5 	 (8) 
Internal forces can not change acceleration of centreof mass. Thus internal forces have no effect on 
velocity of centre.9f mass. 

The kinetic energy of system of two particles of mass m1 and rr;2 having v~locities v1 and v·2 • in centre 

of mass frame is: 
"C'~.'. 

k= .~ m1 (v1 -Vcm )·(v1 -van ) + ~ m2 (v2 -Van)·(v 2 -vcm ) tl 

Internal forces change velocities v1 and v2 and hence kinetic energies of constituent particles olthe 
system. Thus internal forces chang~kinetjcenergyof the systemin~centre of-mass fral11e. 
:. only (i) is correct. . . . 

....~' ,. ..... cf~esC]nance
tomorrow.".,... 

http:centre.9f
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(-.6 	 (e) 

Initial exte.nsion will be equal to 6 m. 


I~itial energy = %(200) (6)2 = 3600 J. , 

( 	 1 . 
Reaching A: 2" mv2 =3600 J 

=> mv2 = 7200 J 

(j From F.a.D~ atA;" 

"F~~2mv 7200( N = -' = -- =1440 NR 5 . 	 7m 

7.7 , (8) 
( " From given graphs: 

3( 3 ,(3)a = t and a = - - t +1 => v =-t2+ Cx 4 y 4 .., x 8 
C 

At t = 0 : vx = - 3 =>C=-3 

C" 


3 
v =-t2 -3 

x 8( 

( 
=> dx = (~t2 - 3) dt ........... (1) 


( 


( 	 Similarly; dy = (- ~e- t +4) dt ............ (2) 


( 
As 	 dw = F.(1; = F.(dx i + dy 1> 

r 

c 
" }w" K~tT (~t+1H [(~t2 -3)1 +~t2 t+4)l]dt 
c W= 10 J 


Alternate Solution :
( 
Area of the graph; . 

( fax dt = 	 V exl, = 3.= 6 V(x}f -(-3) => 
f
"-. 

and Jay dt =-10 =V(Y}f -(4) => V(Ylf =- 6. 
C 

Now work done =.1. KE.= 1 0 J 

(1.8 (0) 

C 
t 
a t. . c _' V' . cv '. BC 'L'D

B . , .o ~ fl!. t- At'
{

"-. 

":", 

Ie 
, 

.. The above graphs show v:" t graph from a -tgraph & Then v2 -t graph, which are self explanatory. 



, ' 
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7.9 	 (C) 

,'.au. au ,~ " . ' ~ . ~ 	
'" 

f = - ax i-fly J = - [6 i] + [8] J = - 6 i + 8 J 
-.,"!.'-

- 3' ~ 4~ h . d' ., h f - -3f +41 (a):. a = - I + J as same Irectlon as t at 0 u = ' 2 ="2 
lal = 5 


Iii I=5/2 


Since ii and a are in same direction, particle will move along a straight line 

5 1 
:. S = "2 x 2 + "2 x 5 x 22 = 5 + 10 =15 m. 15 m. Ans 

7.10 	 (D) 
Statement I: Work done by gravity is same for motion from A to J and 8 to MJqrequal,rnass. So K.E. 

will be equal. 

Statement II: Acceleration =9 sin a 


sin OA> sin 0a 

h h 
>

f! 2f! 

Statement III : Wg + Wext =0 (Because moved slowly) 


Wext=-Wg 


from B to 0: W9 is positive so W < 0
ext 

7.11 	 (A) 
Let at any time the speed of the block along the incline upwards be v. 
Then from Newton's second law 

P 	 mdvv -mg sinO - J.ImgcosO =ill 
dv 

the speed is maximum when Cit = 0 

P 

vmax = mgsinO+J.ImgcosO 


7.12 	 (D) 
duo .,;;. 


X =Xl and x =xa are not equilibrium positions because dx ¢ 0 at these poi~~§:=--' 
" ' 


x == x2 is unstable, as U is maximum at this point. 

7.13 	 (C) 

At equilibrium positon x = ~g 

1 2 -1 (mg) mgx 1 .U - -kx =-k - .x =-.=-(loss In G.P.E.) => G = 2S 	 c 
spring -	 2 2 k 2 2 

7.14 	 (8) 

dU = - F.dS=- F.(dxi +dy]) 

Also by reverse method using Fx = - au and Fy = :~ I only (8) option satisfies the criteria. ax 	 ' "", ". 

batt;; tnmnrrnw 

~;.~ --:'-~ ..::.~:,;.;;,: : (~~,.
. ·.7 ,...:": 'j<~~,~. 

L 



Answers &' Solutions (Section-I: Physics) 	 f0 JEE (Advanced) : RRB ~ 

7.15 (A) 
As long as the block of mass m remains stationary, the block of mass M released from rest comes down by 

2~9 (before coming it rest momentanly again). 

Thus the maximum extension in spring is ' 


2Mg

x=--	 ................. (1)


K " " 
" for block of mass m to just move up the incline 


(') kx =mg sin e+ "" mg-cos e ................. (2} 


334 	 3
( 2Mg =mg x -	 + - mg x or M=- m Ans.545 	 5 

7.16 	 (B) 


,F· :: - au =sin (x + y) F = - au = sin (x + y)
oxx 	
Y Oy 1

( 

Fx ::: sin(x+y) ](0."'4) = J2

1 
Fy ::: sin(x+y) 1(0."/4) =, J2 


!~ 

\ 

1 [A .].. F =../2 i + j 

f
'_. 7.17 	 (C) 


In the frame (inertial w.r.tearth) of free end ofspring, the initial 
 I 
I 

velocity of block is 3 mls to left and the spring unstretched . I 

\. nmmmm~~m,;:;/~~~7J/1Applying conservation of energy between initial, and maximum I '.: maximum
r.:--l ~i extension, extension state. 14kgrOOpOOOOO~ state 


\.. 1Imtff'(!!!!!}/!!!!f'Wmmllll'( 

( 
\ -	 mv2 = - kA2 or A = - v = --x 3 =6cm11, ~ ~ 

2 2 k 10,000 . 


( 

7.18 (B) 


( 

The initial extension in spring is Xo = ~g 


( 

Just after collision of B with A the speed of combined mass is ~. 
. 2 

" 
{ 

For the spring to just attain natural length the combined mass must rise up by Xo = ~g(SeC~fi9.) and 
( 

comes to rest. 

Applying conservation ofenergy between initialandfinalstates 
( 

( 
<. ." Mt"~1 ~"g~ ~ ..,jog 

1 '(V)2 1 (mg)2 (mg) 
{ 

2 	2m '2 + '2 k -k =2mg k -<. - -1- --m-L-yelocity =0 
\-	 V/2,11',~I_~__f~n~~S!~t: __ . ' 

6mg2( 	 initial state Solving we get v = ,- 
. ~ k ' 

( Alternative 'solution by SHM 

/ 

~. 2 2 2 

f 'k2 - k 
\. 	

~ =[f ~e~gr -(~gr v =~ 2k J3m g _ ~ 6mg ] 
. m 

c 
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7.19, 	(A) 

Area un,d~r P-x graph = JPdX = Ifm dV)VdX = f.nv2dV= [m;3 JV =10 (V3 -1) .Jl dt 1 1 7 x 3 . 
"..,. ,'. 

1 
from graph; area = 2" (2 + 4) x 10 = 30 

ALITER: 
from graph 

P =0.2 x + 2 

dv 

or mv dx v = 0.2 x + 2 


or mv2 dv =.(0.2 x + 2) dx 

Now integrate both sides, 


10v 

fmv 
2
dv = f(O.2X+2)dX => v =4 mis, 


1 1 


7.20 	 (A) 

The speed of the water leaving the hose must be .j2gh if it is to reach a height h when directed 

vertically upward. If the diameter is d, the volume of water ejected at this speed is. 

3 
· ... "d' 1 d2 M::hh' kg

(A .v) = 4 
1 

n:d2x .j2gh 
m
s => Mass eJecte IS -41t x v2gl1 X P -. . 	 s 

· . . f' . .... '. ..... 1 2 1 d2 '(2' h)3/2 .
Th k	 this water leaving the hose =2"mv =an: x g x pemetic energy 0 	 =21.5 kW 

7.21 	 (A) 
From work energy theorem 
for upward motion 

1 
2" m (16)2 = mgh + W (work by air resistance) 

for downward motion ~ m (8)2 = mgh - W 

1 '. 	 ..: 
- [(16)2 + (8)2] = 2 gh or h=81Tl
2 

7.22 	 (At 
When 4 coaches (m each) are attached with engine (2m) 
according tQ question P= K 6mgv .............. (1) 
(constant power), (K beingproportiona!itycQnstant) 
Since resistive force is proportional to weight 
Now if 12 coaches are attached 
P = K.14mg. v1 ............(2) . 

Since engine power is constant 

So by equation (1) and (2) 


. 6 	 6 6x10 60 
6Kmgv = 14Kmgv1 => Vj = 14 x v = 14 x 20 = = 

7 
= Vj =8.5 m/sec

7 
Similariy for 6 coaches => K6mgv= K8mgv2 

6 	 3 
=> 	 v2 =a x20 = -x20 = 15 m/sec4 . 

e~onance.· 
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7.23 (D) 
Increase in KE =work dOr:le 

l' . 1 (2Fox~) . r 1F 
V2" mV':/-"2 mx -m ="2 (2Fo+Fo)3xo :::::> =poxo .:. 

2 m ' 

7.24 (C) 
Let m be minimum mass of ball. 

/' 
Let mass A moves downwards by x. 


\ From Conservation ofene~y, 


1 
mgx = - kx2 ::::) x =(~g)

2 

For mass M to leave contact with ground, 

, M 


( 
kx= Mg ::::) K(2~9) =Mg=> m =2' 


7.25 (B) 
[ 

\ W + W = Ak (on A)spmg 100N 

( 
10 ) 1

Wspring + (100) ( 100 =2" (2)(2)2

( 


W . = 4-10=-6J spnng 

\ 7.26 (ABC) 

/ 

~ Since ;W = JF, dr 
( Clearly for forces (A) and (B) the integration d,onot require any information of the path taken. 

J3(xi+YJJ ': ~'J xdx+ydy
For(e}: W = (2 2)312,(dXI+dYJ) = 3 (2 2)3/2 

( 
e X +y X +y 

" Taking : X2 + y2 =t 

2xdx + 2y dy = dt 

dt/2dt 3 I dt.,
=> xdx + ydy = 2" => We = 3 Jt3/2 ='2 e12 
which is solvable. 

( Hence (A), (B) and (C) ,are conservative forces. " 

( But (o) requires some ,more.information 00 path,. HenCe non-ccmservative. 
. . ...' '. 

'" 7.27 (ABCD)
( 

Free body diagram of block is as shown in figure. 

From work-energy theorem"
( =AKI;:Wnet 

or (40- 20)s =i 40
L s =2m2k~tc-
Work done by gravity is 9 


. -20 x 2=,- 40L . 
' 
and Work done by tension'ls 


40 x 2 =80 J 

(
'-. ilRE3sonance.~ . ",~,

".;<E:g,~c;ating for bett~r tomorrow ~"<,, 
C 
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7.28 	 (AB) 
If the springs are compressed to same amount: 

1 1 . .. 
W 	 = - K X2 •W = - K X2 •• KA>Ke ~WA>WBA 2A 'S 2 e . 


If the springs are compressed by same force. 


F21 	 _
-KA ' 2F F WA 2 KA KB 

. 	 -'X--' -- = F = KA XA= KSxB; XA= KA S - KB •I WB 	 1F2 == KA 
2KB·K~· 

Hence, WA <Ws 

7.29 	 (BC) 
(A) If velocity and acceleration are not in same direction, work done by force perpendicular to acceleration 
will not be zero. 
(B) If the object is at rest no force can do work. 
(e) If force is perpendicular to velocity work done will be zero. 
(O) If the point on the body has velocity component in direction of application of force work done will be 
non-zero. 

7.30 	 (ABC) 
U =3x + 4y 

Fy -(aU/ax)
a=-= =-3y 	 m m 


Fy -(aUf By)

a=-= =-4 ~ lal =5 m/s2. xm m 
Let at time 't' particle crosses y-axis 


1

then - 6 = (- 3) t2 ~ t =2 sec.

2 
Along y-direction : 

1 
Ay== 	 (-4)(2)2=-8

2 
~ particle crosses y-axis at y = - 4 

At (6, 4): U = 34 &KE = 0 

At(O, - 4): U == -16 ~ KE == 50 


1 
or 	 - mv2 =50 ~ v = 10 mls while crossing y-axis 

2 

7.31 	 (0) 
The maximum extension is non-zero, while the spring never undergoes compression. 
Hence statement-1 is false. 

7.32 	 (O) 
When frictionarforce is opposite to velocity. kinetic energy will decrease. 

7.33 	 (B) 
linear momentum is conserved only in horizontal direction. 

7.34 	 (A) 
Net F ~xt on system is zero in horizontal direction therefore linear momentum is conserved only in 
horizontal direction 

,~-....,..;...~ 
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, (.35 	 (A) 
/~. ~ . ,mXf71R?~2 .. ,.:~~.~~.(i) 

1 1 
- mv 2 + - mv 2 =mgh ....... (ii) " 
2 1 	 .2 2 

From (i) & (ii), 
v = 10ms-1•

2 
Smooth ground 

(1.36 	 (el 
Applying W-E theorem on the block for. any compression x : 

1_ ~ 4.' ~, , ~'" , 

1 ,,1 
Wex! + Wg + WSPring = AKE => Fx + 0 - 2 KX2 =2 my:!. 

=> KE vs x is inverted parabola. 

, 7.37{':· 	(A) 

Waxl ='F . x => linear variation 

(1.38 	 ,(e) 
From beginning to end of motion: AKE = 0 => x =2F/K. (from W-Etheorem)

( 
:. first half corresponds to 0:;; x :;; (F/K). ' => x :::; 2F/K. 
:. 0::; x ::; (F/K) 

(7.39, (A) P ; (8) P ; (e) s ; (D) q 

I 7.40 (A) s (8) q, t, (e) r, t (D) P, t 
Point J ~ Noequilibrium 

( K ~ Unstable eqUilibrium 
L ~ Stable equilibrium 

( M ~ Neutral equilibrium 

7.41 90 
( 

r 
\.. 

Change in velocity = area under F-T graph = 40+(-10) 
mass 5 

, 1 
6m1s => WF=DK.E.= 2(5)62 = 901 

(:7.42 40 

7.43 	 40 

Solltbns. (7.42 &7.43) 

C Assume 20 kg' and3(}kg blockrhovetogefher 

50 I20 kg 	 I
( 	 a =-

50 
=1'm/s2 ..r(force of friction) 

frictional force on 20 kg block is ( . . .", " ,( 
·Iaokg 	~F =50Nf= 20 x 1 =2Ct N 

( 1 ' 
The maximumvalue of frictional force is f = - x 200 :::; 100 N 

max 2 	 . ' { 
Hence no slipping is occurring. 
The value of frictional force is f =20 N. t- \L 
Distance travelled in t =2 seconds. 

C 1 
S =2 x 1 x 4 =2m. 

c 
Work done by frictional force on upper block is 

f 	 Wlri= 20 x 2 = 40 J\ .. 

Work done by frictional force on lower block is =- 20 x 2 =- 40 J. 	 1 

! 
' 

(. 
, 
" 
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7.44 	 10 
, For theblock of mass m2, not to move, the maximum compressionJn the spring x should be such thato 

! kxo=~m2g .... (1) 
A~plying wor~ energy theorem to block of mass m1 we get 

1 2' 1",2' "" ,
·-rnl u=-kx-·+II m gx2 ." 2. 0 r" 1 0 ••. , 

(2,) 

From equation (1) and (2) we get :... 

1 2
2'm1u 

1 22'2' 2 2 
~ m 2 g ~ m11112 9 

:::: 2 K +-'----'-K-=-=
, :'. 

putting the appropriate value we get u=10m/s. 

8. CIRCULAR MOTION ...'.::. 

8.1 	 (D) 
The maximum angular speed of the,hoop corresponds to the situation when the bead is just aboUt fo 
slide::upwards:.· . ' , ;, " 


The free body diagram ofthe'head'is 


Q D. (r sin 45°) cos 45° 


[J N 

45· ' 


. 'mg cos 45° + mO· (r sin 45°) sin 45° 
(mg Sin 45°) 

For the bead nat to slide upwards. 

mro2 (r sin 45°) cos 45° - mg sin 45° < ~N .................... (1) 

where N =mg cos 45° + mro2 (r sin 45°) sin 45° ..................... (2) 

Fr.om 1 and2we get. 


ro = ~ 30.J2 rad Is. 

8.2 	 (C) 
Let v be the speed of particle at B, just when it is about to loose cont~ct. 
From application of Newton's second law,to the.pa!1icle normaltothespheri<;:.al surface. 

2 mv _ • , 
.~. :- mg,sml> 	 .......... (1)
'r " 


Applying conse[llatianpLenergy as the block moves fromAto R. 

"',' .\ ¥' ~ ; ,/.:

1 ...,. 
22' mv	 = mg (r cos a 7' r sin p) .......... (2) 


Solving and; ~~ get ' 


3 sin p= 2 cos a 


8.3' 	 (A) 
As the mass is at the verge of slipping 


mg sin37 - ~ mg cos37::: mro2r 


6 -:- 81l ::: 4.5 


3 
Il =

16 

better tomorrow 

http:normaltothespheri<;:.al
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," SA 	 (8) 

As when they c~'lide vt +-i{;;;~)e":::iR=~vt 
:. t = ·51tR 


6v 


.: vt
Now angle covered by A =1t + , 	 R 

, 111t 	 ~-- ,G Put t :. angle covered by A =6 
(' 

\ 8.5 	 (e) 
The acceleration vector shall change the component of velocity UII along the:acceleration vector. 

2v
r=

an 

(' . Radius of cUrvature r . means v is minimum and an is maximum. min . 	 ,
\ This is at point P when com ponent of velocity parallel to acceleration' 

( 
vector becomes zero, that is lJ =(}; , . . 

lI 
\ 

u2 42 .. . 
:. R = ~ = - = 8 meters. 

a 2' 

( ".6 	 (e) 
X2 =4ay 
Differentiating w.r.t. y, we get 

dy _ x 
y( dx - 2a 

c 	 dy 
:. At (2a, a), dx = 1 => . hence e=450 

( 	 the component of weight along tangential direction is mg sin e. 

( . 	 hence tangential acceleration is 9 sin e= Jz 
C.7 	 (0) 

The nature of the motion can be determined only if we kn'ow velocity aMacceleratiorias function of time. 
Here acceleration at an instant is given arid not known at other times so D is the correct option 

C.8 	 (e) 
( 	

By energy conservation between A & B 
.... , 

2R 	 MgR 1 ~29R 
=> Mg 5 + 0: -5- +'2 MV2 => V:'T( 

.' R~CClS37: 

C vi _ 2gR/5 "" R : BI!:i •••.••• ', R.,terence fine 

Now, radius of curvature r =a; - gcos37 2 ~\9QJS37 .. 
t 
8.9 (0) 

C' Th.e friction force on coin just before coin is to slip wi~1 be : ·f = tis mg 
Normal reaction on the coin; N = mg

C The resultant reaction by disk to the coin is 

/ 	 2=~N2 + f2 = ~ (mg)2 + (Ils mg)2 =mg .J1 + Ilst 

\~ 
I: 	

=40x 10-3 X 10x ~1+ 1~ =O.SN 

a=2m1s· 

x 

{ta···1. ::'eSSq. anCE! 	 ..-,., >• ~t 
. ... ..~~~atin9forgfter tomorrow 	 '. ~: "",", .. 
C:<,·," . 
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8.10 	 (0) 

,a 	 e ' e ' 
'As 2T sin - = dm (02 r (for small anglesir'r,:,- '-4' ) ,,', 2 2 2 

. m 	
Tcos8/2E A~i ~ <_:_' ;0. Tcose/2butdm'= - e r 

l 
T T ' As l =2nr :. T =m(02r/2n 


Put m =2n kg (0 = 10 n radian/s 

and r = 0.25 m 


T =250 N 

8.11 	 (A) 
2

V

when he applies brakes S1 =-2
' ' 	 a 

2
V
 

if Jl is the friction coefficient then a = !J.g .• S1 ;: 2!J.g 


'22mv v 

when he takes turn -r-'= !J.mg r = Jlg 


then we can see r >5
1 
hence dnver can hit the wall when he takes turn due to insufficient radius of curvature. 

8.12 	 (A) 
As tengential acceleration a = dv/dt = (Odr/dt 
but (0 =4n and dr/dt =1.5 (reel is turned uniformly at the rate of 2 r.p.s.) 

¢ 
Ta =6n, Now by the F.B.D. of the mass. 

W
T-W= -,a 


9 

W


T =W (1 + alg) put a =6n 

T=1.019W 


8.13 	 (C) 

For anti-clockwise motion. speed at the highest point should be J9R" 
Conserving energy at (1) &(2): 

1 R 1 ' 

2'mv~ = mg"2 + 2'm(gR) 


=> 	 va
2 =gR + gR =2gR => Va =~2gR 

Forelock-wise motion, the bob must have atle~stthatmuchspeed 


initially, so thattl1e'string must not become loose anywhere untilit 

reaches the peg B. At the initial position: ' ' 
~ B ~", 1·' 

_mv2 	

S, •••• BobT + mgcos60~ = __c ' , 

R •••• ::.• ~l>'.... 
Vc being the initial speed in clockwise direction. 

For v

cmin 
: Put T =0; " " , 


3 " 

V -	
~g2R= !f9R=> 	 I - '-, 2c- V2 => Vc:Va - ~2gR 

=> vc: va =1 : 2 Ans. 

~esCJnance ". 
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8.14 (D) 

3R
lher bob of the pendulum moves ina circle of radius (R +Rsin300) = -, ' 

. " 	 2 

3R)' 2
Force equations: Tsin300 = m (2 co 

Tcos300= mg 

/---, 3 co 2R 1 

\... =:> tan300 = 2g = ..J3 

C; ~ 

=> co = V'3J3R Ans. 
C. 
- 8.15 (C) 

vrnin = ~5gR = .J5x10x2 =10 m/s 
~ 

8.16 (A) 
T cos a + N =mg ... (1 ) 

, and T sine = m{J)2 r ... (2) 
~, but T = Kx 
, T= 1.47 x 102 (0.1 sece-O.1) 

( 
'- (K = 1.47 x 102N/m) 

Also r = 0.1 tan a 

put T, r, m & co in equation (2) 

mg


" we have cos a= 3/5 and T = 9.8 N 

8.17 (C)
( 2 


T - mg sin a = mv
 
( R 	 --~--30~'-
"

3 mg _ mg sin300 = m.(u~ +2gfsih300) 	 \,. ' ' T=3mg=:> 
( f ····T· ' 

30·~· " 
= ~3g/2 	 . V mg. cb " 

( 	
uo 

'-.. 	 mg sIn 30· '~o.' 

(' 8.18 (8) 
When the acceleration of bob is horizontal, 

C net vertical·force on the bob will be zero. 
T cos a-·mg= 0 

( The tangential force at that instant is 

. mg(
" . = mg sin e =mg ~1-cos2e = T ~T2 _(mg)2 

/ 

Ii.. 8.19 (8) 
From length constraint on A8( 

a cos 45° = b cos 45° 
. a = bl 

I co 

mg 

, (fu' 'f~ ,,' Q 

T sin 45° = mea) mg  T sin 45° = mb 

C mg  ma = ma 

( 2ma = mg 9 
a= 2 

( 

\..... 

( 

T mg 
.J2=2 

mg 
T = .J2 

' . 	. . 

. " ....<,(~~ ..~
~.jfl~~!?QSn~~ 	 , ,=-_.• 
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8.20 	 (e) 

, ......... '" .' 4' ·2: .'C'''.'....' 


v= ~gRtane=> (20)2 == 10x 100 x tan e => tan e=10="5 => e:;;, tarr1 (2/5) 


8.21 	 (8) : ., 
.. In th~.frame of r'ing(inertial w.r.t earth), the initial velocity of 
the bead is v at the fowest position. v 

The conqition for bead to complete the vertical circle is, 
its speed at top position 

v ~-	 0 m 
top 

From conservation of energy 

2'21 
m V[op + mg (2R) = 2 

1 
mv or v= J4gR 

8.22 	 (A) 

IdVI = ~V2 +V2 2v2 cos60° 

=v 

IdV I _ '!.. = 3v 
2 v2 aj v2rtR 1t 

aav:= M" - t .~ a;=R = 1tR 	 aav = Rx3v2 3 

B.23 	 (A) 

tane = 	.R = e = 53° c 
Fnet is shown in the figure. So, tension will be max. 

at point A and will be min. at point B 


mg 

8.24 	 (B) 
For the ring to move in a circle at constant speed the net force on it 
should be zero. Here spring force will provide the necessary centripetal 

force. 


kx = mxro2 


{k 	 (300 
~ 	 Ans.ro =V-m ='IT =10 rad/sec. 

8.25 	 (B) 

m 
dT = dm(l' -x)ro2 dT = -.dx(l'- x)ro2 

I. 	 IOJ 
~ 

I. 
T 	 ll2 2 I T+dT. T 

I +3WH' 
~ JdT =-j m; (1.- x) dx 	 I 

I --?oId){~o 	 0 
I 
I 

M(~9) 

2 2]1I2 2mro x mro__ 	lx-= 	 = [; _l:]
l [ 2 o l 	 .". 

Tension at mid point is : 

3 	 3mlro2 3mlro2 

T = -	 mlro2 ~ stress = ~ strain = BAYB 	 BA 
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.8.26 (A) 

·mV.2 	 m\lZ 
,:- ~ : 

AtA 	 => N =mg+NA -mg = RA A RA 

m\l2 mV2 

and At B andAtC
NB = mg - RB 	 Nc = mg + Rc 

As by energy conservation 

RA <Re 

NA is greatest among all. 


C'~.27 	 (A) 
As N sin ex. ::: mg 

N cos ex. ::: mro2 r 


Nsina. 

9 
tan ex. = -2- :. P oc tan ex. 

ro r
( 


when ex. increases T also increases 
 , 
h 

" 

Also T2 oc r tan ex.
L but r = h tan ex. 


F oc h tan2ex.
( 
for constant ex. 

(' 	 Foch 

" 	 Thus when h increases T also increases 

(3.28 	 (ABCD) 

LetN be the normal reaction (Reading of the weighing machine) 


( 

2 mv 
at A => N - mg = - 

( 	 A r 

Put v :. N A - mg = mg => NA =2mg::: 2W 
(, 2mv

Also, at E, NE + mg ::: =mg
( r 

:. NE ::: 0 hence NA > NE by 2W 
Now at G, NG::: mg = W::: NcC 

NE NA =2C 	 Also -=0 and
NA 	 Nc 

(:8.29 	 (ABC) 

1 2
Between A and B mgL cos e ::: -mvB 

2 
( VB2::: 2gL case K ,A 

2v
( 	 Now a ::: --1l = 2g case 

r L 	 'L 

and at =9 sinSC 
a = ~r-'a-~-+-a-; = g~1+3cos2e 

C 
2 

c 
mv a,

Now, at B T - mg cose ::: __B 
B Ll 

Put VB => TB =3 mg case 

When total acceleration vector directed horizontally 


" 	 at gsine 1 .c 
tan (90 - S) :::. ~ = 2gcose = '2 tane 

On solving e ::: cos-1 1/.,{3 

esonance 
,,,.In;;'J;;;:'¥<;;..,,"·.,,,,,,,,,"",,,... 

" ._)
'.-~::: ,),/.';" 
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8.30 	 (AD) 
• 51t 	 51t 

For case: COl;:: 6 rad/sec. => coAff =6 rad/sec. 

a 


V 3.14 1t 1t 
coBl.G = R = T = 3' rad/sec. => COT/G =-6' rad/s~s (in opposite direction) 

;; 

41t 21t _ 51t +(_~) _ 
.. CONG =COAff + COT/G - 6 6- 6=3 rad/s . 

~ 

. 	 21t 1t 1t 
roNB ;:: roA - coB = 3" - 3' ;:: 3 rad/sec. 

1t 
and ONB = 30° = 6 rad/sec. 

1 
2 1t =~t+OUsing; orei = ro j (rei) t + '2 a rel t => 6 3 

=> t = 0.5 sec. Ans. 

8.31 	 (A) 
For conical pendulum of length .e, mass m moving 

along horizontal circle as shown . 

T casO ;:: mg .... (1) 

T sinO = mro2.e sinO .... (2) 


g 
From equation 1 and equation 2, .e casO = 2 

ro 	 mg 

.e cosO is the vertical distance ofsphere below 0 pOintof suspension. Hence if ro of both pendulums are 

same, they shall move in same horizontal plane. 

Hence statement-2 is correct explanation of statement-1. 


8.32 	 (A) 
(Moderate) Let the minimum and maximum tensions be T max and T min and the minimum and maximum 
speed be u and v. 

2 

. T -
mu 

+mg.• max-T . 

2 
T . ;:: mv 

min T -mg 

U2 V2)
:. AT= m[R R +2mg. 

,.-~,-:,. 

From conservation of energy 

2 2u vR-R =4g =>isindepenentofu. 

and AT= 6 mg. 

:. Statement-2 is correct explanation of statement-1. 


8.33 	 (8) 

VB ;:: ~2gLsino and Vc = ~2gL 

Ifvc=2vB 

Then 2gL = 4 (2gL sinO) 


'0 1 0 . 11or 	 sm = or =sm-
4 4 

esonance ..:/ 
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8.34 	 (B) 
Tangential acceleration is at ,= g cose, 
which decreases with time. a, 
Hence the plot ota versus time may be as shown in graph. 

t 

Area under graph in time interval t1 = VB -- 0 =VB 
Area under graph in til1;leintery?iI~:;::,vc "": vs,=Vil'r 	 ;'-

, , I ) t ..Hence area under graph in time t1 and ~ is same. 
A+-t,~t.,_,p

t1 < ~ ( 


C) 8.35 (B) 


IVa-vel =~vi+V~-2VBvC'sine= VB 


2 

" 
~ v~ + v~ -2vave sine = VB


ve= 2VBsine 


( ~ ~2g.e = 2.J,,"-;2-ge-s-in-e sin e 

Vc1 I 
sin 3e=

4 
(' 	 a= sin-' (±),13 => - sinS = (:)'" 
"

8.36 	 (B) 

Putting h :::; 0 and the values we have T :::; 164 N 


8.37 (B) 


( Putting h:::; 2R we getT = 144 - 5gR = 44 N. 

" 
 8.38 	 (B) 
[ 

R" 	 At e=60° , h:::; R - R cos 60° = -2 ~ Putting h = ~ in v2 :::; u2 - 2gh ~ We get the result. 
[ 
\, 

8.39 	 (A) r, t ; (B) q,s: (C) p; (D) q,r
C (A) F = constant and Ii x F'" 0 

Therefore initial velocity is either in direction of constant force or opposite to it. Hence the particle will ( 
move in straight line and speed may increase or decrease. When F and u are antiparallel then particle 
willcome to rest for an instant and will return back C 
(B) ij.F == 0 and F = constant 

C 	 initial velocity is perpendicular to constant force, hence the path will be parabolic with.!U>.eed qf partiCle 
increasing.

(, (C) ii·F =' 0 means instantaneous velocity is alway perpendicular to force. Hence th'espeedwi/l remain 

constant. And also IFI = constant. Since the particle moves in one plane, the resulting motion has to ( 
be circular. 

(. 	 (D) Ii = 2j ':"3J and a=6i-9J. Hence initial velocity is in same direction of constant acceleration, therefore 
particle mOves in straight line with increasing speed. 

( 
8.40 	 (A) q, (B) q, t (C) q, t (D) p, s· 

r v =2t2'-. 
Tangential acceleration at = 4t 

( 	 2 . . v 2~ 
Centripetal acceleration a = R = R 

C 	
c 

{ v 4t'\., 	 tan e = ~ _ 4tR RAngular speed (J) =R =R ' '. a -4t4 =13:7eta a c( c 
\.... 

IBIrees.onanc:e 	 "~w4.•C~(!j.Jcatli)g for better tomorrow 



A~~I'S .,l $olutions (Section-I: Physics) 	 ro 'lEE (Advanced) - RlUJ· ,C:Q 

. 8.41. (A) q,s ; (B) p,t; (C) p,t: (O) q,r 
(Tough) From graph (a) => ro = kO where k is positive constant. 

'. .dro ' .. ,., 
angular acceleration =ro de =kO )( k =k20 

angular acceleration is rion uniform and directly proportional to R 
(A) q, s ' . 	 . 

From graph (b) => ro2 =kO . Differentiating both sides with respect to O. 

dro 	 dro _ ~ 
2ro- = k 	 k is slope of curve henc~ angular acceleration is uniform.or'ro dO - 2de 

(B) p, t 

From graph (c) 


=> 	 ro = kt 

. dro 


angular acceleration = dt:: k 

k is slope of curve hence angular acceleration is !,miform 

=> (e) p, t 

Fromgraph (d) 

=> ro = kt2 


dro 
angular acceleration = dt = 2kt 

k is slope ofcurve hence angular acceleration is non uniform anddirectly proportional to t. Slope ofthe curve 

. dro 
is constant (can be seen in given graph) but ex = dt = 2kt increasing with time. 

(D) q,r 

(V.Ly u2sin2e 
8.42 R=--= 

a.L g . tJ::s'o,

Ans. 20m. 

7~.~T~/I 

8.43 5 

I· IB 

As a rod AB moves, the point 'P' will always lie on the circle. 
:. its velocity willile along the circle as shown by 'vp' in the ijgure. If the point P has to lie on 

the rod 'AB' also then it should have component in 'x direction as tv'. 
.. vp sin e= v => vp =v cosec 0 

x 1 3R 3 
here cosO = R = R . 5 = '5 

4 	 5 
sinO = 5 :. cosec 0 = '4 

- -vvp - 4 
5 	

Ans. x =5. 
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8.44 	 As the car travels at a fixed speed 1 mIs, hence tangential acceleration will be zero. Therefore, th~re 
willbe nocompc5rferitof friction along tangent. 

";0:':" :,: >. "rriv2 ", " , ,,' " , ' 

Case I ~ " IfMg > -- ; hence friction force on car 


r 

r' of mass m will be outwards from the centre. 

~ 

2 

T-Ilmg=-' " ' 	
mv

" , rmax , 

o Mg-Ilmg = ~ ..... (1) 
rmax

( 

2 


Case II : If Mg < mv ; hence friction force on car of
r' , 

mass m will be towards centre. 
( 

8A5 	 Distance travelled in climbing 4 feet is ~42 +32 = 5 feet
( 

So, distance travelled in climbing 16 feet will be20 feet 
x =20'feet ' -, 

x", 

10 =? 


8.46 	 The free body diagram of the block is N 

I .RI 

I 

tB-~ 
<f:'([j 

lcosa ~ro2(lcOsa)COsa
For block not to slide along wedge, 

applying Newton's second law along incline we get 


_
mg sin a =m 0)2 (l cos a) cos a 	 lsinal mg cosS + mol(fcosS)sin8 

( 
'-. 

0)= 

( 
-

~mg 

9. 	 CENTRE OF MASS( 

C 9.1 (8) 

Since L Fext =6 :. Momentum of system will remain conserved, equal to zero. C 
9.2 	 (8)C 

The line of impact for duration of collision is parallel to x-axis. 

The situation of striker and coin just before the collision is given as 
C 

coin striker
coin striker line of impact ( 

C ~I 	 .~ 
rest

( Figure (A) Figure '(8) 
before collision aftercoliision ; 

C Because masses of coin and striker aresqri'le, their components of 
, velocities along line of impact shall exctlange'J:fence thest'riker co'mes 

L to rest and the x-y component of velocities of coin are uand 3 mls as 

shown in figure.
C 

For coin to enter hole, 

III•• 


coin 

(~)-:r
u , /,' I 

,q i 
/ 3 I ' ~
 // .' :6 


_1S.1.:: ____1. 

y 

't • x 

{ 
'l 

its velocity must be along PO .. tan a = .§.. _ 	3 or u = 2 mls4-U 
(. 
\. 

C 
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9;3 (B) 

2R 
If we treat the train as a ring of mass 'M' then its COM will be at a distance - from the centre of the 

, 1t t,' 

circle. Velocity of centre of mass is : 


VCM ","RCM'ro 


2R 	 V 
.ro = 

1t 
= ~{~) (,: ro = R) 

2V 	 2MV 
=> 	 VCM =---' ,,=> MVCM =- 

1t 	 1t 

As the linear momentum of any system = IVIVCM 

The linear momentum of the train = 2MV Ans. 
, 	 1t 

9.4 	 (C) y 
As shown in figure the component of momentum of one •, .~'., 

shell along initi~1 direction and 10~Pl=20 ,, ,', '30~' ,,;i;";!,,'perpendicular to initial qirection are P1X =Nsand' P1~= 10Ns. - .,.~x, " 
For momentum of the system to be, zero in y-direction P2y must 10[3 '~ 

, be 10 Ns. 2nd part ofshell mayor may not have momentum in xwdirection P2y initial direction ' 
~ ofmotion of shell:. 	 P2min =10 Ns. 

9.5 	 (C) 
Let h be the height of water surface, finally 

al4 I 

a a a 
a2h =a . "2 . "2 ; h = 4 


a a) 3a 5a 
 h' 
:. C.M. gets lowered by a - ( 4 + '8 =a - 8 = 8 


5a 

:. Work done by gravity =mg 8 

1::7"~_-_-"'=y,__ . -:J~~ 

For 1st collision 
V1<i- _V2Since 

e =1; 
v =v1 + v2 

=> 	 V'z =V-V1 .. ~.(1) 
'By momentum conservation: 

me v = - me v1 + mc v 2 

or me v = -me v1 + 4 me v2 . c e( .. m = 4 m ) 

V1 +v 
=> 	 v'=-- .... (2) 

2 4 

"~";;"'~I' 
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3 2 
From (1) to (2) :v = -:-v and v =-v

1 5 . 2 5" 

For second collision: 

v3+- _V1' 

e=1 => v =v'+v1 1 3( 
\. 	 => V =V -V ' .... (3) 3 1 1 

By momentum conservation: 
- rna V1 = ma "1' :"'I1lA V3 

or -mav1=mav1'-4mav3 (.,' m =4 ma)A 

v; + V1=> V3= ······-4-	 .... (4) 

From (3) and (4) :( 

9 
=-vV1;= ~V1 	=%(~v) 25 

9 2 
Clearly 25 v < 5 v 

Therefore 'B' can not 'collide with 'C' for the second time. 
Hence; total number of collisions is 2. 

\. 

(9.8 	 (B) 
Force on table due to collision of balls:" 

( dp '. 
Fdynamic =Cit = 2 x 20 x 20 x 10-3 x 5 x 0.5 = 2 N 

I' 
\. 

f' 	
Net force on one leg = '41 

(2 + 0.2 x 10) =1 N 

'" 
(~.9 	 (D) 

( , 	 V(m/s} 

1.0. • • • • •• • • • • 

- - - _.. ~-

S..... 'r.~:""''''''~--
. -R ---------oj' - ~ • - - -. - - - •• 

0.81 	 ~ • - .. -/- .. ; ........ .

( 

( . O.2~ 
l' 2 3. 4 ~t(~) 

(i) Since, both have positivefihaJvelocoti~, hence, both moved inthe Same direction after collision. c 
(ii) at t = 2 sec, both had equa,lvel6cities. 

(
'- ' 

(iii) by conservation'of linear tnomentum, we can say thatmass of R was greaterthanma~sQfS. 

C~·10 	 (D) 
By conservation of linear momentum along the string, 

C , . 	 u 
mu =(m + m + 3m) v or v = '5 

( 

and impulse on the block A = 3m (v - 0) = T3mu 
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9.11 	 (A) 
Let the three mutually perpendicular directions be along',x,Y and z-axis respectively, 

Pl =mVol 

P2 =mVoJ where. 2'1 
mvo 

2 
= Eo 

'·r·--' 

P3 mVok and P4 =mv p 


By linear momentum conservation, 


0= Pl +P2 +P3+P4 

or 	 v :",vo(l + J+1<) or . v = VO~12 +12 +f =voJ3 

1 2) 1 2total energy = 3 :-mvo +-mv = 3E + 3E = BE( 2 2 0 0 0 

9.12 	 (C) 
Let v

1
• v2 and V3 be vel~cities of-blocks 1.2 and 3 after suffering collision each. 

mv = mv + Mv and v - v = - v ' 
1 2 1 2 

m-M 
solving we get v

1 
= -M' < 0 .: m<;M, ~V1 ~~2m+ 

( , 

M-m 	 \ 

I _V .... (1) .. IV1 	 - m+M 

2hw 
and v2 = m+M 

.< -. 
2m 4Mmv 

Similarly v = --.X V = ... (2) 
3 ,m+M 2 (m+M)2 

4Mmv 

.. M+m (M+m)2 , 

or 	 M2- m2 = 4Mm. 

M ;; 2+..Js Ans. 

m 


9.13 	 (D) m .. .Vv=o ~., .. ~, ' After collision by momentum conservation: 
Along y~axis 	 ':::!....f. Lx", 1. 

O=O+inv s'ine-mv3siM " 	 Q, "A·.'~·::.~:.~·....:....~' 
2	 m..,.,.~'·'··' 

=>V2=V3 	 ,rr1...,·':V3
Along x..:axis', , 

mv = 0 + mV2 case + mV3 case 

mv = 2 m v2 case 


v 1 ,()v =--
2 2 case 

v 
so 	 coss <1V2=V3>2 

".~ 'C 
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(1.14 	 (C) 

Jdp=;Pf-P~ = JFdt=Areaunder:Jhecurve. 

Pi= 0 

NetArea . = 16-2;...1 = 13 N-s 


Pf 13 _
M = Vf =""2 =6.5 i mls 

(.. 	 [As momentum is positive, car is movinS] along positive x. axis.] 

0.15 	 (C) 
\{ 

During 1Sl collision perpendicular component of v, v1. be

comes e times, while lind component VII remains' un;;; 

changed and similarly for second collision. The end result 

( is that both VII and v1. becomes e times their initial value 
" and hence v" = - ev (the ( - ) sign indicates the reversal of 

direction). . 
V· (after 2'" collision) 

~ .( 

'--",.16 	 (D) 
It can be shown that 

( 	 Ko = Kem + ±MVem2 where M is the total mass of the system and Vem is velocity of centre of mass with 

respect to ground. 
Due to internal changes ~m can change but Vem will remain same, Hence only KCM portion of kinetic energy 

( can be transformed to some other form of energy. Thus 0 is the wrong statement. 

CQ.17 	 (C) 

n(5)
For first collision v = 10 m/s. 	 = nl2 sec.c 	 t1 =10 

, 	 velocity of sep = e. velocity of opp.
\,. 

1 
( 	 V2 -V1 ="2(10) => V2 -v1 =5m/s 

for second coUision( 

2n(5) = 2n( t2 = 5 

( 	 5
total time t=t+t2 =n12 + 2n t = - n

2 

C.18 	 (8) 

Just before the particle transfers to inclined surface, we resolve its velocity along .andnormal to the plane.( 

c ~. 
~~IJJIII}jml
Anerimpactc 

For the trajectory of the particle to sharply change from the horizontal line to tl:1einclinedline,the impact of 
the particle with inclined plane should reduce the usinO component of velocitY to zero. Hence the particle( 
starts to move up the incline with speed u cosO. . 

{ Hence as 0 increases, the height to which the particle rises shall decrease. ~ 
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9.19 	 (B) 

Friction force between wedge and block is internal i.e~ Will not change motion ofCOM. Friction force on 
the wedge by ground is external and causes COM to move towards right. Gravitational force (mg) on 
block brings it downward hence COM comes down. 

9.20 	 (ABO) 

U>U>U>U 


Q S P R 

..' M > M > M > M and CM of cone is on smallest height 
Q S P R 

9.21 	 (CD) 

Since, F ext = 0 . 
Hence, momentum will remain conserved equal to mv. 

• mv 
mv =(m + M) v' or v = 

m+M 
. '. 2 

2 2m v
and final kinetic energy is ~ (m+ M) V'2= ~(m + M) (m:vM) = 2(m+M) 

9.22 	 (BC) 
in an elastic collision Ulwan 

sep app 	 mv =v or 	 v' - u =v + u .-.. v .. . 
or v' = v + 2u 

change in momentum of ball. is Ipc Pil 


= lm(-v') - mvl = m (v' + v)=72m (u + v) 

Ap 2rn(u+v) 

average force = Tt = At 


change in KE =Kf - K. = .! mv'2 _ 1 mv2 
12 2 

9.23 	 (ABCO) ,,,,Impulse (J) = AP = mv sin ~ - m(-u sin a) 	 , eusinO 

= m(v sin ~ + u sin a) = m(Vsep + Vapp) "~UCOSEl 


= m (eVapp + Vapp) [e = ~sep] = m Vapp (e + 1) 

app 
 ! ~u 

usin8J =m(u sin a) (1 + e) 

In horizontal direction, momentum is conserved: 


ucosO 

u cosa = v cos~ or v = cos~ 


Vsep v sin cp tan cp 

or e=--=--=-- or tan ~ = e tan a 


Vapp 	 usinG tanO. 

. rt' Id' t· vsincp 	 . '" . £)
In ve Ica Irec lon, e =-'-0 or v Sin 'P = eu Sin v,

uSln 

v= )(eUsina)2+(uCOSa)2 = u ~e2sin2a+cos2a => V=U)1-(1-e2)sin2a 

final kinetic energy = 1" mv~ 

i 2initial kinetic energy = mu

2v
ratio = -2 = e2 sin2 a + cos2 a 


U 


-]~esonance 	 )I("'~.;au~atiJ:!g for better tomorrow 
""--"',/w:::7"'''':·' '_":-" ". 

,,, 
!, 
I 
I, 
'ucosll 
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9.24 	 (CD) 
~pJ1e,r~.A.rnovin.g~i!b ve.l<?ci~yV has a component v/2 along the line joining the centres ofthe spheres 

• ".' '" '.- .. .h'", .W·'A, ".'. • •• _ .~,••'".,. ':""_"'~'> .,~». ,"._ ,. .'~~, ~ > .~ ,_•• ' t. _ 

at the time of collision and another component v ..[3/2 perpehdicular'tothe previous direction. After 
( 	

collision the component along the line will interchange Le. B will move with v/2 velocity i.e. 4 mls 

along the line joining the~er')tre..s ;cmd, Amoves with.y.J3 12.velocityat perpendicular direction to R 

(: 9.25 	 (C) 
For a system of two isolated sphere having non zero initial kinetic energy. the complete kinetic energy 
can be converted to other forms of en'ergy if the momentum of system is zero. This is due to the fact 
that for an isolated system. the net m:dmentum remains'conserved.lf an isolatedsystenn,asnonzero 
momentum, for' the momentum to rerriafn constant complete kinetic energy of the system cannot 
become zero. Hence statement 1 is true while statement 2ls false. 

9.26 	 (C} 
Statement-2 contradicts Newton's third law and hence is false. 

\ 
/ 

9.27 ~ . 	 . 

For sum of three non null vectors to be zero. they must be coplanar. Hence Statement-2 is a correct 
explanation for Statement-t. 

( 
9.28 . (0) 

( 

\ During colision KE of system is not constant, hence statement-1 is false. 

( 9.29 (C)


" (a) The acceleration of the centre of mass is 

( 
, 	 F 

aCOM = 2m 
( The displacement of the centre of mass at time t will be 

1 	 . Fef 
\. 	 x = - a ,t2 = - Ans.

2 COM4ni' 
( 

" 9.30 	 (A) 
For explaination see 8.39 solution.C· 

9.31 	 (D)
( Solutions (9.29,9.30', 9.31) 


Suppose the displacement of the'righfblbck is x1 and that of the left is x • Then,
2

x = mX1 +mx2 

2m 


( Ft2 x1 +x2 	 Fe 
. or 4m =-2-·- or, = 2m .................. (i)
x1 + x2 

Further, the extension of the spring.is x1- x2• Therefore, 

- x2 =xo ............... (ii)
L 	 x1 

From Eqs; (i) and (ii), x = ..!. (Ft2' + X )C 	 122m' 0 

1 [Fe )and 	 x = 2' 2m -'- Xo Ans.2 

C 9.32 (C) 

t From conservation ofniomentum 
mv = mv' cos30° + mv' cos30° 

{ 

~. 	 v v 
v' = 2cos30· - .J3 

http:spring.is
http:9.29,9.30
http:remains'conserved.lf
http:with.y.J3
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."'~ .~ . .'.:;,9.33 	 (0) 
. 	 ... . 

2 ,: 

, LOss in kinetic energy = ..!.mv2 - 2'x 1m ~,).=..!.mv2~~
',' 2' '2 ( ..[3:'·6 

aM 	 (~ , . 
Initially B was at rest, therefore line of impadig al6ngftmill VelbcityofS. 

v. line of 
1 v· .,. ,C'.imppct",30' .

v'-v'CQs60° 1..J3 1 ~o .. --
B
..........J.. ;;. ... 

:. e::: Vcos30 , ::: 13 3 A :~ 30' 

Vx- A., .' 


2 	 Vi 

9.35 	 (A) 
Taking '0' as the origin; 

m(O)+ 2m(l) 2f ~.;L::===-r== 
XCM(i) = 3m =3 	 : J! ~ 

x _ rn(x)+ 2m(x + 3f) 

and 
 CM (I) -	 5 0:

m+2m 


As L:F)( = 0 => XcM(i) =Xc~(f) 


4l 	 -37/5=> 	 X = 15 Ans. 

9.36 	 (C) "" 
By momentum conservation: (In horizontal direction) 

mV1 =2mv2 


& by energy conservation: 


, 121 2

2 mgl::: -mv1 + -2mv2 

2 2 

1 (v )2 3 ("i39i'
=> 	 2 gl::: 2V~ + -t => 2g1::: 4' v/ =>v1 =~T. 

9.37 	 (8) 
From momentum conservation '-I¥- ~ 

O=mV +2mVBr	 ....... 

Energy conservation 	 m 

ring
m/ 

1 1
2mgl::: - mV 2 + - mV 22 r '2 B 


Solving above equations, we get 


_~891 - _.1. 18g£
Vr -	 3 ,VB - 2V 3 

. Relative velocity of block with respect to ring is "~ ~8r . -tN-
Applying newton's law equations on the block 

(2m)[~~89l)2 
T _ 2mg = 2 3 ' T= 14 mg. Ans. 

l 

"'.""'....
·'L., [ " """'''''''-=-,-"--'-...'. 

.. '. '--... \--'~""'- ~•
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rQ.38 

f ~. 

( 

(}39 

( 
\ 

( 

r 
\, 

(,Q.40
" . 

( 

( 

( 

( 

( 
\, 

( 

c 
c 
( 

{ 

'-.' 

( 

I( 
'l 

c 
( 

C 

l 

(A) P (B) q (C) p,r (0) q,s 	 . 
(A) If velocity of block A is zero, from conservation of momentum, speed ofblock Bis 2u. Then K. E.of 

. block B::: im(2u)2= 2mu2 is'greater than net rnechani~a; energy ofsy~tem.:.Sinee'tnisisnotp,ossible, 
. . 


velocity ofAcan neveri:)ezerq. .: ,>. . ',. ," 

(B) Since. tn itial velocity ofBis':Z:,~rpiit:~h,a.11 ,be::z:~ro,f()r 1Tl~:my..9tt:1!3r,h1stantsoftJm,~. " 
(C) Since, momentumofsyst~m'.i~:.non-zerq,KE:,of,system cann,pt be, zero. ,Also KE of.system is 
minimumat maximumext~nsion9{spring.. " '. '", ' ',.' . ,'.", .' ". 

(D) The potential energy of spring shall be zero whenever it comes to natur91.lerigth. Alsq P.E. of spring 

is maximum at maximum extension of spring. .' .... '. . 


(A) p,r ; (B) q, S ; (cyp,s ; (0) P,S' 
A- p,r,t 
~F= 0 
So, linear momentum conservatio.n and centreof mass.will n()t move. 

B-q,s 

So, linear momentum will not be conserved and centre of mass will accelerate W

ext 
= liE. 


C -	 p,s,t . , ." , . 

D -	 p,s,t 

(A)s ; (B) p,q,r,s,t ; (C) p,q,r,s,t ; (Orqr,s,t 

Line of impact . 
I 

(p) //7/N/~ 
(A) 	 Normal force from ground lies along line of impact. Hence (A) is not answer. 
(B) 	Since no external force act perpendicular to the line of impact. (B) is an answer. . 
(C) 	Horizontal direction is same as direction perpendicular to the line of impact. (C)is an answer.. 
(D) 	Normal implse from ground lies in vertical direction. (D) is notan answer. 

(A) 	The component of normal force from ground lies along the 'line of impact. Hence not an answ~r. ,.,. 
(B) 	No external force perpendicular to the line of impact forA '. . .' ',. . . 
(C) 	For the system A+ B there is no external froce'~loQg.h,6ri;zonlcll~,irectiori.H~ricean ,ansvver. 
(D) 	For B the normal force from ground is baianced by fheimpulsiveforce by A. Inl~~j~h<l final rromentum 

is zero. Hence an answer." 'e'" ,;" 

~...I~!.~.e of impact.' 
(r) 	@i' 
(A) The component of tension force qfthr€laq li~s ~I.qrig th~.. lh1e ~fjmpact. Hence: not an .answer. 
(B) No external force perpendicular to theline'of iinp~ctforA. •. '. .' ....: ". , '. ".. '.' , 
(0) For system A + B there is no externaffroce along hdrlzontaldire'ction. H~Hce an aiiswer. 
(D) For B the tension force from thread is balanced bX the impulsive force byA. Initial and final momentum is 
zero. Hence an answer. 

--+ <if-

(s) Line of. •• ~••. 
, Impact 	 . 
mn~n 

(A) & (C) are the same direction and there is no extemal force for the system A +B. Hence answer. 
(B) & (D) are the same direction arid there is no net fbrce.forthe'sYstem A +<B. Hence answer . 

.... ,::. 
c 

http:ofBis':Z:,~rpiit:~h,a.11
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+- ' 
... ~ ••.Lineof 


. ',' (t)'j)}j/;i;;~w)j/~mpact 


(A)The componentof normal force from ground lies along .the line of irnpact. Hencanbtan answer~' 
(B) Is answerbeeause"tnEfnormarforce from the ground is balan'redJorA Herlcean answer. 

~(C)For the system A" B there'is no external froce'along 'hofizorifaidirection., Hence'an anSwer.' 

(D) For A the normal force from ground is balanced by the'impufsivefor6e by B. Initial and final momentum is 

, zero. Hence an anSwer. ' 

9.41 S 
....r,.r,'~. 

The initial extension in spring is Xo = :9 
Just after colli~ion of B with A the speed of combined mass is ~. 

For the spring. to just attain natural length the combined mass mus't rise up by Xo = :g{sec fig.) and 


comes to rest. 

Applying conservation of energy between initial and final states , 


1 v 1 mg -- T1 ","I.1,,",~of_mg()2 ()2" 2m ( )2" 2 
+ 2" k T =2mg T 

W21J;);_:r~~::Wloorty -0 . 

jsmg2 

Solving we get v = V-k- initial state , 

Alternative soiution by SHM 

~ = ~' ~(2~gf (:gf v =~ 2k ~ 3m"g' - ~ 6mg 
2 

= 6 m/sec
k2 - km 

9.42 2 
Force Fonplate =force exerted bydust particles 

= force on dust particles by the piate 

= rate of change of momentum of dust particles 

=,lT1a~s ofdust particles striking the plate per unit time)( change in velocity of 


, dust particles.' ' , , , " 

= A (v+ u} p )( (v ... u) = Ap {v + U)2 Ans. pA(u + v)2 

9.43 20 
Maximum compression will take place when the blocks move with equal velocity. As no net external 
horizontal force acts on the system of the two blocks, the total linear momentum will remain constant. 
IfV is thecommQn'speed at maximum compression, wehave,' 

(1kg)(2 m/~.)= {t kg)V + (1 kg)V or ' "" =' 1rn/~. 
! 
,~

Initial kinetic en~rgy = i (1 kg) (2 m/s)2 = 2. J. 

Final kinetic energy = i (1 kg) (1 m/s)2 + ~ (1 kg) (1 m/s)2 =1J 

The kinetic energy lost is stored,as the elastic energy iri the spring. 

, 1 ' , 
Hence' -IlkO N./m) X2 = 2J - 1 J =1J,· 'or ,x=O.2 m. " 2'\'" , 

c 
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,.;!, 

: .~;"25 

~' ",<, .'.,,;' 

Initial state ' final slate 

; (flQure-1) 
{' Let u and v be the speed of wedge A and block B at just after the block Bgets off the wedge A. Applying 
' conservation of momentum in horizontal direction; we ge~::',·· ,I 

() mu =mv ..... , ...... (1), " 


Applying conservation of energy between initjal and final state as shown in figure (1 ), we get 

.. I'"' • . '+ ." -, ••~ " ; ,.', 

1 1\, 
; . 

mgh = mu2+ -mv2 ............. (2} 

2 2 


solving (1) and (2) we get 

/' 

v= J9h ,' .. ~." ......{;3) '.'" . " , .". ,~,: . ., '" 

At the instant block B reaches maximum height h' on the wedge C (figure 2), the speed of block B and wedge 

C are v'. , , ' 

Applying conservation of momentumin horizontal dirEictic)h/we'gef 

mv = (m + m) v' ............. (4) 


( 

Applying conservation of energy between initial and fiMlstate; 

1 122 mv = 2 (m + m) V'2 + mgh' ............ (5) 

( 

\ 
Solving equations (3), (4) andeS) weget 

(, h 
h' = - = 25cm Ans. 

( 4 
\. 

9.45 5 
( . 1

SInce e = 
5

( 
F· I fl' v cos 37° . . Ina normal component 0 ve OClty = 5 

As the angle of repound is equal to the angle before impact. 

Therefore, bbfhricirmal'& tangential components of velC?,cities must change by the same factor.
c 

, .. vsin37° 

Tangential velOCity after !,mpact becomes 5 .'
c 

Let the time of impact be At. 
( ° VCOS37

0 
)m vcos37 + 6mvcos370 

N = 5 = ----,- 
At . 5At


( ( 

where N is the normal force imparted on the ball by the wall. 

c 
 S Ilmvcos31-° 

Frictional force =IlN = . 5' . ,. 

i v51037' - V5i~37'J' 
( Also frictional force = 

~l:~ '~'-('~:~',":'~ "At:, " 
0J ° vSin37 ] ° ' ;';'lv sin 37 - 5 ' =,:JlmV~S37 ~ _:",2". , , 2 3 1 

( ~=-tan37° ~ ~ = -'-.'-'- = - Ans.
3·,:, . ,.,,;.:<:3; 4, 2 

At 

-V' 

;;:,,; 
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10. 	 RIGID BODY DYNAMICS 

10.1 	 (B) 
The given structure can be broken into 4 parts 

2 	 ,4 . For I = IeM + m x d2 == ml + 5m £2AB.: 	 1AS == "":'m12 

32 12 4 
m£ 

For 	 BO:1 


For composite frame: (by symmetFY) " 


1 == 2[1 + 1 '~'2['4mt'6i+ m.e
2 

] = 10m £2 "]' 

Ill••'" 

o 

B c 

~ 00 
J" 

3 3 3 . 

10.2 	 (D) 

Vrel.) vrel. bringthevelbcity of one point w.r.t. other. rorod = ropoint = (-r-" ': 
'."'";' ;•. :-" :".--" 

3v vb' h' b h 2v = rand 'r' emg t e dl~~c;tnce,e\:I.Veent ~m· :;: r 

10.3 	 (D) Given , 
aA = 2 ex. = 5 rnls2 " ex. =5/2, radls2 "'9aB ·=.t.{ex. ) =5/2 m/s~ " 

10.4 	 (e) 
Immediately after string connected to end B is cut, the rqg h~s tendency to rotate about point A. 

Torque on rod AB about axis passing through A and normal to plane of paper is 

m.e 2 £ 	 39 
3 ex. == mg '2 => ex. = 2£ 

Alternative 
LL1LLf1L1U

Applying Newton's law on center of mass 

mg - T ==ma ..... (i) 


Writing t = lex. about center of mass T 


A I· ~; B
'T!...- me?; .::';iH) 	 mg2 -12« 

£ 
Also a = 2 ex. 	 .... (iii) 

3g
From (i) , (ii) and (iii) ex. = 2£ 

- -:-: . -~ ""; 

10.5 	 (D) 
As the inclined plane is smooth, the sphere can neverfollrather·,it will just slip down. 
Hence, the angular momentum remains conserved about any point on a line parallel to the inclined 

plane and passing through the centre of the ball. , . 

10.6 	 (D) , 
As Et = 0; Angular momentum, linear momentum remains conserved. F == 0 Linem momntom will re ;' 
main conword \.. 

, As the tW() balls will rn()x~ radially out, t chang'es"n order to keep the angular momentum 
(L =lro) conserved, anguiarspeed (ro) should change. 
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0.7 	 (<:) , ' 
If the track is smooth (ca'se A)," onlylranslaticiMi kinetic'energy cnanges' fo the gravitaHoh,:lI potential' 
energy. ' ,)",,~":~>j2' Xib',"'::-, ,"', ",~,,:.\', f 

But, if the track is rough (case B), both translational and rotational kinetic energychanges,lo potential 

energy. . ';,' ", , 

Therefore, potential energy (=mgh) will be more in case B than in case A. 

Hence hi > h2 ' 


" 

,-10.8 (<:)' ,
1..,/ ' 	 . >,.-:, 

(velocity)2 = (2V)2 = 4R 

() Radius of <:urvature =:: Normal Acceleration v2/R 


.0.9 (B) 

Va
Here U =Va' roo = - 2R 

( At pure rolling 

: 't, " Ff.RV=Vo-(~)t & V= VO+(~)t (In pure rolling V =Rro) (a::; 1= mR2 )R 2R m.R 

Va 	 V 
=> Vo-V=V+ - => 2V= Vo V =...Jl ,Ans.. 	 42 2( 

10.10 (B)

( 
 The two forces along y-direction balance each other. 


Hence,the resultant force is 2F along x-direction 

Let the point of application of force be at (O, y). 

(By symmetry x-coordinate will be zero).' 


( For rotational equilibrium: F(a) + F{a) + F(a + y) --F(a - y) =0 

=> y = -- a Hence (B). 


( Alternate: 

Torque will only be produced by the two forces alongy-directioninariti:":Clockwise'dlrection.To balance 


( this torque we should apply a force 2F in order to prodiiCea torque in the clockwise direction, which is 
only possible if we apply a force at a point below the x-axis. C 
Then T:;: F(a) + F{a) + 2F x Y= 0 => y =a 

(' " 

c 
\~10.11 (B) 


Let m1 =mass of the square plate of side 'a' 

and m2= mass of the square of side 'a/2' 


c 
Then = o-(~r ; mz = o-(af ; (0- being the areal density) m1 

and mz - m1 =M. 

4z 
1= mza _{m1(a/2)Z +m1(~)2} ,= o-a _{0-{a/2}4 .+0-(~)2.(~)2}

=> ,6 6, " ,4> " ',.::6 6" ,", 2 '. 4 . ' c 

, 

4{1 1 1.}c = o-a 6- 16x6 - 4x16 

= 	o-a4 '{(2X16)-2-3} 
',', ' 16 x12 c· ',' {27}
41= o-al 	 12x16 

4M 	 22 	 4 M) ,4'{' ··27 '}' => I =3Ma1= --.8Arso; M = 0-(1-±) a => cr= -3~ ::::;., ( 3 a2a . 12x16 16 

c 

http:alongy-directioninariti:":Clockwise'dlrection.To
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10.1"2 (D)' , ,.,' 
,As·thediscis,:inqql1;):bJned roJa.tJon and,trarlslation, ~ach point h.a~H3 ta,ngential ye~ocityand a linear 
velocityi~thefo~~rddi;ectiOn. " ... , ,,' ',' '"... '" , 

. ,",' .~From figure>:-:"" ,,,,~, " . ' 

~net (for lowest point) = v - Rm = v- v = o. 
';",:' (1R2 2v v 

and Acceleration = + 0 = 
R R 

v=Rm " 
(Since linear speed is constant) 

";,,;-~. ~ '·'\:;_·:'~:i,:"·~.J. ;y-:" "'J:;,'n.:..; 

10.13 	 :<8),:... 
f= 4 ma .. :. (1) 
(mg - f)r = (3 mr2+ mr2) a. 
mg-f=4ma .... (2) 
from (1) and (2) 
=> a ma =mg 

;~ a=1! .=>, ct = ,g,.., ' . a ' 'ar 
·1 

10.14 	 (A) 
The tendency oflotating will.be about the pont C. i= A 
For minimum force, the torque of F about C has to 
be equal to the torque of mg about C. 

mg
:+~l =mg(~l => F =".[3 Ans.. 


10.15 	 (D) 
As torqUe = change in;angular I11Qmentym... 
:. .F.~t=mv " ' (Lil'lear,) ..... (1) 

2

( I.) m.eand F . '2 At = 12' (i) (Angular) ..... (2) , 

Dividing: (1) and (2) 

12v 6v 

2= => m =1.
ml. 

Using 	 : S =ut : 

(6V)
Displacement of COM is : 1t
2 =mt == T t 

and 	 x = vt 

2x -.e itt 1tt ,.e J'Dividing - = 6 => x =12 => Coordinate ofAwill be ; [12+'2,0' Ans. . 	 1t 

10.16 	 (A) " .' ,'. 
MomentOflnertia..of the rod:~boutw. r. t. the axis through 
centre of'th~~~j~Y:JJ()~he;plans line is : (by parallel axis theorem). 

. !, ' .;~ , . " .,- '. 

mLi :':;::: 
1= --+mR2

\;12 ':'" .' 

1 . 2 
'2
1 mro2[ 2 L2],'i.,& K.E. of rod disc=.21m • = ". ~,' : 1,2 . Ans. 

.:' ~::'. 
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10.17 	 (C) 
At the initial moment, angular velocity of rod is zero. . 
Acceleration ofend 8 of rod with respect to end A is sho~rl iliffgure: 
Centripetal acceleration of pOint 8 with respect to A is zero (',' 002£ = O) 
So at the initial moment, acceleration of end 8 with 'res~ed' .' 

to end A is perpendicular to the rod which is equal to ~a2 +b2 

arel = £ (l 

2c) ~a2 + b h . I I t' .=(l W er:e (l IS angu ar acce era Ion 

10.18 	 (A) 
By conservation of angularmomentum about pivot 
L=Ioo 

2 2
mvd [mdf md ) .d [Md (d)2] => --= '-'-+-'- romv2' = i2+m2' 00 2 2 4_ . 	 ." \. 

( mvd _ ~md2oo ~~=oo , 2-- 4 => 3 d, 

10.19 	 (8) 

The magnitude ofangular momentum of particje·about 0-::; mVd 


. !0 . JEE (Advanced)"RRB GQ 

' .., .._' .... 

' 

. 'Since speed v of particle increases, its angular momentum about 0 increases. 
( Magnitude of torque of gravitational force about 0 = mgd => constant 

Moment of inertia of particle about 0 = mr2 

I Hence MI ofparticleaboutQ decreases. 

, 

\. 

.. v~ne 
\. 
( angularvelocltyof'partlcle about 0 :::;: -.-r-"' 

7 .,' v and sine increase and r decreases . 
\.. 

.'. angular velocity of p~rticleabout 'Oihcre~s~~. 
( 
\. 10.20 (8) ......, 

As the normal force exerted by horizontal surface passes through pointB,externaltorque on the ball (
'-.-' . . . .' .'........., ...·,i.,·.dL 


is zero about point B. So angular momentum of ball is conse'rvedaboutpOihfBl',':C:::'dt )

C 

10.21 (A) . ' . . 
C From conservation of energy, the kinetic energy of ball at lowesfporl:ion'is(v = spee.d,Of. centr,e of ball)c 

( 12122 	 72 
-mve 	+ x-mvc =mgR or -mvc = mgR
2 2 5· 10 

( Since net tangential force on sphere at lowest pOinHszero,' ~eff9tt{orisptfere·~ti~We~t position is 
':";"':' 

C - mv~ =~rng upwards 
- R 7 

( 
10.22 	 (8) 

Moment of inertia of semicircular: .portions about x and y aXes are same. But morn~nrof inertia of 
straight portions about x-axis is zero. . 
.'. 	 I <I x y 

c .or <I 
Iy 

c 

tomorrow 
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10.23 	 (A) 

m2g. 1 = m1g.3 -7 =3m1
m2 


-7 4m1g . 3 = m3 g -7 r.n3 = 12 ~1 


-48,'" , .. 

. -716 m1g. 3 = m4 g -7 m1 ='~8i::,j.,k9! 


10.24 	 (8) ! ; 

2 
Tr =mr 	 .......... (1) 
20.1 

T . 
mr2 

Tr= a 	 .......... (2)

2 

0.1 = a .......... (3) .~~. 

From(1) & (2) 

ace" . of point b =ace" of point a 

T 
a"" 


ra 1 =a -ra .... ,:.... (4)
em
 

Hence 2 r a == acm Ans. (8) 


b 

10.25 	 (0) a 

As the sphere rolls up its speed is decreasing and while 
rolling down its speed is increasing. Hence the 

01 )
acceleration of its centre ofmass is down the incline and 

iis thus always negative. Thereforethe correctgfaph IS, 

10.26 	 (C) 

.~ 	 . 
The direction of L is perpendicular to the line joining the bob to point C. Since this line keeps changing its 

~ 	 ~ 

orientation in space, direction of L keeps changing however as 00 is constant,niagnitude of L remain 

constant. 

Aliter: The torque about pOint is perpendicular to th~ angular momenJ\Jm v.ecloraboUt paint C. Hence it can 

only change the direction of L, and not its magnitl.lde: 


10.27 	 (D) . ' . 
(Easy)Let the angular velocity of disc after child jumps off, be 00' 


:. F rom conS(;;l9'~tion,o(angular momentum 

(I + mR2)ro= mvR +100'" - .' ,. 


, {I+mR2)oo-mvR 
:. 00 =::': ..··'~I .. · _. 

10.28 	 (A) 

v 

'. :Ju~t,~for~c~',li,sio", J;3:e~~~n two. Balls, ..: .... 
. potential energy lost by Ball A = kinetic energy gained by Ball A. 

h 1 2 1 2 
mg- = -I 00 +-mv

2 2	 an 2 an 

2
1 2 2 vem 1 2 1 1 

= x. -mR... x -,-.. + -m.v =-,- mv2 .. + - mv2
2 .. 5 ; (.. R ) 2 • an. 5 ··an 2 an' 

5 	 mgh·· 12 	 2=> 	 -mgh = mv => -- = - mv7 em 7 5 an 

After collision only translational kinetic energy is transfered to ball B 

h 
So just after collision rotational kinetic energy of Ball A = ~ mv~ = mi 

;~~.net=onance 	 ;;'~.. .• <," ;..o~~. . ... ' ~." A. .
/.',~,;; ,,";;-"'''' :'Educating for better tomorrow ;·r.~ .':. . 

~::S·'>··;' 	 ',' 
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,~10.29 	 (C) 
TorqueaboutA: 

a 
mg 2' = Ia. 

=> ···a:·='·rs~i't...),,' :..:~. :.- ". ,.',,: --".".' 

! 2\ a mga 

=> acceleration = J3a. = 2J3I C 


.l!'"""-(· ',"_ ,.\~.~\ .:~~::-i. ~'~I; 
; ... ! ... .:i ~.~" .j......, ....... ' 	 i.", 


( 10.30 (BO) , . 

\. The acceleration of three sections of rope 1, 2,3 are as shown. Hence 


for the section of rope in contacLwit~ pull~y,acce,lerati,on in%ea,s~:s;till 

the section looses contact with pulley.··· . . , . .,' 


Due to friction between string and pulley, the tenl?ion in rightportiofl of 

string is larger in comparision to tension inthe left portion ofstring. 


(. 

" 10.31 (ACD) B 
( Let m and M be mass of man and ladder. From FBOnor


(' 
mar reaction atA is N1 =(m + M)g which remains con

stant.Net torque. on man + ladder:is zero about B. If x
" decreases then torque of mg about B will decrease. Hence 

f must increase. 


10.32 (CD) 

( 	 All pOints in the body, in plane perpendicular to the axis of.rotation revolveintoncentriccircles. All 

points lying on circle of same radius have same speed (and also same magnitude of acceleration) but 
" 
dif·ferent directions ofvelocity (also different directions of accelerati9n) 	 ,( 
Hence there cannot be two points in the given plane with sam~ velocity or with same acceleration. 

,/ As mentioned above, points lying on circle of same radius have same Speed. 

" Angular speed of body at any instant w.r.t. any pOint on body is same by definition. 

( . 10.33 	 (ABCD) 
By FBD of particle 
mg-T=ma 
10-T=a ............ (i) 
ByFBO ofdisc 

( ; 	 a T::; m2R2 a
TR = Ia.= I. R => 2 'R2 

( 
mg" rna 

T=- =a .............. (ii} 

( 	 2 
\.. By eq. (i) and (ii) 

<	 a 
(A) a = 5 m/s2 and T=5N and a. =R:=5 rad/52 Arts. 

C 
(B) For angular displacement of disc: e = (i)t + i(lF

C 
1 
 -, ~. 


e= x 5 X 42 = 40rad 	 Ans. ' 2 ..','C 

C 	 (C) Work done by torque = J.de = .Jde = 5 x 40 = 200 J Ans. 

{ 	 (0) llK.E. =t:.w =200 J 
"-~ . AilS.:k2 - k1 = 200 J. 

,c.~}::,:. 


http:stant.Net
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10.34 	 (ABC) 

The ball has V', component of its velocity perpendicular to the length of rod immediately after the 

collision. u is velocity of COM of the rod arid co is angular velocity of the rod, just after collision. The ball 

strikes the rOdw;ith"~peed:v~~~~9 in perpendicular direction and its cOiTlponentalong the length of the 

rod after the collis:iq'n:i$·.l.!nch§lnged. u 

Using for the poin16fcciili!3ion: ~":'):;' t 

Velocity of separatio.M = Velocity of.approach~ 
 . 

3v (COf. )' 	
J;;' 

::::> 5 = 4 + u +V' .... (1) 	 <tv' 
o 

Conserving linear momentum (of rod + particle), in the direction.l to the rod. 

. mv. ~ =mu - mV' : ... (2) 5 " 

Conserving angular moment aboutp:olrlt'[)' as sholNp'in'the'figure ' 

" . [ f· mil! 

0= 0 + mU"4-12 .... (3) 


By solving 

24v 72v 

u = '55 ,w = 55 f 


Time taken to rotate by 1t angle t = ~ 	 1U4·co 

.. II d 1t(In the same time. distance trave e =u2·t ="3 
Using angular impulse-angu.lar momentum equation. 

2 '. "24m,.v}' {USiqg~irnp.u,lse, -momentum equation on Rod 
rN.dt. f :::;! me 7?v rN.dt =-- ,or 'YN'dt' _' ;....24mv
j' 4' 3 4': 5Se::::> J' 55 ' -mu -- , 	 . , 55 

10.35 	 (D) 

For a disc rolling without slipping on a horizontal rough surface with uniform angular velocity. the 

acceleration of lowest point of disc is directed vertically upwards and is not zero( Due to translation 

part of roJling, acceleration of lowest point is zero. Due to rotational part of rolling. the tangential 

acceleration _of lowest point is zero and centripetal acceleration is non-zero and upw9rds). Hence 

statement tis false. 


10.36 	 (D) 

As x increases, the required component of reaction decreases to zero and then increases (with direction 

reversed): Hence statement-1 is false. 


10.37 	 (C) 
The applied horizontal force F has tendency to rotate the cube in anticlockwise sense about centre of 
cube. Hence statement-2 is fafse.- ," 

10.38 	 (A) ..,.'" 
The acceleration of centrers of both spheres is J.lg up the incline. Since initial velocity of centres of 
both spheres is zero. they shall travel same distance in same time interval. Hence Statement-1 is True, 
Statement-.2 is True; Statement-2 is a correct explanation for Statement-1. 

10.39 	 (C) 

i,XP1+r2xP2 .: P1+P2 =0 =~x(-P2)+r2xP2 = (r2 ~)x P2 
[ = ~el x P2' Hence Statement-1 is True, State.ment-2 is False 	 '-.. 

c••ft1!~e(ltt~ns!-,...,.,......,,...-.,.....,-..,....,...,-.,..,----...,..---,.,.,..,....,--------.,,.-.,.-,--.,...,.....,....,-""--,,,,,,,,~=-:--'+,...;"-,,. 
,,-,__,<_~"i.. ''"_ ~ 
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10.40 	 (A) . 
Since acceleration is same for all the three spheres, they cover equal distances-inequal intervals of 
time in all the cases (A), (B) and (C). . . 
Hence (A). 

10.41 (C) 

(' 
F rom passage, for case (C) 

t3na(*) 

(; f.Lmin. = ( -k2) ~ (pure rolling) 
1+

R2 

Putting the values of 'k' for different objects given in th~ tabie'(in passage) we get; 

tana 

f.Lmin (Ring) = -2

~na 2 2 
f.Lmin (Disc) ~ -3- pmin (Solid sphere) = '5 tan a I f.Lmin (hollow sphere) = '7 tan aI 

~ f.Lmin(Ring) is greater than either of 

( f.Lmin (Disc)' f.Linin (Solid ~~here}1 f.Lmin (hollow sphere)' 
Therefore, the pure rolling of ring will confirm pure rolling \)f all ot~er bodies. 

( 10.42 (C) 

( As given in the equation of case (B) ; 
f.LNR = Mk2 a 

, and N =Mg cosa , -

As ; a, M, R, f.L are same for all, 'a' will be least for that object for which 'k' and hence I is maximum. 
, Therefore 'a' for ring (k = R) and hencero for ring at the bottom is minimum. 
Z 

Also, Mg sina - f.L N = Ma 
!' 
\~ -	

Since M, f.L,a , N are same for all objects, they have same linearacceleration and hence same 

( 
\ 

linear velocity and hence same iMV~. 

\. 2 
( 

K. E. (iMV~ +ilcmro ) . is least for the ring. 

c' 

,,-. 10,;43 (B)' 


For ring a =gsina/2 (for pure rolling) is less them that of disc.C 
«Hence (8). 

10.44(0) 
, . 10.45 (A)
Z 

10.46 . (A) 
( (i) Cons. linear momentum -2m 

- 2m.v + 2v.m = 0 =MVcm vf . 
V =0em 

(ii) As ball sticks to Rod.
C Conserving angular momentum about C ~:t.' m' . 

.'. 2 )8m. 368 . 2 2 .C 2v.m. 2a + 2mva = lro = 12'.+ 2m. a +mAs ..
( 

v' ,;a.,_ 2a ~,6mv.a =30 ma2.ro => ro =Sa 

2 2mj. m m. 
. 1 1. v 3mv2 . 

(O,Oli. IX(iii) KE = lro2 = .~. 30 ma2 x --2 = --. l 2 2 25a 5 
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10.47 	 (e) 
,tOcmAs angular'velocity ot the disc ,is constant i.e: 

o t'~~rON.,100N x 16 em = T x 10 cm 
T =160 N 

10.48 	 (A) 
As angular acceleration of the rear wheel is zero therefore net torque on the wheel is zero. 

10.49 	 (e) 

Power delivered =F.v 
where v isvelocity of the pointofappliqatio,n of the fqrce. 
v = 16 c~)( 21t.2 (='Rro) =0.641t mls " " ' 

P =100 x 0.64 1t =64 1tW. 

ALT:, P = tro 


10:50 	 (8) 

10cmx2 
RN = rn => n =~ =5 cy/s

4cm 


So rear wheel rolates 5cyCles/second: 


35
Hence 	 V = - x 21t x 5 . = 3.51t mls 

100 

10.51 	 (D) 

As 2:t = 0 

160x4cin =18.3 N 160 N x 4 cm = f x 35 cm => 	 f= '35,cm 

10.52 	 (A)p,t (8) q,s, t (e) p, t (D) q,S 
(A) Speed of point P changes with time 
(8) Acceleration of point P is equal to (!)2X (ro =angular speed of disc and x = OP). The acceleration is 
directed from P towards O. 
(e) The angle between acceleration of P(constant in magnitude) and velocity of-P changes with time. 
Therefore, tangential acceleration of P changes with time. 
(D) The acceleration of lowest point is directed towards centre of disc and remains constant with time' ' 

".' 

10.53 	 CA) p,q,r, 5, t (8) p,q,r,s, t (e) p,q, S,t (D) p,q,r, Sf t 
Since all forces on disc pass through point of contact with horizontal surface, the angtJlar,mome.nJUm 
of disc about pOint on ground in contact with disc is conserved. Also the angular momentllrn of:~~:tisc in 
all cases is conserved about any point on the line passing through point of contact and'para""el to 
velocity of centre of mass. 
The K.E. of'q,isc is decreased in aI/ cases due to work donE! by friction. 
From calculation of velocity of lowest point on disc, the dii"ection of friction in case A, 8 and 0 is 
towards left and in casee is towards right. 
Thedire~t(bnoUrictional force cannot change in any given case. 

10.54 	 (A) pJ (8) q,t (e) p,q,t CD} S,t 

(A) If resultant force is zero, 	Psystem Will be constant. 

(8) If resultant torque is zero, Lsystem wi./! be constant. 

(~);lf~exterrl~lfo,rc::~,s are absent, both Psystem and [system will be constant. 

(D) If no non conservative force acts, total mechanical energy of system will be constant. 

'; .•:~ 'Resonance, 
'.:".E'ducatiilgfoi'betteTtOmorrow 	 , ::~_. 

"., "," ::''';':'''-~'.''' 
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10.55 	 5 

t=~-	 1tro·""·-.;p;osec.. 

I 

I 
I 

I 
I 

w=~=J40radls 
l. 	 " x=vto 


1 3 

Y =-gF 	 V.=-tro4 I ' t =02 	 I 

I 

" 	 L..I I 

-i
~1 :yI (. 3l)2

r = VX2 + Y+4 _'::. 2.5m 	 " . I 

() 	 ------"- :" "X - 

(' 10.56 	 10 

WRT of belt, pseudo force ma acts on cylinder at COM as shown apout to cylinder will be justabout to 

topple when torque to weight w. r. t. P. 
f 

" 

c rna 

_a 

dv

<it = 2t 


( 

m.2t. 2"h 
= mg.r

f 

"
t = 10 

( 
[Ans.: 10 ] 

C 
10.57 	 13 


Using imp - momentum equation. 


P = M.v
c 
, 	 P 

=> 	 V= M ........... (1 )
" 
I t .v( using angular impulse-momentum equation. wrt. centre. 

4 	 2 
P SR = SMR2 ro.l 

2PC 	 ro= 
MR 


Total K.E. = Trans KE + Rotational KE 


c 	 . 1 1 l' p2 1 2.· 4p2 13P2 
= - Mv2 + 1ro2 = - M )( -".- + -2' - MR2. ~ . 2 	 2 2' M S :: 10M'MR" 

-rQ<2sCJoance>;.
;.~.~~jCatifig for better tomorrow 

( .,.",.\ 	 . 
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10.58 10 
The free bodypiagrams of sphere A and Block B are as shown 

" 

;'~+:.'.':"\ . 

:':"15:;:,,',;;',,",.J,,;;d=F=2mg~ 
(ac<;eleration of 

c.m, of sphere) a __ 
acceleration of block ' 

.' I .3",,' 
f· 

~F=2mgm 

-- <' of 

, (forceoffrl9iion) . 


Applying Newton's law to block and sphere 


F-f=ma ............ (1) 


f =m aern ............ (2) 


2 
fr = -mr2 a ............ (3) 


S 

Since the sphere does not slip over the block, therefore from constraint 


a =aern + ra ." ......... (4} 


solvingequation (1). (2). (3) and (4) 


we get the angular acceleration of sphere 


10.59 15 

Minimum velocity required by block 'm' to complete the motion in .JSgR 

conserving mech. energy 

1 
leo2 = Mg x 

R 
:::- to =~MiR

2 2 

Cons. angular momentum wrt P before & after collision . 

. o· 1(1) i:: m.R .JSgR 

L~Mi~ . = mR .JSgR 

MgRI = m2R2 5gR 

2 
putting I = ML2 _ MR . (since L = R) 3  3 

M 
Ans~: 15m = fI5 

.. ' .•
•.' \n . ance .'.,.... ,,;,~,eS_Qn ," .... , --:-__ . " 'c 
••,e:aucatm9fOr better tomorrow , ~~... , 

">," " .:".':' 
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(O.601~ 

Miniliat = 1tR2. L.p.
( 

p = density of carpetmaterial 

( 
\ 	

M·=_1Mfinar =1t. 	(~r. L . P 4' 


Initial PE of carpet = Mg.R

( 

M R MgR 
( Final PE of carpet = "4.g'"2 = -8 ," 

7 
APE (decrease)= 8' MgR 

( 
1 

It's equal to gain in KE =I< + KR t =. 21 MV2 + -2 lro2 
I . 	 'trans 0.....I 

Reo 
""2 

" 
\. 
( 	 M R 1 

using mass = "4' v = "2' ro I = i 
( 
\ 

1 (M) 2 1 (MR2) (2V)2( 	 K ="2 "4 v + i 32 . R 
( 

7 3 
Equating 8' Mg R = 16 MV2 

( 

v= /49R 

2
M R 

( "4) ( "2) 

3 

= 16 Mv2 

.. 

[Ans. : 14]} 
3 

(;10.61 5 
Let b and a are linear aGc. of centre of mass and angular acc. of the plane, justafterBF is cut c 	 mg-T=mb .... t1) 

Taking torques about CoM 
c mg-T=mb .... (1) 

( Ta ma2 

2 = -6-·a ""' (2) 

mg = mb + maa ~ 9 =b + c 3 

a 
and b = ai 

g =b + 2b .5b => 
. 3 =3c 

. 


)<,,1.

A, . , 

"b}. 
a:

aa 
3 

mg
b·::: 3g. b~

5 

{ T= mg_m3g _ 2mg Ans."" 	 5 - -5•	 '.
.. ;~,~'. .. ;~.eSO[1aOce~..;, ".;,U ' "',""f'"''''' ....,....._-	 .• ~'..'.;': 



11.1 

An~ers&Soiutions(Section-I : Physics) ro JEE(Advanced)-RRB.Cl>i .. 

11. SIMPLE HARMONIC MOTION iii •• 

11.2 

11.3 

11.4 

(D) 

, .
At equili~rium Pl=::· :g 

Now, lets displace the piston by xdistance downward 
PjViT =Pf V,r 

-r 
mg x mg(:g}Ro)T = (PT) (;£0 - X)T ::::>. 

.F 

~" PI =(A 1-t;} = A (1+ ;:)X 
mg ·mg y _p.' . ymgP - -+--x ::::> net - ~ - mg = - xf - AA io io 

F = ...:(ymg)net -i- X 
o 

m 2 
T = 21t,/ y(mgl£o) ::::> T =21t~ io where y = 1 + 5" . . yg 

If the piston were spherical, then also the answer would be the same. 

(8) 


K = 16n2 T =0.2 s 
max 

1
·f=-=5Hz

T 

1 A 21t mv2 =I( => V = 4n A =0.4 m2 max ''max max => 0.2 =4n => 

At t = 0.1 sec the particle is at extreme position so acceleration is not zero. 

(D) 

(8) 

Xl =a sin(rot + <1>1) 

X =a Sin(ror~;cj>2) ..., 


~ "2 

. <1>1+<1>2 .(<1>1 <l>2·J. , 

.'. 

';' ~ ;.
::::> IXl - x21 = 2a sln(rot + 2 ) cos 2 

To maxirrlizelx1 - x21 : 

sin(rot;.: <1>1
·2
+!h ) 

. 
= 1 

1 . (<1>1 -~2)
::::> aF2 =·2a x 1x c~s( cj>1;cj>2 ) ::::> F2 =cos 2 

1t ... <1>1"" cj>2 1t 
::::> -=-- ::::> • <l>1-cj>2= 2'4 2 

Hence (8). 

d~~di'ianc:e ", ". ".~,rA1:,gduc;atlng for better tomorrow .. .. ... "',>. 
,'£·l::~·:;: 
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11.5 (A) 
The spring is never compressed. Hence spring shall 
exert least force on the block when the block is at 	 Natural length 

"'of spring
topmost position. . 

2, 	

1E1t. . 

F =kx -kA= mg -mco2A= mg -4-2 mA
least o· 	 T . 

mean position 

11.6 (C) . 

( Due to impulse, the total eher~y of the partiCle becomes: 

\~ ) 	 '. ", 

1 1 
- mro2A2 + -	 mco2A2 = mco2A2Cl 	 2 2 

Let; A' be the new amplitude. (Apply energy conserVation law) 


-
1 

mco2(A')2 =' mco2N A' = J2 A. Ans.
2 

I 11.7 	 (A)
'- . Conserving momentum: 2V = 3V' 
(' 

\. 2 . 2 


=>- V': '3V. =>- co'A' = -coA => . /K xA'=~ {K. xA => A'=~ A3 '1"3 3'12 

( 
11.8 (D) 


\. The extension developed in the string due to small values of 'a' is : 

x : h sin a == ha 


( 
 Torque about '0' : 

'to: (Mg sin 0) L + (kx)h 
 '( or, 'to == mg aL + kh20 = (mgL + kh2)O .... (1) 	 " " 

" L .~Also; 	 .. 
( 'to = 100:= mL2

0: 	 ... (2) j,~kx.From (1) and (2) : . . . 

( 
\. mL2 0: =(mg L +kh2)9 


!'4m9 sine 
( mgor 0: ~ 	L~ (9L + k~2)a" 

f-.----/' '. 
\. e 

1 1 '(gt+ k~2)C Now: T: 21t~ = 21t Hence (D).~(9L+ kh 
2 )a => u=-=-

. T 21tLL2 m 

( 

( 

( 

11.9 (B) 

f = ~ ~mgl!
a 21t I 

where, I! is distance between pOint of suspension and centre of mass ofthe body. 
Thus, for the stick of length L and mass rri : 

L 
( 

L 
f = _1 .I m.Q.2' 
a 21t V(mL2 /3) 

= _1 f39 
- 21t Va 

. when bottom 'half olthe stick is cut off 
"i;' 

c 
(
'<-. 

1 
fa' =21t 

m L 
2·

g'4 
.m (U2)2 
2"-3-' 

1 ,j¥39=-x -
. 21l .. L 

= .J2 foAns. 

Xt.·~'·.. ":"l •. ..,;:.
t··,~ "eSOnance"",,. 

. . ... ~ ..,Educatingforbettertomorrow 	 _:.... . ;~t;,
( 

,/ 
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. ,"," " 
'11t10 1'). . ........,.. .' '. ..' 


'Average kinetic ..~riergywith,;~spect.to,_s"a~ = tkAl 

. .' ·.",c,~~,:....,,·. . ...;;,.·1' 2 


'. Average pot~otiql:ener{;!ywithrespect to§pa~:;::6kA 


~ver~ge~';~~~l~n~rgYWrthrespect t~'time:= ~'kA2 / 

. ..' ......"1 

Average potential energy with respect to time ~ 41<A~ 


Hence (A) is true . 


. " . 11;11 	 (BC) 

x =3 sin 100 itt .=;> : .y = 4 sin 1 00 ~ 


Equation of path is 


1._4 . 4 
.~:'- ' 	 x -3 => I.e.y ~3:X 

..' . ',: :.......... ' . 4 

· which is equation of.~ str'ai9,ht::Une having slope 3 


Equation of resulting motion is r= xi +YJ :: (31+41> sin 100nt 
:/", 

Amplitude is .J32 +42 =5 

11.12 	 (ABCo) 


Given A =0.4m ,and a =g 


:';".~ . 10 
so (02A =g '=>al= -= 25 =>(0= 5 T = -

2it 
= 21t15 sec. . 0.4 	 m 

At lowest position acceleration.= alA + g =g + g = 2g 


50 weight = m (2g) =2mg 


at half dis,tC;lnce a = g/2 


S9 weight at lipper halfdistance = m(g-gl2) =mg/2 

and weight at lower half distance = meg + g/2) =3~9 

actual weight atequilibrilJm position (maximum v) 

11.13 	 .(0) 
PE is related to reference. Only when PE aHnean. position is taken zero, the assertion is true. 

11.14 	 (A) 

Statement-2 itself explains statement-1 . 


. 11.15(0) . 

· The mean position of the particle in statement-1 is x =-!: . and the force is always proportional to 
;', 'a . . 

displacement from this mean position. The particle executes 5HM about this mean position. Hence statement

1 is false 

11.16 	 (B) 
When speed of block is maximum; ,net force on block is zero. Hence at that instant spring exerts a force of 

· magnitude 'mg' on block. 

\ 	
/ 

\~ . 
\,.' ; 
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11.17 (e) 
, At the instant block is in equilibrium position. its speed is maximum and compression in spring is x given 

by kx = mg .... (1) 

From conservation of energy 

1 ,1 " r 
\ mg (L + x) = 2 kx2 + 2 mv2~ ..... (2) 

., . '3( i 
from (1) and (2) we get vmax = z.J9L. 

11.18 (B) , 

V =~ '9L. and 0) = [k =2 ~ max 2 VYL. '1m 'It: 
( 

\ 
Vmax 3--LA=---;-- 4 

r· 
\ 

Hence time taken t. from start of compression till block reaches mean position is gjven by 

, L 
x = A sin 0) to where x = "4 " 

r 
\. 

( 

:. to = fIi sin-1 ±" 

T 
Time taken by bloCK to reach from mean position to bottom most position is 4 

( 

1t 1[L.IL
( Hence the require~ time ="4 ~g + vi9 sin-1 "3 

( 11.19 (e) 

upthrust (4 mg) 

Qfa 
4 mg - mg = rna " => a =3g 

mg 

(B) 

21t 1t [L 
= 40) = "4 ~g 

The density of liquid is four times.th~t of cylinder. hence in equlibriuni postion one fourth of the cylinder is 

submerged. 


So as the cylinder is releasedfl'om initial postiOri, itmoves' by ~:e toreach its equfibriumposition. The 


upward motion in this time is, SHM. 


, . 3t. '..... /49 . 
a = 3g == 0)2A = 0)2 X 4" . so 0)::: Vi . 

Therefore requirEld velocity,.~~\f~ax =0) ~~ m~ fj-.anq A =~i!. Thereforevm~ =%.fgl 
(e) 

. .,' 

, ... ,",' .. ' ".' .......... "":" " T .1t1t'~:£

The require time is one fdurth of time period6f SHM. Therefore t = . 4 20) ="4 9 



A~l?rs& Solutions (SecJion-I: Physics) 	 ro .lEE (Ad"anced) -.RRB .(;E! .. 	 . ..' , . . 

11.22 	 (A) r, (B) t, (e) q , (D) r 
F=8-2x 

='- 2{x - 4) 

At equilibrium position, F = 0 

~ x=4m 


As particle is released at rest from x = 6 m, i.e. it is one of the extreme positiol1. 

Hence, Amplitude A =2 m. 


Here, force constant k =2 N/m => mr02 = 2 or (0=1 

21£ .. 
:. Time period, T = - = 2n: 

~- OJ .. 

Time to go from x = 2 m to x = 4 m (i.e. from extreme position to mean position) = : = ~ 

11· 
Energy of S.H.M. = 2 kN = 2 x 2 x 4 N-m = 4 J 

As particle has started it's motion from positive extreme 

'1! 
Phase constant = "2 

11.23 . (A) r, (B) p ,(e) t , (D) s 
Vma: 21t

V =A(O => A = - = - x (0.2) = 0.20m 
max (0 21t 


1m T2k 

T =21t'fk => m =. =0.2 kg 

At t = 0.1, acc. is maximum => amax = - (02A = -(~.~r x 0.2 = - 200 m/s2 

Maximum energy = ~ mV~ax = 4 J 

11.24 	 (A) p,q (B) q,r (e) q,r (D) s 

(A) x = .J2(~Sin(Ot- ~cos(Ot) => x =J2 sin «(Ot -- =) is periodic with SHM. . 

(8) x =sins (Ot can not be written 


as x =A sin«(O't + $) so it is not SHM 

but periodic motion. 

(C) Linear combination of different periodic function is also periodic function. 

d2x 	 '. ..' ..••.... 
dt2 is not directly proportional to x i.e. this motion is not SHM 

(D) x continuously decreases with time. So x is not periodiq function .. 

11.25 	 (A) P (B) q (e) p,r (D) q,S,t . . . 
(A) If velocity of block A is zero, from conservation of momentum, sp~:eci of blockB is ~LJ.then KE, of 

block B =lm(2U)2 =2mu2 is greater than net mechanical energy of system. Since this is not possible, 

velocity of A can never be zero. 
(B) Since initial velocity-of 8 is zero, it shall b,e zero for many other instants of time. 

(C) Since momentum of system is no~-zero, KE. bf system canriotbe zero. Also KE of system is 

minimum at maximum extension of spring. 
(D) The potential energy of spring shall be zero whenever it comes to natural length. Also P.E. of spring is 

maximum at maximum extensionandmaximu;m compression of spring, .'. 

. ',:,' 



Answers &'Solutions (Section-! : Physics) 	 f;t;} JEE (Adva"ced)- RRB ,~ 

11.26 	 (4) 

The bob will execute SHM about a stationary axis ,., " 


passing through AB. If its effective length jst then' 
.>t ~< 

~" '" 	 ,~[F 
;, ': ' /' 	 ' . .e' 

T= 21t Vif ' , , .'/ l 	 ", 
" f} ". 

"l' = l/sih9= .JZt{becaGse"'9"::45b) 

f €i'rng cose! 
\, 	 g' =9 cos9 = g/.,fi 

mg
f2i 42XO.2 . 21t , 

, T= 21t Vg =.:~, ~ = s:,s,Ans", ,'x,=4, 

(11.27 	 (20) 

Velocity of the particle just before collision 


J' 4.5mg 1m 	 ~ u = 2gx-
K
- => li = 3g'fi< 	 - _1_ -y=O 

Now it collides with the plate. 

r' Now just after collision velocity (V) of system of "plate + particle"

" 	 u 1m 
r 
\ 	

mu = 3mV => V ='3::;: gVK 

( 
\ , ,No~ system perform's SHM with time period T =211:~3; and mean pasitionas :g distance below the 

pOint of collision.( 
\ Let the equation of motion be y ::: A sin (rot + 1\1) 


for t ::;: 0 y = mg/K 


mg . 
-=Asln 1\1 .. ......... (1) 


( K 


Now for amplitude V=ro ../A2_X2
( 
" 

_~,~m2g2 ' mg 
2 

m2g2 

( 9 	 - - A --- => ./3- =A2- -- => A - 2mg ... (2) ~K 3m 'K2 ( K ) K2 - K 
C. 	 By (1) & (2) 


A T

x=2' tox=O => t::;: 12c 
x =0 to x::;: A => t = T/4 

total time = 1~+: =;1t J3~ => Using values, t::;: 20 1tms. 

( 11.28 (3) "', ' " , , ",i,,' "__ <

The angular position of pendulum 1 and 2 are (taking angles to the right o[reference line )0('10 be~positive) ,
( 

(41t ) ( 9t ::;: 9 cos l-,=-t [where T = 21t [f'- ] 
, g 

( - 9 cos (~tJ =cos (~t+1t)92 = 
1 

For the strings to be parallel for the first time C 
41t ) 	 , (21t ) 'I= 9 or cos -,=-t = ~os -,=-t+1tC 91 2 ( X 

2 
,,:.:"41t 	 ' ' (21t) TC 	 -t ::;: 2n 1t ± -t+ 1t for n =0 t = 

TT' 2 


T 3T 

for n =1 t = - -,• 6' 	2 

{ 	 . J\ 
'--:~\'\ " , , T 1t [l
C,'",',"i, :. Both the pendulum are parallel to each other for the firsltime after t ::;: 6' ::;: '3 vi Ans. 

~t;,"i~esG)nanc:e \ .', ,·",;,.ec.exrA1'ECIlieatlngfor better tomorrow 	 ' ":;'"";?:,,: . 
::'<'~'~~.> ,: 
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11.29 (21) 

Xl &x be the displacement from equilibrium position; 2 

Now for holl~w sphere,applying "CA :;= IA a 

. aI' f2.. _ ... (1)k (x + x ) r . m r2 12 3 r 

. . .' . ... ..... . 5 7 

By angular-momentum conservation (about A) of the'>system, 3 m Vi r =::5 mV f
2 

::::> 25 v1 = 21 v2 .- (2) ::::> 25 Xl =21 ~ '-'. (3) 

,. . " . ( 25) 5 46 k 
Using (1) and (3)w.e get, k Xl + 21 Xl =3 mal -- -Xl::::> a1 - 35 m . 

::::> f =_1 J46 k· 
Now for amplitude, Al + A2 = Xo - (4). 21i· ·35 m.· Ans. 

25 
From equation (3) we get A2 =2t Al - (5). 

21 

By (4) and (5) we get, A1 = 46 Xa 


21 25 1 ~ 46k 

Ans. A1 =46 Xo ; ~ =46 Xo ; f =21t 35 m 


11.30 . (8) 

v 
2 

dvv--_ 8-2x => JVdV 

)( 

f(8 2x)dx => v =8x - x2 => v2 = 16x _ 2X2 .
dx .. o 0.· 4 

At B, v =0 so, x =8 

(Hence,AB = 8 

.~~~~~~~~;. 
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/~-\_------...;..;........----------------:------
12. 	 STRING WAVE 

12.1 	 (D) 
As wave h<.}sbeen reflecteQ;;frorn a rarer medium, therefore there is no change in phase. Hence equation 
for the reflected waves can:b~writte:h as .... .... . .. .. '. . . . . 

y = O.SA sin (-kx ---rot + af,~ L O.5Asfn (I<X+rot- 9)· 

( ;2.2 (B} _, 
SubstitUting x = awe have given wave y = A sin (l)t at x= 0 other should have y = - A sin rot eq~ation .. s9 

C displacement may be .zero at all the time Hence (B} is correct option. 
:' ..; . 	 w": _"/" • 4-~.'-~ ",".. 

(12.3 	 (C} 

f = 1 	 {T => 	 11 =p nrz
21 V; 

If radius is doubled and length is doubled, mass per unit length will become four times. Hence 

\.." 


1 J2T f 
f' 	

,----- 
f - 2 x 21 4J.1'" 2J2

\. 

( 12.4 	 (A} 
A. = 21 = 3m 
Equation of standing wave (As x = a is taken as a node) 


\. 
y = 2A sin kx cos rot 


( y = A as amplitude is 2A. 

A=2A sinkx 

f 

n 5n 2n n 	 1
kx= - or - => - x=- => x ==-m 

f 6 6 A. . 6 	 1 4 

" , 2n n n 

'( and .. x='2+3 => x = 125 m => x2 - Xl = 1m
2A. 

( 12.5· 	 (B) 


Given ro =3n
c 
ro 


f = 2n =1.5,
c 
Also 	 L\)( == 1.0cmc 

. . 	 2n n 2n 
GIven, <I> = -/lX => - =- )( 1=> . A. = 16 em => v = fX==16:x L5'!::ii:24cm/sec . c A. a A. . 

( 12.6 (B) 
.'. 

/ 	 (3}2 (8)2\. 11 a~Ir 
I=~ = (2)2(12l 	 = 1a2 / 2C 

2 

12.7 (B)
( 

6 6 
y(x, t =0) =~ then y(x,t)= (x _2t}2 .. 

:L 	 Oy -~ => 	 at x=2,t=2at - (X_2t)3 

C 
V=·--- 3( 

\. , 	 y . (_2)3 - - m/s. 

(. .. 

24 	

..•~" .1~~e£:l:?nS! 	 .,,', ci :~'>:;>~_.~/, 
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12:8 JC) 

1 
(C) P = - Jlro2A2V

2 

P = 
. 

2 
1 

ro2 A2 ..jTi; 

::-:, t-
c, 

using V = ~; 

.-,:-., . 
{T 

riP ro tr 2P 
=> 	 ro = A2/fP. f= 21t :: 2~', A2.,JT;. 

; 

using the given data, we get f = 30 Hz. 

12:9 	 (8) '.: 
'.. .... . . ., 1t 

In figure, 'C' reaches the position where 'A' already reaches after rot = '2 

and 'A' reaches the position where '8' already reaches after rot = ~ 

Hence (8), 

12.10 . (A) 

nv (')384 = U '" I 

from equation (i) & {U} 

(;)~(~) 
so n =4 
from equation (i) 

4v '10v 
384 = 2x3/4 =3 
v = 144 mls 

nv 
384 = 2£ ... (i} 

12.11 	 (C) 

mv 
=> 288 = U '" (ii) 

mv 
=> 288= U ... (ii) 

For a string vibrating in its nth overtone ({n + 1)th harmonic) 


(en +1)1tX) 

y = 2A sin L . cos rot .lqO§>Qf 

.e 
For x = 3i2A = a and n= 3; . y =[a sin(~e1t .~)] cosO) t 


=a, sin 3 cos rot 

41t 

= -ar~}osrot 


, t .e th ',' I't d ' .J3a
I,e.a x = -3; e amp I u e IS --, 
. 2 

12.12 	 (0) 
In a sonometer, 

T1 
vex:: .ff => :. ;~ =2 = ~ => T2 = "4 


% change will be : 


T1TT1 T2 1- 
-T- x 100 = x 100 =75% Ans. 


1 T1 
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:.12.13 (D) 


For waves along a string: 


u a. If 
=> 	 A, tx If 
Now, for 6 loops: 3A,1 =L . => A,1 =Ll3 

& for 4 loops: 2A,2 =L => A,2 = L/2
r 

\. 

A,1 2 	 9 9 . 
-==> 	 => T = -xT = - x 36
A.2 3 	 2 4 1 4 

,(' . = 81 N. Ans. 

Ft2.14 (C) 
\. 

Velocity of sound is inversely proportional to the square root of density of the medium. 

V1 .[P;f2P
i.e., 	 V.JP =constant => Ans.c 	 V2 == ~p; == ~p = J2 

(12.15 (C) 

( x2 _t2 	 .a
Y == log-- = log(x + t) 	 ( .: log a - log b =log b)

x-t
( 
" 

ay __1_ 

ax - (x+t) 


fiy 1 fJy _ (ax/at) __v_

( and
ax2 = (x + t)2 	 at - (x + t) . - (x + t) 

( e2y __ -.i!.. a2 y 1 e2y 

f at2 - (X+t)2 => ax2 = -;; at2 . 

\ 

Which is the general form of,wave equation. 

12.16 	 (D) 

At t = 2: second, the position of both pulses are separately given by fig.(a) and fig. (b); the superposition 

9f both pulses is given by fig. (c) 

( 

( 

c 

2~II J __ IL-
Fig. (a) 

-1 ~ 1 2 

( 	 6( 
G . 1 2 Fig. (b} 

C 
It 

C 
I 

I 

,..:;: ..;j.(... ;; ........ I. ......~........ Fig. (c) 


," " .,...1 0 l' 2{ ".,; ';-	 ". c, 

c 
c 
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12.17 	 (B) (\;AX
dm.(J)2R = 2T sin ~ 	 o TK'o/~T 

. de 
IlRde (J)2R = 2T 2 ::::> Jl(J)2R2=T ::::> ~ =~(J)2R2 ~ (J)Rvw = 

Also speed of string is (J)R 

The velo<?ity of disturbance w.r.t. ground = (J)R + o'lR = 2(J)R. 


12.18 	 (C) , ~_ 

Let i be the length of rope. Then tension in the string at height h will be : 

m
T= 	 hg u=tl 

m
Here, 	 Il = mass per unit length = -

l :. ~II Trh 
, u = J9h or u2 =gh 


i.e., u versus h graph is aparabola. 


12.19 	 (B) 
Let aj and ar be the amplitudes of incident and reflected wave. Then 


. aj +a
r 
a. _ a =n (Given)

I r 

a (n -1)a: = n+1 Fraction of energy reflected is 

2 2 

Er ar 
 n-1 

[ ) ~= ~ =(n+1) 
12.20 	 (A) 

v 

fo = 2l 


Now beatfrequency =/1- /2 

V ,v , v[ 1 11="2 -l----l-
2"-M 	 2"+M 

[ 2 2] [1+2M-l+2M] , ~ 2/0£ (:~)m 8f~M= (foi) 	 l _ 2Al - l +Ul =2/at £2 _ 4(M)2 

12.21 	 (e) 
1 . 


v = JTIJl orv <X- 1 -7 RP, 2 -7 pa, 3 -7 OS 

Jl 


Here Jl js mass per unit length. 

0.1 	 0.1 

111 = 2 	 =0.05 kg/m::::> Jl2 = 3' = 0.067 kg/m 

0.15. . 

and 113 = 4 = 0.0375 kg/m 


!la < Jl1 < Jl2 :. 113 < 111 < ~ 


Between string RP and PO, medium of string PO is denser.Therefore,wave-2 will suffer a phase change of 

n. Between string PO and OS, medium of string PO is denser. Therefore wave 4·will not suffer any phase 

.change. 
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'2.22 	 (AB) 


Speed of wave in Wirev-::'~;'=,' '(:tAx~1='4~~' . 

Maximum time period means minimum frequency; that means fundamental mode. 


v 	 V
f= -	 =

A 2£ 
~.; '," 

2£ .rep-, ,.' 1 
- \':':. T = 	V= 2£ Vw '~3!:j:.:se-c(jnd Ans.: 

,.~.,: 

( 	
~";2~," ,-,.-.:. (f = 35 Hz) 

. V 
and; frequency of first overtone =7 = 70 Hz. 

(12.23 (AC) 

\ Y=2A sin kx. sinro t 


dy . 
Vy =dt = 2A sin kx. cos ro t 

Vy = 0 	 => t = T/4, 3T/4 (T=~J 
(2 times in one time period)

( . 

12.24 	 (80) 


In standing waves, particles may have phase differences only 0or 1t. 

( 12.25 (ACO) 

/ 

'4A 
= 0.1 . => A. = 0.4 m " 

\ 
( 

from graph => T = 0.2 sec. and amplitude of standingwave is 2ft..::::: 4 cm. 

( . Equation of the standing wave 

" 
( 21t 	 ) . (21tt)";f y{x. t) = - 2Acos -x. Sin - 'cm\. 	 . 0.4 0.2 

C y(x-=.0.05, t;:· O.05}=.""'2.,J0.Gr;rj1.· ,',0:·-\:.i'. 

O~'.:: ~:.-:: :'
( y{x =0.04; t =0.025) = - ~J2 cos 360 

-C ~';" 	 ; ~~~~-' 

, 
 L·
A 	 ..... '. ". 

" speed = T = 2 m/sec. 

( 
dy . 21t . (21tX) (21tt)V = - = - 2A x - cos -, . cos - . 

y dt 0.2 0.4 0.2 , 

1- c Vy =(x =15m, t = 0.1) =201t cm/sec. 

12.26 	 (BC) 
As shown in the curve, if wave is moving along -)(axls, Vpis pqsitlve. 

V 
,r 	 .. ·\/<;·';"2.>tahO:"'-. w 

'f' '" 
{ f - tanS I > 1
\ .. 

V >V p w' 

';""y':'" 

I -.t r""\ ) x 

': I:, 

l 

c 

http:y(x-=.0.05
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12.27 

12.28 

12.29 

12.30 

12.31 

12.32 

12.33 

12.34 

12.35 

12.36 

12.37 

(B) (C) 

As / 1 : 12 : 13 =3 : 5: 7, string is fixed atone end, Its fund;amental freque':lgy:t~jQ ~,~, 1~=}j,95 Hz 

(0) 

Every small segment is acted upon by forces from both sides of it hence energy is not conserved, 

rather it is transmitted by the element. 


(0) , 

(0) Two waves moving in uniform string with uniform tension shCJII have same speed and may be 

moving in oppOSite direction§:. Hence both waves may have velocities in bppositedireetion. Hence 

statement~1is false 


(0) 

(False) at node v =0, at antinode Tension .1 to velocity:. at the points power = 0 (P =f:.V ) 
At other pOints P :F- O. 

(0) 

(C) 

(A) 

1.2 
1.1 = '2 = 0.6 kg1m 

f =5 Hz => A= 2f =4m => v =fA 

= 5 x4= 20 mls Ans. 11.34 


using v = IT => T =202 x 0.6 :;: 240 N Ans. 11.33 V; , 
( ~) :;: 3.14 mls => (2A)ro = 3.14 

Vl max 

3.14 ,', 
Amplitude 2A = 2 x (3.1~i) x 5 :: 0.1 m 

Equation of standing wave is ( 


y =(0.1) sin (1t/2)x sin (10 1t) t Ans.11.35 


(A) 
The equation ofwave moving in negative x~direction, assuming origin of position at x:;: 2' and origin of time 

(Le. initial time) at t = 1 sec. 

y:;: 0.1 sin (41t (t - 1).+8 (x - 2» 

Shifting the origin of position to left by 2m, that is, to x = O. Also shifting the origin of time backwards by 1 


(sec, that is to t =0 sec. '" ",.' ' '," 
" ,".. 

y = 0.1 sin {41t (t - 1) + 8 (x - 2» 

(C) 
As given th~ particle at x=2 is at mean position at t ,;; 1 sec. 
:. its veloci~ v :;: roA :;: 41t )( 0.1 =0.4 1t m/s. 

(0) 

, 21t 21t 1 
Time period of oscillation T =, -::::::, =-4 =:-2 ' sec. 

, : ro 1t 

Hence at t =:1.125 sec, that is, at : seconds aftert = 1 second, the particle is at rest at extreme position. 

Hence instantaneous power at x :;: 2 at t =1.125 sec is zero. 

(A) p,q,r,t ; (B) p,q,s ; (C) p,r,s,t ; (O) p,s 

··'J:)I~~~~ 


http:Ans.11.35
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\ .12.38 ':(A)'P',q,s (B) S (e) q,r,S (D) s,t. '. '.' '" ...," ". ..0'. .'

'\l\) Number of. loops (of length A/2,) will be. ev.enQf oc:lc:l al1dr1Qc:le orClnti,6()#~'~ill'!r~~J:l~~!i\f~lt6e 


formed at the middle. . '''-' ; ...•. ; 


,. Phase difference between two particle in same loop will'be· zero'andthat, betweentwp1 particles in 

adjacent ioops will 'be ~. ..., . ,,,,:; 


'-' 
 . (8) and (D) Number ofloops will not be integral. Hence neither a nodenor an antinode will be formed " in in the middle. ' " .' 

( 


Phase difference between two particle in same loop will be zero and that between two particles in' 

C> adjacent loopsV'l!lLp~ 1t. " " ~ ",,, ~," ..', ... , ""-"-",' 'f:~, >:"' .'. ",' ~ :,,,,~.~ -, ~H~} ~~,.:.u~....... 


12.39 	 9 

r  3.2 	 _ 3.2x10-3 . 3.232·'" 
IJ = 40 cm - 40 x 10-2 = 40 =, 4000 kg/rn 


( 


( £ = -A 

2 I 

.. 

I' . '1 

..~.,=> 	 'A. =2£ ........... (1) " ,-- . - .,,' 


~ 
( 

v [T 

f::: i" = 2e ·V~ 


( 	
--= 

,rr 1000 
=> 64 	 V3274000

( 
." 


/' 

\. 	 2 32 - T 10000 32 10 

=> 000 x2x40x10-2 4000- :::::> 	 :::::> T=- N64 	 ----s4 x 4000 = T 8J
( 

( 
\ 	 10/8 

10-6 
107 40{, y = .05x10-2 = 8 (.05) =109 N/m2. [Ans.1 x 109 Nm2] 


40x1 


". 	
..

( .12.40 2 

M 	 i 2M( 
Il =Kx =dM => 	 JdM = JKxdX and K= dx 

o 	 0f". 
( 	

l [F t
V= [= [F = dx JFx' dx = VK Jdt( 	 V; VKX dt 

o 0 

4 x1 5c t = ~4!3 .~ =J~~.~~ =J8;e~' S'x9 : 15 . = 2. 

12.41 	 The magnitude of phase difference between the points separated by distance 10 metres 


= k x 10 = [iOn x 0.] x 10 = 1t 
 •',.1m . 	 ..' == .'~ ..~,,nesonanc:e 	 '.; "'" ~:C .lt~ca.ingfOrbettertomorrow.~~t\'li:?c: 
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1;~:",;t: .. SqlJND WAVr;S .... ' ': 	
.':'~;jI.:. i" .. 

c· 

13:1 '. 	(A)' . 
'::<:The figure-showS'variation ofdisplacementof;· .• " 

particles in a closed organ pipe for 3rd overtone. "lEX:'~::;'"j·=·~X.· '.:" ... :--.. 7'}.. - . ·4t"·:/i.-:···1· ".'c' ;\i!:j '.. ".';.; .'::::::,'. 
For third overtone e= 4 or '}.. = 7 or 4 = '7 el7 I . I 

. 	 e :, ..... 
Hence the amplitude at P at a distance 7 from closed end is 'a' because there isanaiitihbdeatthat 

pOint . 
Alternate 

Because there is node at x = 0 the displacement amplitude asfunctionofx can be wr.itten asA= a sin 
21t 

kx=a sin-x
'}.. 

7'}.. 4e 
For third overtone e= :-4 or '}.. = 7 

71t·e . 1t e 
A=·asin. 2e · '7 =a,sin 2' = a atx= 7" =:> A=a 

13.2 	 (A) 
When a sound wave gets reflected from a rigid boundary, the particles at the boundary are unable to 
vibrate. Thus, a reflected wave is generated which interferes with the'bhcoming wave to produce zero 
displacement at the rigid boundary. At these points (zero displacement), the pressure variation is 
maximum. Thus, a reflected pressure wave has the same phase as the incident Wave. 

13.3 	 (A) 
After a time t, velocity of observer Vo = a! 

. , 	 . . 

=(V+Vo).. =(''1+ at) which is a straight line graph of positive slope. fo V fs' V fs' 

13.4 	 (C) 

Vs =0.5 mls[(-=-J-(-.v )]fo =2 Hz v vs v+vs 

13.5 	 (0) 
For a stationary observer between wall and source, 

freq. from direct source =(v:v s )to'" 

frq. from reflected sound = (v:v s)to . 

So no beats will be heard. 

13.6 	 (8) 

2 

( I) (K/r J(B}dB=1010g 1; =1010g T. =.=10UO~:}K7}-~)8gr] .:(K:=~). , 10 ..... 

.. 
dB1 =10 (log K' - 2 log r1) 

dB2 =10 (log K' - 2 log r2) 

.. .. 

3 =dB, -	 =:>dB, =20 log (;:) => (0.3) =109(::r ' 'l;:)= ~.' . 
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(13.7 (e) 

. '. (}2
Imax = (a1 +~2r =25 	 ~.1"'3 .!L. a.1 9=0 a1+ a2 = 5 (a1 - a2) =0' =- =0 = - =-
Imin 	 .' (a1 - a2r . a2. 2 '.. 12. 4a2 

(> 13.8 	 (A) 

f1 A1 = f2 A2 (in same medium) 


I~ (300) (1) = (f2) (1.5)
\ 

200 Hz = f ' 
2 

C~3.9 (e) 
( vmax = (0 A = (2rcf) A = (2rc) (440) (10~) = 2.76 x 10-3 m/sec. 

13.10 	 (e) 

Apparent frequency 


1_ (u+vw) 510(330+20)350 
n -n (u+vw-vscos600) =330+20-20cos600 =510x 340 =525 Hzj\ns.

," 
" 

13.11 	 (A)
!" 
\.. u

10u':" 19u 
A. = wavelength of the incident sound d= _"._ 2 = 

f 2fI 

I 
~ 

fj = frequency of the incident sound = 	 10u U f = ~ f = fr = frequency of the reflected sound 
10u _ u 19 

2 

10u+u 11u 11x19 u 

A = wavelength of the reflected sound = -f 

r 	 . r =, 18f x 19 =----=j"8"' T 

( 	 19u 18f 9 --x  11 Ans.Ar - 2f 11 x 19u 
(,. 

13.12 	 (A) 

For minimum, 


A 
Ax = (2n - 1) 

2 
{o The maximum possible path difference =distancebetween the sources =3m. 
\... .. For no minimum· 

( 
\. 

A 
- > 3

( 2 
V 330 

A > 6 :. f ='i < (5 = 55.( 
If f < 55 Hz, no minimum will occur. 

(13.13 (A) 

The speed of sound in air is v = ~Y~T 

.
( / 'Y 	 .... . . ' 

M of H2 is greatest in the given gases, hence speed of sound.in HishaUbemaximum. 
(

"'-. 
13.14 	 (B) 

·i11 -n2 ....
As.y = Absin(2rcn t) :::} where Ab =' 2Acos(2rcn At) :::}where nA = 2av

•C."'C"':~'.' '. 
~•. ".', 

L.' 

c n~e$St1anc::e 
itEc:lucallng.1or I$ettet tomorrow 

http:sound.in
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13.15 (B) 

For interference at A: S2 is behind of 8 1 by a distance of 100), + ~ .(equal ~qph~s: differenCe~). 

Further S2 lags Sl by ~. Hence 'the waves from S1 and S2 interfere at Awith'aphase difference of 

200.5 1t + 0.5ft = 2011t => 1t 

Hence the net amplitude atA is 2a - a = a 


For in~erference at B : S2is ahead of S1 bya distance of 100), + ~ .(equal to phase difference ~). 
l 

1t 
. FurtherS2lags S1 by 2' 

Hence waves from Sl and S2 interfere at B with a phase difference of 200.5 1t - O.51t =2001t => 01t. 
Hence the net amplitude atA'is 2a + a = 3a 

Hence (~)" = (~)2 = ~ 
Is 3a 9 

"" 13.16 	 (D) . 
To get beat frequency 1,2, 3, 5. 7.8. itis possible When other three tuning fork have frequencies 

.551, 553, 558. etc. 

13.17 (B) 

11rv I 10	 t = 2£ = 2 x 100
Vs =Vp 	=1 .~ ~ .~.4 	 =103 m/sec. => = 0.2 sec Ans. is (B)

V 1000 

13.18 (D) 

d~ 
~ = A sin (kx - rot) => P = - B- = - BAk cos (kx - rot)

ex dx' 

amplitude of P ex =BAk =(5 X 105) (10-4) (~.;) = 51t X 102 Pa So correct ans is (D) 

13.19 (B) 

" 	 . ~ 
Fundamental frequency of wire (fwirs) = 2£ I. 	 L ''''~I 

(A) 	_I__ 


v 3v 5v 

cannot match with fwirsf =4£' 4£' 4£ 

> v 2v 3v 2v . 
(B) ____ 	 its second harmonic 2(2£) matches wifh fwire ' f = 2(2£) • 2(2£)' 2(2£) 

v 2v 
(e) 	 cannot match withfwirs " f=2(£l2) '. 2(1I2) 

f= _v_"_ 	~ 
(D) ::::J " 4(£/2): 4(£/2) ~ .... cannot match with fwire 

::';', 
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: ;3.20 	 (8) 

[Y_ 
v = 4 km/sec vp = Vp - 12.8x1o.10 = 80.0.0. m/sec:-' =8km/sec

5 I 200.0. 

I. I. 

Vs V = 3 min 
 = 3 x 60. sec. r p ,

\ 

I. I. 

\. 
I "4 8" =3 x 60. I. =1440. km 


C3.21 	 (8) 

Towards right wavelength gets compressed, towards left, wavelength gets expended 


13.22 	 (D) 

Xl and x2 are insuccessive loops of std. waves. 

so, 4>1 =1t 


( 	 31t _ 1t) 71t . 
= .h=~and 	 4>2 = K(Ax) = K ( 2K -	 3K - 6 4>2 7 

.3.23 	 (A) 

v 	 3v 5vC 
£1 + g = 4fo £2 + g = 4fo 1.3 + I> = 4fo 

C 	 Solving get £3 = 2£2 - 1.1 

( 13.24 	 (D) 
\ 	 . radio wave are electromagnetic wave. 


So it get extra phase after reflection 'A 

total path difference = AB + Be + ')../2 = ').. for maxima 

h sec a cos 2a + h sec a = ')../2
,/ 
h sec a 	 (2cos2 a) = ')../2 

(. 
')..

\ 

h = 2cosa 

(13.25 	 (A) 
If detector moves x distance,C 
distance from direct sound increases by x and distance from reflected sound decreases by x so path 
difference created = 2x( 

C 	 2(0..14) = 14').. = 14 c/f => 14x3x1o.6 = 1.5 x 1010 !:I:;:~
f = -, P:14x2 _'. 

(1a26 (D) . _ 
. Drumming frequency =40. 'cycle/min = 40. cycle/ 60. sec 

c .. . 1 6o.sec 3 
Drumming time period = f =4o.cycle = 2 sec/cycle 

( (time duration between consecutive drumming) 
During this time interval, if sound goes to mountain +-- l. .,

C and comes back then echo will not be heard diStinCtly.,~ 

( 	 ~ :: 2£ _. . ..... (1) , ~ 
2 v ,( l. ) 

NoW if he ~oves 90. m. This situation arises at t = 60. cycle/min, T =T = 1 sec/cycle 

2(£ go.}L so for this case 1 = , ... : .. (2) 
v 

t Solving equation (1) and (2) 
set £ = 270 m 

v = 360. m/sec. 

Cell'II"'> _ _ ",'" 	 _.
i.rrceSGFlanc::e 	 _"'" ' 

',. ~Educating.for better tomorrow 	 '_i""";,-, 

http:12.8x1o.10


Ahswen &Solutitins (Section-I: Physics) 	 , ro JEE (Advanced) -Jl:RB, ,~ 

13.27 	 (8) 

, 1 
Po: 8.K.So : 8(2; )So '~ Po ex: t.:' " 

ThUs, pressure amplitude is highest forminimum wavelen~th"otherparameters 8 and So being same 

for all. From given graphs. ',- ' 


1..3 < 1..2 < 1..1 . Hence (8). 


13.28 	 (8) 
Path differen~e' introduced due to displacement of tube 
: 2x =10 cmdue toonewavelengthchahgemaximaIminiinawilibe 
attained once hence for 10 maxima's SUD 
path difference AP: 10 A. : 10 cm so A.: 1 cm. ,Ans. 

13.29 	 (A) 

x =xosin (rot + 4» : Xasin rot cos 4> + Xo cos rot-sin 4>. Comparing with given equation: 
Thus Xo cos 4> : 3 and' xosin ~ : 4," , 

Dividing we get tan 4> =3"
4 

or 4> : 53° 

x : 4 cosrot = 4sin (rot + 90°)
1 

AS : 90° - 53° : 3r 

13.30 	 (e) 

330 

The wavelength of sound source: 110 =3 metre. 


21t' " 	 ' 21t 21t 
The phase difference betwen interfering waves at P is =A4> =T (S2P - SjP) =3 (5 - 4) = 3' 

:. Resultant intensity at P =10 + 410 + 2JI; ~4Io cos 23
1t 

= 310 

13.31 	 (e) 
This problem is a Doppler effect analbgy 
where! = 20/min, v= 300 m/min 

,,·(.v} 	 "(300)
and 	 v. =30 m/min:. f'=: f.'v-v = (20) . 300':"30 =22.22 min-1 

s 

13.32 " (e) 

v+vo) fovo
f= (-v- fo=fo+ -v- Vo =gt 

f = fo + (J~9) t 

i.e., f-t graph is a straight line of slope f09 
, "v 

- f09 =slopeor v 

v = f09 .. (1 03){1 0)
or 

slope ( ~; ) =300 mi. 

~esC;)nanc:e, 
.fl-.... !Stfn .... ' ....... :k...;. ................ ......;._......__~.u 

" ,( 
, -, ";..-'.::)l:-..:<" .:. 
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,3.33 	 (B) 
let AI be the end correction. 


Given that, fundamental tone for a length 0.1 m ,;" first overtone fot the length 0.35 m. -- . 


v 	 . 3v 
r'4(0.1 +AI) =4(0.35 + AI)

j' 

\ 
Solving this equation, we get AI = O.025m = 2.5 cm 

(13.34 (B) 

C; 

When the skater is approaching the observer. 11 = 
1 (v:vJ > f'~nd ~nstant 

I 
\. 

When it receds fromthe observer. 12 =1 (v:vJ < 1and constant. 
j'. 

\ . 

(3.35 (ABC) 

As V = VA 
c 

V 340
A=-= --= 1m

( v 340 	 t 25crr¢~t2om
~5m ~5~§

first Resonance depth (from upper end) 45cm! ~J-~_-1 
. A1 

r 	 R = -'-= - m = 25 cm, 1 4 4 

/ 

~. 	 3);, 3 
R=-= -m = 75 em 

2 4 4 c 
5A 5

( R = - = - m = 125 cm 
3 4 4" 

( 	 i.e. third resonance does not establish 

Now 	 Water is poured; 


. Minimum length of water column to have the resonance =45 cm 


. ". A 1 . 

Distance between two successive nodes = 2'.= 2 m =50 cm 


c &maximum lengt/1ofwatercolurnn. to create resonance, 
i.e. 120 - 25- = 95 cm. .. ,. '."c 

(13.36 (ABCD) 
'

1fT 
C n= 21fjj 

L on increasing or decreasing (T1 &T2) significantly We can get rel'ult of higher beats.. 

(13.37 (D) 

Doppler formula for sound a wave is not symmetric w.r.t speed pf sejurce and speed of observer.c 
13.38 (A) 

(A) Propagation of sound in air is an adiabatic process. 

C13.39 (0) 

, 	 .. .: 
~-~ ·.·-'~e:S~FlanC:ev."f .......C.~~.'1Catlnll~rbettertQmorrow 	 . =-:..,. 
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13.40 (A) 
{13.39 to 13.40} 

. v' .' V 

(26) f -f - --f => - f 
11 - 1r - V -VI:, f21 =f2r = V + Vc 

Now, for·driver 

v+ V-Vc f - -- 2rfdr1 = and fdr2 - v 
V 

So, beat freqlJency =I fdr1 -lfdr21 

== Iv+Vc f _ V Vc f I = {(V+Vcl
2 -(V-V~r}f ='(4~c)' f :: ( 4VC)f

V 1r V 2r (v+vc)(v-vc) v2 V 

A _ V+V V-Vc 
(27) 1 - _c_ => A2 :: -f 

f 

2v A1- A2 
A+l=- =>A1 - A2 = f - => 1 '"2 f Ai + A2 - V 

13.41 (8) 

J1>=fO(.~J
.. (V+V1), v= 1050 [fll~fO = 0.1Jf =fo V V EmariV-v, -+ I_ V-V1'

1 fo 

+f"-f 2V __0=_1_ f,=0.1 V1 = 50 mfsec.fo V -V1 . 1$land 

13.42 (A) 

v2 

f'=f (V+50) (";*V2 )
fl = fo v:-50V-V2 

f"=f (V+V2)(V+50)] .' , [21% gt~ater thenserit waves]o (v-v2)(v-50) =1.21fo 

get v2 =50 mfsec toward Indian submarine 

13.43 (8) 

v-50A' = v wrt to observer:: v + v2 


r :C.;' Of ,(v+.v2·) . fo . 

o (v..;..50) 

'--.v+:50 .. (v -Vi)(V- 50) 

AU:: f (v+v2)(v+50) 
 fo(v +V2 ) 


o(v v2 )(v-50) 


A' .1050 +50 
AU V -V2 :: 1050 50 = 1.1 

.. ' 
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:~3.44 (8) 

v = [B ~ ~1!0 B"" 109 N/m21050 =Vp 
13.45 (A) 

( 
\ 

( At t = 0, Y=10-2 sin 2x,(~~ X) 
Change in pressure wiJl be maximu.m where y =0 at t = 0, 

21tx50 

-1-7- x = 0, x, 2n .... 


( or x =0, 0.17 m,O.34m ... · 
" 
{<13.46 (D) 
" 

v=i=t p (~r ....B = 

( 
2 

(flP) =BAK = Pd: AK = pAro( o K2 K 

( Substituting the values, we get 
" 

( 10-
2 

x10-
2 

x(2xx1000)2 = 21.36 N/m2
(flP)o = (2xx 50/17) 

( 

\13.47 (a) r, (b} q, (c) p,s, (d) t 

( .3.48 (A) p, q (a)q, s; t '. (el r (O)S"jq 
(A) y =4 sin (5x - 4 t) + 3 cos (4t- 5x + x/6)

( 
i~ super position of two coherent waves moving in positive direction, so their equivalent will be an 

r another travelling wave. 
~" 

c (B) Y = 10 cos (t- 3;0) sin (100) (t- 3;0) lets checkalany point, say at x = 0, 

C. y =(10 cos t) sin (100 t) 

at any point amplitude is changing sinusoidally. so this is equation of beats.
C' 
(C) y = 10 sin (2xx -120t) + 10 cos (120t + 2nx) "= superposition of two coherent waves 

( travelling in opposite direction. 
~ equation of standing waves. 

( (d) y = 10 sin (27,tx -120. t) + 8 cos (118t - 59/30ix) ':" superposition of two waves whose frequencies 
are slightly different (<01 =120, co2 = 118}(. 
~ equation of Beats. 

tJ.49.1 

3 =3. A. :::;. A. = 2 m 

2
c 

Pm =10.0 N/m2 , V = 330. m/s
J 

p0 =1 kg/rn3 

c 2n ).Pm _ 2x100 1 
2  m . Pm =8 So k = Po v So T => So = p v221C - 1x33o. x33o. x2x So - 10.89 xo 
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13.50 1 

J...
3 = 3. - => A =2 m 

2 

P =100 N/m2 V = 330 m/s p = 1 kg/m3m , t I O. . 

dp :::: dP [": m =p V ----.. 0 _ dp dv---/" -- + ]B=- dv/v dfi)/p p v 

p.dp. p1 _PPm 
(d p) max = P'Pm-_..- 1d p =-B-· => (d P)ma)(:::: B (d p)max"'" B p V 2 - 1089 kg/m3 

13.51 4 -
Let the velocities of car 1 and car 2 be V, m/s 

. 

and V mis,2 

Apparent frequencies of sound emitted by car 1and car 2 as detected at end point are 

V V 

. fl :::: fo V V ' f2 = fo V - V


1 2 

330 330 

=> 330 =300 330 V ' 360 = 300 330 V


1 2 

=> VI :::: 30 m/s . and V = 55 m/s.2 

. The distance between both the cars just when the 2nd car reach and point B (as shown in figure is) 

V2t 
I. ~ 

. Vlt 
I~ ~I 1 

2 
I I•

A B 

1« 
 '1 

100m 

100m = V2t - VI! => t = 4 sec. 


13.52 117 

A . :::: Vair _ 330 

air f - 1000 :::: 0.33 m 


9fi3. 
2.25 X 10 =1.5 X 103 =1500Vwater = VP  1000 

A _ 1500 

water - 1000 = 1.5 m 


Awater - Aa;r'= 1.5..:.. 0.33 ~ 1.17m. 

. \. 
..•...• 
. ~ • 't,},· ': ". 

II·II...C: 
t~morrow 
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:'-14. 	 HEAT&THERMODYNAMICS 

~-14.1 	 (B) 

Let initial pressurefvplurne, temperature be po. Vo. To indi~ated by state A in P-V diagram.'The gas is 

then isochoric~lIy~-~el'l:tostate B (2P0' Vo' 2To} and then takenfrom state B to stetae (2Po' 2V0' 4To) 
, }'.' .-, '."' ". . 

( 	 isobarically.
'. 

Total heat absorbed,by1 mole of gas 
, ~·l·';.' p

\ 

1\Q = e (2To ,;..0 To) + e p (4To - 2To)
v 

, 	

2pt---l'C['(~' 
) 	

5 7.. 19 p 1----- T. . I= - R T 	 + - R )( 2T :: - RT • AI I2 0 2 0 2 0 	 I • 

I .v. 2\'• 	·V 
Total change in. temperature from state A to e is 

.' 	 1\T= 3Tol 

19 .( . -'HTo 19 
. AQ 	_ 2 =-R.

Molar heat capacity, = AT - .3T . 6 
( 	 o 

\. 
( 

14.2 	 (D) 


Heat absorbed by gas in three processes is given by

( 


QACB = AU + WACB 


"-	 =AUQADB 


(

'- . Q AEB = AU + W AEB 


f The change in internal energy in all the three cases is same. And WACB is +ve. W AEB is -ve. 


Hence QACB> Q ADB > Q AEEi 

(. 14.3 (e) 

r ProcessAB is isothermal expansion, Be is. isobaric compression 


In process CA 

'-	 :·t~-2J:

T ---I • 
P ex: nRT .•,=> p2 ex: r. 	 !I p 	 T' 'T-t T. 

(.' 14.4 
(B).. .' 


( Higher is the temperature greater is the most probable speed.. 


C 14.5 	 (B) 

The rate of heat loss by a thin hollow sphere of thickness 'Ax' , mean radius 'r' and made of density 'p' isC 
given by 

t 
dT 

mS - = -	 EO'A(T4 - T04)( 	 dt . 

.dT
C 

(p 4rcr2Ax) S- = - EO' 4m2 (T4 - T 4 ) => dT .. .;.. _ &cr(T4- T~) is independent of radius 
.' ~.' 0 dt. -.' SAx' 

Hence rate ofcooling is same for both spMres. 

{
\.... 

., c 
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14.6 	 (D) 

Thermal resistance ofAe (== ~) 

= 0.110,3, ". ' ... ; 

336x1x1O-4 = 336 ::; R (suppose) 


0.2 
thermal resistance of 8e = -4 = 2R
'. ' 336x10 

temperature of pOi,nt e =~'~~ 

20 H =40 = 20
H1 = R 2 2R R 

H = H + H ::: 40 _ 40 x 336 13440 ' 
1 2 - =~~R 	 103 103 = 13.44 watt 

H 13.44/4.2
Rate of melting of ice = L = ,809/s =40'mg/s 

f 

14.7 	 (D) 

Since tension is the two rods will be same, hence : 
A Y CJ. 80 = A2Y CJ.2 80 =;> , Y1CJ.1 = ~Y2CJ.2 •1 1 1 2 A1

14.8 	 (8) 

2 2 	 32 
v = 12 + 0 + 2 + =.J3.5 . 

(,m.s. 4 

14.9 	 (A) 

PM 
We have p::; RT 

P1M 	 P2M P1 P2 
-::: 

RT1 = RT2 T1 2T1 

P2::; 2P1 

i.e., change in pressure is 100%. 

14.10 	 (e), 
Strain developed: 
8 = CJ.8T = (12 x 10-0) (50) =6x10-4 

Strain will be negative, as the rod is in a compressed state. 

14.11 	 (D) 

dT 

Heat current: i =- k A dx 


idx=-kA-dT 

t T2 

i JdX =-Au JT dT 
o T1 

. Au(Tl-T;)if =-Au (T; Tt)=;> 	 2 =;> 1=2£ 

£<;) ,JEE.. (Advanced) - RRJi (;Q 

;~eSEJnanCe 	 '::' ;.~.1~!OducatillgfO~ bette~ tomor¥ow 	 ' ~'r."fI"'·~• 



· Answers&: SolutiO/lS(Section-I : Physics) 	 ro JEE (AdI1anced) - RRB Oil 

:-:4.12 	 (D) 

BC is isochoric. VB > VA' VB =Vc. Vo > Vc 

14.13 (C) 

=AUAB+WABQ AB 
W =0 	 .

AS ... . B
2Pot·:~·~·...·-~ 

5 
AUAB = fnRAT => f(L\PV) L\U = -(APV)· 

~ 	 AS 2 
\ 	 Po I""-"-A(""""-' iC 

: IQ AB = 2.S PoVo <·1· • 
() Process BC QBC =L\ Uae +Wae '10 2'10 

QBC 	 =0 + 2P 0 Vo log 2 
=1APoVo 
Qnet =Q AB + Qae = 3.9 Po Vo 

14.14 (C) 

X-(-12S} = Y-(-70} 

sao 40 


For Y= SO X= 137S.0oX 

/' 

\, 14.15 (B) 

(. Rate of radiation per unit area is proportional to (P) 
" .. Poe AP => Poe r2. 
i 

r 

\. 	 dT dT 1 
Also ms - oeAP .. -=Roe

dt 	 dt r 

(because m = (Vp) oe r3 and A oe r2) 

( 

~ .. P R oe r 

r 14.16 (A)
"

For a block body~ wavelength for maximum intensity : 

( 

'... 1 	 1

).,oe-	 & PoePoeP 	 => => P' = 16 P. PI T' = 32PT).,4T 
( 14.17 (A) _ 
( Since, e = a = 0.2
\/ 

(Since I a = (1 - r - t) = 0.2 for the body B } 

r E = (100}(O.2) :::. 20 W/m2
'-, 

14.18 (C),-. 
Thermal equilibrium means same temperature. 

( 14.19 (C) 

( C F-32 L\C L\F S = => -=- => L\C = -L\F => L\C =L\KS 9 S 9 9 

C 14.20 .. (A) 


(A) PV = RT for 1 mole 

~ .. RT 

W= ldV= f"dV 


V=CT213 

c 2 	 dV 2dT .. dV= 3'CT-1J3 dT or V = 3' T 

(2)dT 2r: 	 W = .lrr2 

RT 3' T = 3'R(T2 - T1) =166.2 J\...... t 

C 

C 
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14.21 	 (A) 

nfR
AsAU=-AT 

2 

.L1U ex:: .L1T; ". . ' 
Since volume'is same in all three process therefore temperature will be least haVing least pressure. 

14.22 	 (e) 

log P ::;: m fog V where m is slope 

2.38-2.10 

m = 1.1-1.3 = -.1.4 


log P = - 1.4 log V 

log PV1A = 0 


PV1A = k 


14.23 	 (B) 

Rate of heat loss = cr eA (T4 - Ts4) 

dT 

- ms dt =cr eA (P-: Ts4) 


dT 5.8x10-4 xixT{O.08)2({500)4(300)4)--' = 	 ~ -dT == O.066 0 e/sec.
dt 10x4.2x90 	 dt 

14.24 	 (ABeD) 
In the equilibrium position the net force on the partition will be zero. 
Hence pressure on both sides are same. 
Hence, (A) is correct. 
Initially, PV = nRT 

P1Vl PV 

nl = RTl = RT 


_ (2P)(2V) _ 4PV 
& 	 ~ = n2 -	 RT - RT n2 4nl 

Moles remains conserved. 

Finally, pressure becomes equal in both parts. 

Using, P1V1 =n1RT1 


P2V2= n2RT2 

Pl =P2 &T1 ,:;::T2 


V1 n1 1 

V =n; =4 => V2 = 4V1


2 

..3 12 
Also V1 + V 2 = 3V ~ + 4Vl = 3V => V =-V And V =-VVl 	 1 5 2 . 5 .'. 

Hence (8) and (el are correct. 

In compartment (I) :. 

Pl 'V1 =n1RT l 


'-... / 

.(3V) (PV)P1 5 = RT R(T) 

5PV 	 5 
P'=--=-P 

1 3V 3 

Hence (D) is also correct. 

....,.',0:' 

tomorrow:--------:'.;.;..~----------:----...:.-----'---.....;------...:....:........;-.;...--"'-""'j ..•..... {;,} 

-;; '"'-:--'''''0 ,,-,y

• 
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\ 14.25 (BD) 

2 
, P2RT = k~. 

~=k => 
p PM 


(kM)
=> 'Pt::i'1t ..•. '..", .. (i) . 

1/ 

\ .. p2 p.2 P 
p -pi';, ,- P'-,~·,'..fi.;" .~._'. '~"""'" ,. '~",;. ,'~"'~. 

( . Hence frorTI (i) l' = T..J2. PI= ccinstanthence P~T curve is'a hyperabbia. 

C14.26 (AD) 

( 
Vr.m.s. = ~3~T 

t . 

" Since PV = nRT therefore P andV both can change simultaneously keeping temperature constant. 
t' ~:- . 

'14.27 ~C) . 
( Slope of graph is smaller in the solid state i.e., temperature is rising slower, hence higher heat 

\ 

capacity. 


\. 
I The transition from solid to liquid state takes lesser time, hence latent.heatis smaller. 


I 14.28 (ACD) 
\. 

( M x 100 = 2( ~l) x 100 
A 

( => % increase in Area = 2 x 0.2 = 0.4 

I1V
( - x 100 = 3 x 0.2 = 0.6 %V . 

C Since 111 = 1 0: 11T 

M x 100 = 0: I1T x 100:: 0.2
l 

[' 
\.. => ci = 0.25 x 1CJ-4 IOC 

C14.29 (AD) 

YL Vvc I1VL =I1Vy => YYL =YyVy or y = \I => but Vy > VL => Y L > Vy . 
V VL 

( '14.30 (BO) . .' ... 

Every object emit and a'bsorb th~ radia~ion~. siml:l,tanequsl,Y, if. egergy emitted i.s. more. than energy 
( 
absorbed temperature falls and vice versa .. 

( 
14.31. (D) 

C Equivalent thermal conductivity of two identical rods in series is given by 

c 211 
-::::-+-. 
K K1 K2 

( 
If K, < ~, then K, < K < K2 

{' 

••
,-. Hence statement 1 is false. 

~ ·······:~if.'~esol'1ance ""7 c., .,,,., i,;:' • ..•~J~[~Uf:atin9 for tHltter tomorrow 

http:P'-,~�,'..fi
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14.32 	 (C) 
f 

From Wein's law AmT = constant Le., peak emission wavelength AmOC ,.~. Hence as Tincreas~ Am decreases.~ 
,.. 

14.33 	 (A) ~ 

If the rate at which molecules of same mass having same rms velocity striking a wall decreases, them the 
rate at which momentumis imparted to the wall decreases. This results in loWering of preSslJre. Hence 
statement-2 is correct ~' " ' . , 
In statement-1 the rms vJlocity of gas remains same on increasing the volume ofcontainer by piston, since 
the given process is isothermal. Now the piston is at a greater distance from opposite wall and hence time 
taken by. gas~molecules from near the opposite wall to reach the piston will be mOre; Ttll,ls'rate.ofmoleeules ' 
striking the piston decr~§es. Hence statement-1 iscorrectal"ld'statement-2 is correctexpl<;lnation. 

14.34 	 (C) 

Heat given: L\Q n1Cv1L\T,~ For gas A 

& for Gas 8 ~ L\Q. = n2C",2 L\T 

(.: For same heat given, temperature rises by same value for both the gases.) 

=> njCV1 " n2CV2 "~ 	 ................ ( 1) 


Also, (L\PB)V= n2RL\Tand (L\PA)V= njRL\T 
-. .-", 

nj L\PA 2.5 5 5 

=> 
 n2 :: L\PB = 1.5, = 3' => n1 = 3 n2 

Substituting in (1) 

5 (~R)~n2CV = 	 -=-3-'-'n2CV , =>3 12 	 CV1 3 ('2R) 

Hence, Gas 8 is diatomic and Gas A is monoatomic. 

14.35 	 (0) 

5 , 125 5(60J
Since 	 n1 = 3 n2 Therefore MA = 3' MB 

(From experiment 1 :WA =25 gm & W B =60 gm) 

=> 5MB = 4MA 

The above relation holds for the pair-Gas A: Ar and Gas8 : 02 . 


14.36 , 	(8) 

nACVA x 300 + nsCVa x 300 = nACV T +nsC", T
A " a, 

(number of moles remains same) 


? T = 300 K " ' . 

(It could also be seen directly that temperature finally Will be 300 K, since no heat exchange takes 

placebetweeh'ftiose gases as their initial temperaturesaresamer ' " 

Since, volume remains same but number of moles increases. 

Therefore, presS'ure increases. 


14.37 	 (A) p,r,s (8) q,t ; (C)p,r,s (0) q,r,t 
'.(A) If P = 2V2 , from ideai gas equation we get 


2V3= nRT 

\ ,. ," :. wilh increase in volume 


'(A) Tempe'rature increases implies dU = +ve 

:. dW = +ve 


. Hence dQ :: dU + W =+ve 

(8) If PV2 = constant, from ideal gas equation we get VT =K (constant) 

tomorrow 
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c) 
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\ 

, 
" 
c 
( 

( 

( 

( 

( '14.38 

( 

' 

c 

c 
c 
( 

( 

( 

( 

c 
c 
<
t 
'l 

,,'
\., 

On decreasing temperature, as volume of an ideal gas increases, 

dW=+ve 


PK K 

Now dO = dU + PdV = nCydT - -=f2dT [.: dV = - T2 dT] 


, ' PV 

=nC dT--dT = n(C - R)dT 
 ' 

y yT , 


with increase in temperature dT = +ve 

and since C > R for monoatomic gas. Hence dO = +ve as telllperature is increased 
y ',.• " ., •• " 

(C) dO = nC dT=nC dT + PdV' 
j '" 

..lo •...:.,.

==> n (Cy+ 2R) dT = nCydT + PdV 

" dV 

2nRdT = PdV :. dT = +ve 


Hence with increase in temperature volume increases and vice versa. 

dO = dU + W = +ve 


(D) dO =:= nC dT = nCydT + PdV 

or n (C - 2R}dT = nC dT + PdV 
y ,r 

dV 

or- 2nRdT = PdV :. dT = -ve 


On decreasing temperatu~e, as volume of an ideal gas increases' 
dW= +ve 

Also dO = n(C
y 
- 2R)dT 

, 

with increase in temperature dT = +ve but Cy < 2R for monoatomic gas. Therefore dQ = -ve with 
increase in temperature. 

(A) s; (B) q,t; (C) r,t; (D) q,t 
, in (A), V is on vertical axis. 

~/;~I 
As V is icreasing, W is positive. ~IJ 

v 
Part-II 

~ '.',\ \\\ \\{1WT-II) 


\\\\\\~~ , 
V is decreasing. W is negative. 


-+------Jl-)I P , 

As negative work in part-II is greater than positive work in part-I. net work during the process is negative. 
Using PV = nRT and as Vremains same for initial and final points of the process, it is obvious that final 
temp. is greater than initial temperature as pressure has increased. Therefore dUis positive. Hence 
option (S) is connected with (A). 

T= PVAs 
nR 


From graph we can say 


Tfinar < Tinilial in part B,C & D 

. Similar arguments can be applied to other graphs. 

c 
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14.39 40 
"--,-.- . 

Change in internal energy for cyclic process (.1.U) = 0 a 

for'process a ~ b, (P - constant) '> 
ul bEd 

W = P.AV=nRL1T=-400R 
. = I:c", 8--,>b '. ..' 

for process b ~ c (T - constant) Po 2P9.' - p. 

Wb-'>c = - 2R«300)£n2 

for processc~;d(P''-con§tanlr 


W ". = +400 R 

c--,>u . 

for'process d ~ a (T - constant) 


'Wd-'>a = + 2R (500)£n2 


Net work (.1.W) = WHb+Wb-f.C+WC;'Oc +.VVd-'>8 


.1.W = 400 R£n2 


dQ =dU + W,first law of thermady names. 


dQ = 400 Rln2. 


14.40 4 

Energy supply by resistance 


= j2.R 

. "1".

. By first law of thermodynamics 


. .1.Q = .1.U + .1.W 


.1.U = 0 

~. 

j2R = mg( ~~) 

F2R 
v= mg 

2x2x10 
= 

1x10 

v=4 m/s. 

"'.-; 
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\ 15. 

15.1 

( 
\ 

r-' , 
\ 

t:5.2 

r 

" 

( 
\, 

( 


( 


15.3 

( 


( 


I . 

\ 

( 

(, 
15.4. 

f '.
\.. 

C 

( 

( 
15.5 

( 

( 

C' 

FLUIDS & PROPERTIES OF MAneR 
., ~~ "">:~~':""co _,.j'~,. ',:: 

(A) 

fi~ureshovvs forces acting on a 'particle' on the surface, 
with respect to vessel. 
.. . . . '. 

(mg sin e &!l mg cos 9 are pseudo forces). 
J. tan ",-!l ...... 

:. <p =tan-1 !l. .. 

<P is angle between normal to the inclined surface and the resultant force. The same angle. will.\:le fonned 

between the surface of water &the inclined surface. .. . 

{.: tree surfaceis.l to the resultant force acting on it.} 


(A) 

VelOcitY oi'i,fiIuxofwater (v) = /29 (%)= .J9h 
force on ejected water = Rate of change Of momentum of ejected water. 

= p-(av)(v}', = p av2 

Torque of these forces about central line 
= (pav2) 2R . 2 = 4pav2 R.= 4p agh R 

(A) 
(A) Let PSI PL be the density of silver and liquid. Also m and V be thEHnass and volume ofsilver block. 
:. Tension in string = mg'-bouyantrorce .. 

T = psVg - Vg =(ps - Pl ) VgPl 

m 
Also V= Ii; 

3PS -PL) (10-:-0.72)x10 .
T = ( mg = 3 x 4 x 10 =37.12 N. 

ps 10x10 

(e) 

Weight = Buoyant force 


V V 
VPmg = "2 PHgg + 2 Pong 

PHg + Poil 13.6+0.8 .14.4 = 7.2: 
Pm = 2 = 2 = 2 

(A) 

Pressure at 'A' from both side must balance. 

Figure is self-explanat~ry. 


(l' h2g = ph
1
g 

(l' :.fiR sin (45°+9)= pR[cos9-sin9] 

h.cr [cose + sine] = pEcose - sine} 

p-cr 
tane = p+cr 

mg sio9._. 
\__ 
. •!'\ 


Ilmg cosG ·.mg .. (.... c; 

"'. ." 

. , ~I 
_ '. . ~ . 
=: mg cos9 J1I1lg cos9 

resultant 

.' . 

...:...:----:....:.-.-. 
Oil.@.. '. 

_.':'-.:-""!-~ .' .-- . Me~cury,:." ::,,~r. ~ ". ,.~" 

'1 

.'\. 

c· 

c 
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15.6,· (A), 
. .' , .

v· '''' "ax· v,., 0,5" ,.," ·::',-:'a 
v = u + at a = tane = - = - = - (in triangle ABC) C .' -.-" 

. 	 x' x t 9 tg 5 ..,', ':"','I'5 ::':...... A' 
s -:":-:":":":":"~~":":":.-:...':~~ 


10x20...·: i:':~:":·2rfi>.1 .. ::::::~:::::::::: 

=>. t = =20 sec.,'."",;: " ;:;;:::i:::;,:;::.::::
............. '" ............... ..
......... -.. _.-.- .. .. 


··10m: ," 
~ 

15.7 (B). 	 . 
(B) For the given situation, liquid of density 2 p should be behind that of p. 

From right limb: 


i •• i-):- ,':.r"~;:,;. ?~l~\.; :,.,"!'<,J<,". '.i~·!1" ,.,p.t ~~.,., .. "'.~ \~..:.··;.i".-j.·. ..;.~ :~ ,-' -.~ ... ;-,~."'" 't~~" ;;'1'f\=P~i~4' 'itgtf 
('.":'1".' _ '._ 

l 	 l --------- .~ 

aP 	=P +pa- =P +pgh+pa-
B A 2 aim 2 

..." . l . 3 
Pc = PB + (2~) P2" = Palm + p gh + 2" pal .... (1) 

t 2p 
• -cA"But from le.ftiimb: 

Pc = ~'~I~ + (2p) gh .... (2) 	 p 

FroniO) and(2) : 	 " 

'3 3a 

Palm + pgh + 2 pa l = Palm + 2pgh => h. --2g'p Al1s. ' 


15.8 (A) 
(A) No slidi,ng =>pure.rollin.g. 

Therefore, acceleration ofthe tube= 2a (Since COM of cylinders pre moving at 'a') 

PA = Palm + p (2a) L (From horizontal limb) 

Also; = Palm + pg H (From vertical limb) 
PA AL 

gH 

Ans.
=> a = 2L 

15.9 (B) 
(B) Pressure at (1) : 
(8) 	 (1) 


= Palm + pg (2h)
P1 


Applying,8ernoulli's theorum between points (1) and (2) 


" .. '. ". .. 1 

[Patm+ 2 p 9 h] +2pg(h) +"2 (2 p) (0)2 


= 	Palm+·'.{2p)9(O)+~ (2p)V2 => v=2[rifi Ans.' 

15.10 (6) 
TorqueaboutCM: 

( 

l 
Fb • 4'=Ia-

Fb eM 

. l' ; l .t " ,. ,;.
=> " ,!l =:1 (1lir2) (4) (p) (g~. 4' bp 

.... :rrlg, 
1lir2l2gp 

a= 	 ; ,41 

'a' will be same for all points. 
Hence (8). 
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1",11 (e)
" by dimensional analysis, (c) is the only correct answer. 

, 

1,,;12 (D) 

a.IVo 

Vo =J2gh' ~ V2 =.v2g'1;= , 1[2 


J,~.13 (e) 

\. . Pressure at all points in stream will be atmosph~ric. 


c) 0,.",14 () 

::': '.
Volume of water fmad in tank in

( 
\ t =15 sec. 

r5 1t V = 10A[t +[COS1t/30t]15 	

;.. 

V = .b Ax10[1-sin30 t]dt . 1t/30 .
( 	 . 0 

F 	 30\ 	 V [ 30]V = 10[15 --] A 	 h = 10A = 15--;- m
1t c 

15.15 (8) 

( .' Figure shows one of the legs of the.mosquito 


( 
landing upon the water surface. 
 e\ Therefore, T. 21t a x 8 = W = weight of the mosquito. 

(j.16 (8) 

( . 	 Inside pressure must be 4T greater than outside pressure in blJbble. This excess pressure is provided r 	 . . 

\ 
(' . 

by charge on bubble. 

( 2 
(J\. 4T 


r 2Eo 
c 
2

4T 0 
. (J'---' " 	 [ 0]

....... - 41tr2
~. 
r = 161t2r4 x 2Eo' 

c 
o = 81trJ2rTEo ,. ' 


( 

15.17 (e)r ' . . .... . '. ..' , ... "',..,' "....• ' '. ' . .c..",' . 

\.. The force exerted by film on wire or thread depends only on the nattire ofrriaterial'of thEdilni' arid not on its 
surface area. Hence the radius ofcircle formed by elastic thread,doesnot change. 

( 
15.18 (e) 

( 	 . As weight of liquid in capillary is balanced by surface tension, 
then T x 21tr =1tr2h

1
pg (fc:r uniform r radius tube) 

{' 	

.I.---~~~ 

::-:-:-:-~-: 

:..:_:_: h,
\. '---I 

2T 

( h1 = rpg 

but weight of liquid in tapered tube is more than( 	 .. -~-~-~:", 
. 

..uniform tlJbe of rCldius f, then in order 
'. -:.==::.:.to balan'ce h <111 ",'l 	 .':', ::'Z=~==' >. 

2T 	 ------I 	 .... ~~.:-:-:---/IJ~, h < rpg 

( 
./;* f.C'•r,lReseFlar:l(:~e., 	 ':,.~" "i 

iEducating for better tomorrow 	 ","".,. ',,' . 	 T..., 
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15.19 	 (B) 


For hemispherical shape- For flat:suriace 

0=0 tangent on 
tangent liquid "'" I 0 = 90° 
Qn liquid· surface 
surface 

Solid 
Surface" 

§)olid surface 

15.20 (D) 
Balancing the force: . RLf 
T.4acos 1200 + tpa2 g = a2 hpg --hlLlJt-
T.2a = a2 	pg (.e - h) 


'2T 

(£ - h) = apg 

15.21 	 (A) 
Viscous force = mgsin e 

tpgsin9av 	 v 
:. T]A t = mg sine or T)a2 '-t. = a3pg sin9 T)= v 

15.22 	 CA) 

61tt)rvf ,l-t--h 
W.. =61rrar v,

w~? ~	 wJW .. , 
when the when the ball attains when the ball attains 


ball is released terminal velocity 213"of terminal velocity 


Figure (1) Figure (2). Figure (3) 

When the ba"is just releas~d, the net force on ball is Weff (= mg - buoyant force) 
The terminal velocity 'v, of. the ball is attained when net force on the ball is zero. 
:. ,Viscous force 61CT]r vf = Weff . 

. 2· .. 

When the ball acquires 3 rd of it~ maximum velocity vf 


2 

. the vi~cQus. force is =.= 3""eft:., ' 


2 1 

Hence net force is Weff - 3 Weff = 3Weff 


required acceleration is = "3
g' 

·· .. 't 

15.23 	 (B)' 

0.5x2 

. Velocity gradient = 2.5x10-2 


dv . 0.5 
Also, F=2T)A dz =2x T)x(0.5) 1.25x10-2 :: ;1 7 
:::) 	 T) =2.5 x 10-2 kg - sec/m2 

.--.". 
.L 
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..... 15.24 (A) . 
(A) From continuity equation, velocity at cross-section (1) is more than that at cross-section (2). 

Hence; P1 < P2 

Hence (A) 


;5.25 (A) 

Fl III .e .l (4..:.2)x10-3 

(A) Al = AY (F I A) = Y = slope of curve => Y = 4000x103 


C 4000x103. 

Givenl=1m~Y= 3 =2x109 N/m2 

2x10

.15.26 (8) dx dx 


( Acceleration a = F/m +-x-II 

mx F Fx TDT+~ 

~:-

then T= -x-=
f m f ,.J"""",J"E~,~~,tFTdx Fxdx 


Extension in 'dx' element - do = AY = lAY

( 

fFxdx, FL
( Total extension 0 = ~ LAY = 2A Y 


(15.27 (8) 


,! m 2

dT = dm(f - X)oo2 dT = -.dx(f - x) 00 

lIDf U!> 
I 

T 112 2 T+dT T 
f'""lW4"+ I 

( => fdT= fm; (f-x)dx 
-+ldxl< . x I o 0 

\. 
( 

_ 2]1I2 _ moo2 [2~_!.....2]moo2 fx-~' ,( - [ 2 - 2 8f 0 f 

c Tension at mid point is : 

{ 3- . 2 3mfoo2 
\.. T= - mfoo2 => stress = 3mfro => strain = 8AY8 8A 


'. ALTERNATIVELY
, 
/Qf"'"___-, T T Tension at mid point can be found by using Fald = ma .(' cm 00 p~""-'-,:......J 


m (23,e) . 3
(.' T=2' ro 4" =8' mro2 f 

( . (8) 

m( dT = dm(£ - X)oo2 dT =-.dx(f - x)ro2 
lIDf . 
~ 

( I 
T 1I2 2 I T+dT T

f'""lW4"+ I 
=> fdT= (f-x)dx I '.fm;C I -+ldxl( I o 0 I 

I 

2 X2]1I2 2mro mro
( [fx--

2 ,e == [~<Jf o 

\.. 
{ 

""''- :.:c iWeSOnance .."" ...' . ~, 
rE;ducating for better toniorrow ~. . ':.,::: " . 

C> 
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15.28(B} 
·····Thefree body diagram ofthe capillary tube is as shown in the figure. 


Net force F required to hold tube is: 
 5, T><21IR:c:' 

5,-Tx2itRfj'''':' 

F =force due to surface tension at cross-section 

($1 + S2) + weight of tub~ = (21tRT + 21tRT) + mg = 41tRT + mg 


15.29 (A) 
mg 

Free bodydaigram 
o i 

- fAT = f~ dxo?x 
T 0 

T  m 2 x 2 
- -0) 

f! 2 

of capillary tube 

::::> 
Fl 

y= AM III = 
Fl 
Ay 

~ T+ATI 
; 101111 -.-x- k 

2 2 
m~dx m 0)2f!3 213 

~ Ai = 
AY III = i..SAy' III = 6y 

Af! ex:: 0)2 

0)2 = 20)1 

15.30 	 (C) 
The force F 1 causes extension in rod. c:=-__-;--'MF1 
F2 causes compression in left half of rod and an 
equal extension in right half of rod. HenceF2 does F2 . 
not effectively change length of the rod. +---<0 

C 

15.?1 (AB) 
The maximumhorizontal distance from the vessel comes from hole number 3 and 4 

v = ~2gh ~ h is height of hole from top. 

~2(H -h)
horizontal distance x = vt = ~2gh g x = 2.Jh(H-h) 

15.32 	 (AC) 
The pressure at any point can never have different values. Hence (A) & (D) are not possible. {Calculate 
the pressures at poinfsA & 0 from both their left and right} 

A 

In case of insufficient length of capillary tube the shape of meniscus is as below: 

( 

(Stationary fluid) 

~esonanc:e 	 ", ... :;;·.··''''·r~ 	 .. :... 
. . ':.:" •. ~e.c;lucating for better tomorrow 	 . .' . ,.~ ''C'''' ..~ 
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·;~.33 (A) 
Since the net bouyant force on the brick completely submerged in water is independent of its depth 
below the water surface, the'man will have to exert same force on both the bricks. Hence Statement-1 
is True, Statement-2 is True; Statement-2 is a correct expianation for Statement-1. 

t5~34 (C) 

. Tension at a point on rod of (length L) at a distance x from point of application of force is 


( I T =F (1 -:I) in both cases. 

. . 

C) Hence weight has noe~ect ontension in.~ituation of figuie(ii}. 
Extension in rod occurs due to force acting at any point on the rod. In certain cases when net force·actsat 

C' the centre of rod like weight, extension due to this force may not occur like the given case. 

(5.35 (D) 
\ 

dy =~ _ g/2 
{ dx a + g - _ g12 +9 = 1 ... .. .. (effective 9 will be g - a =g/2] 

y 

(' , Y(OA)

\J.36 (C) . 
 •r·?<.(2.2) 

As the slope of fre~ surface i~ 4.5°. Thus free surfac~ p~S~~sthrou9hc:n.- r··· ...·1 i 
tre of box and having co-ordlnates (2,2) at top of box. Thus length of ex ____.::...______ 2 m 

posed top part- = 6 - 2 = 4 m. 1 mI'" . I( 45°1', .' I * 
(4,O} x 

1'1.37 (8) -6m .. 11 

" P =PA + pgerrh =105 + 1000 x (10/2) x 1 =0.105 MPa 
/' 

15.38 (8) 

( . P =(105 + 103 x 10/2 x 4)N/m2 = [0.1 + 0.02] MPa = 0.12 MPa 


(1.39 (A) 

1 . 
As maximum slope of free surface is "3 for the condition of non-exposure of bottom of box, then 

a.( ax 1 
--=
a y +g 3 


2. ... -

as 
 ax =g/2 IIL·,~lax

( 3a. x = ay + 9 
I+-- 6 

ay = 9/2, thus g/2l,1pward. '. 
.r. 

(15.40 (8) 

( , F =pA(Vo - 0)2 (1- cos 180°1 =2pAv2 == 2 x 1000 x 2 x 10-4 x 10 x 10:::: 40 N 

("5.41 (C)". F ::: 2pA (Va - u)2 U :: speed of cart 


c du . 

m Cit =2pA (vo - U)2 


( 

. du 
 2pA f dt •.[2pA = 2x 10 x2x10-4 =_.4] _1. ]U = 2pAt- C ::::>1(Va U)2 m.b ::::> m 

3 

10 100 [ Va -u 0 m 

C 1 1 ·2pAt _ 4t---- = ............... (1) 

Va -u Vo m - 100 

{ 
\.. 

1. '.4 1. 1--:::: +-=(, at t = 10 sec. -? 
Vo-u 10 10 2" Vo'"" u = 2 => u:::: 8 m/sec. -'- / .. " ' .. '. . • f' , 'iReSOtlar:lCe '._ ". " '.;;(.~Ea!l,c:atlri!l:for betleitdmorrow '. •. 
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15.42 	 (0) 
F = 2 pA (Vo - U)2 = 2 x 103 x 2 x 1<r4 (10 - 8)2= 2 x 103 x 2 x 1<r4 x4 =1.6N 

, F 
a = M 	= 0.16 m/sec2 .~. '.-, 

15.43 	 (A) 
From equation (1) 

1 - 1 4t 1 1 4t 2 4t ----= 	 t= !Q-=
Vo-u Vo 100 ~ 8"-10= 100 => 80 100' ,16 sec. 

_.
15.44 	 (C) 

F = 2pA(Vo - U)2 1:" 
= 2 x 103 x 2 x 1<r4 x 25 = 10 N 
P = F. u = 10 x 5 = 50 W. 

15.45 	 (A) p; (B) q ; (C) t ; (0) s 
Pressure varies with height => P = pgh 
and is horizQntal with acceleration => P = pla 
so on (A) pgh part is zero while average ofpax is 

0 -+ pia][t2j _ ipa 2 _ (pi3) _ rna
[ 2 --(i) - -a

2 2 2 
In (B) pla part is zero while average of pgx is 

[0+:9i]~2]~ ~g (l3) = p(~3) (g) =~g 
Similarly for other part. 

15.46 	 (A) q ; (B) P ; (C) r ; (O) s 

0+P19h]
(A) On ABeD avg pressure:: [ 2 

So F= [~h}ihl = P19;2i 

(B) No contact of P2 and not any pressure on ABeD due to P2 
(e) On eDEF dUe to P1' at every point pressure is P1gh so average is also P1gh 

so F :: (Plgh) (hl) = P19h2l _ 

(D) On .GDEF due to PI constant but PI is variable so average is P1'WiII be:taken: 

l--.._.

[~19h +{0+ ~9h}}ht] 

15.47 	 23 
Downward force :: Buoyant force 

Mg+4Ta 
Mg+4Ta=a2 xng x== 2

t'_ a pg 

20x10-3 x1O+4x70x 10-3 x 30x1 0-2 
:: 

9x 10-4 
X 1 03 x 1 0 

0.2+84 _ 2084 = 2315 m ::2315cm = 9 - 9 
t~~ ~l:~7 

X == mg+4aT]
Ans. 	 [ a2pg == 23 cm 

• ~~esonance 	 -)I(
, .. __ ~....-yJi'~ul:ating for better tomorrow - ..' 
.. t;~3~~!' __ 
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\ ~A8 25· 
Piston . 20.0628 -20 

Thickness of annular space = '2 .. ·=.0314cm· 


In steady state, gravitational force = viscous force . 

.-~ , .:. . ~ . 

v. 

mg =llA
y 


1 x 10 = 10 x 10-1 x 2nr1 -
v 


\ , . y 
.'.. . ."... '.' ·v··" ·····,·,1 x 10 = 10 x 10-1 x 2 x 3.14 x 10.x 10-2 x 20)( 10-:2'. . 'n 

.. 

. .Q314xHr 
( , 1 =40v 
\ 

1 
v:: 40 = 0:025 m/sec. = 2.5 cm/sec. 

/S.49 5 
\,. Due to rotation, Let the shift of liquid is x cm. 

Let cross-section area of tube:: A c In the right limb for compressed air ~". -.:.> 

P1 V1 = P2V2 .. ')( 
\ PoP- x 6 = P:A (6 -: xt - , 

6Po
P2:: -6- ..... : ........ (1)
-x 

Force at the corner 'e' of right limb cUmb due to liquid above, 

POF :: [6 ' +XP9]A
1 6 x 

Mass of the liquid in horizontal arm ' .. 
m = p (1"": x)A 

It is rotated about left limb, then centripeted force 
( F2 = m roo

2r 

£ +x pAID 2 . 
:: p (1 - x)A ro 2 -.-":: ~ (12- X2). .o 2 2'" . " . 

I' . But F1 :: F2
\.. 

D

1 

r
x 

eM 

·,.- .. '1 

I+--X ~4 . (2'1 x) em ~Ie 

H~ 

pAIDo2{£2 x2):: .[. 6po +XP9]A= 10
3

><10.0>«212-x2)x10-4;: [6X10500 +xx103 X10X10-2]
( . 2 6-x '·2 {6-x}I 

On solving x :: 1 cm 

C then length of air c;:olumn = 6 - 1 :: 5 cm 


40 :>;'J';',.:, ; ..} .. "(.15.50 


" Maximum stress lies in stepped;badn"thepOrtio'cl'oflesserarel:i(5cm2} .' 


..... h' I . . crA/2 cr
( F h arger cross-section = --;:::- ="2,or t . e stress cr In lesser area, t e stress In 

/ 
Strain energy of stepped bar

2 1(l!llllllUUUIIIIIIIIIWIIJ!I( 
cr :. . '. .' (.cr)2 1 . .' 

:: 2y )( 5 x (tOo. ""x}+>i: i..' 2y ")(10)(''( ,
( 

. (j2 cr2 'i c' 

( ='2y' [500 - 5 x + 2.5 x] = 2y [500 - 2.5 x] 

( . cr2 
Strain energy of uniform bar= 2 )( 10. x 100

'. . ........ , .. \ .. Y . ,

( As per'given condition .... ", " .' 

10~cmLJ;.'.. ' i.' .. lo.ocmJi-o"
10()!..x it~ 

2 2 cr cr 
( a " 40. cr
 
'- :-2.". ·.ISOO - 2.5. x] = -. x' -2 x 10. x 100 . . 


!~, •... y .~ . '. 100.. Y . 
( ,: 500~,':2.5x = 400 .' 
" . 2.5x= 100 

x.=40 cm Ans. 

L '. " .";.... • i., 
.".'... e . -* :.::}i;':1:.:•~.' ....s."Or:l.ar:lce .t.·· '. .. tl¥~ucating f/;lr better tomorrow .'0 ••1,,,,. 

http:500~,':2.5x
http:Adl'oncetl):-ll.RB
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16.ELECTRQSTATICS 

161 	 (8),.
::~" '. t 

We can conslqer,~llthecharge inside the sphere 'to be 
concEmtrated~on"thE{center of sphere 
Consideranelementry shell of radius x and thickness dx. 

r 

. K f4 1tX2dX (ax) r 2 


E = KJdq = 0 ' = k4m:x Jx3dX = a.r 

"2 r2 :'.. 4£0
f . ··Y' 

16.2 	 (A) 

..;lEE (Advanced)- RRB GQ 

0' -	 . , 0' 

Woet = qE.d ~ where ( E = 2£ i & d=(X1 - x2)1) Woet= q 2£0 ,(Xl - x2)
o 

16.3 	 (A) 
V =V1 + V2 + V3 
,(where V1, V2 & V3 are potentials due to the three parts of ring) 

1 Q (. 2Q) 1 (3Q) , 1 (2Q) Q 
- 41tf:o . R + 41tEo 'R + 41tEo R' = 41tEo' R = 21tEoR 

16.4 	 (A) 

. '. .. 	 (1 1)
Potential difference due to inner 10C charge = K 10 ~-~ = 9 x 1010 (5) = 45 x 1010 = 4.5 x 1011V 

KX20 KX20) '. 

Potential difference due to outer charge = ( ~ -~ = 0 V 


:. P.d. =4.5x 1011 V 	 " 

16.5 	 (8) 
8y argument of symmetry, it will be half of the potential produced by the full sphere 
.: Charge on hemisphere = 0, so charge on sphere =2Q ' 

.1 K(2Q) , KQ . KQ 9><109 x5x10-9 

~ 2'-R-= R ~ V= R = 15x10-2 = 300V 

16.6 ~ 
Net potential of the sphere due to the induced charge is zero. Therefore 
potential is due to the point charge only, equaUo,potentip"CiUhe,ct;l9tre , 
of the sphere. 

16.7 (8) 

+0-:" ,
, 

;J'. 
. 

+Q:' .0 

+ . ,-- ::-

. +'~d<" 

, . . k P 
EleCtric field at each point on the surface of ring due to dipole is E =R'3 
'. E 

in direction opposite to tMe dipole moment. (figure below) ~\ 
. kQ ,'~ 

Hence net force on ring is F =QE =. :;3 ................. Pt·........· '-... 

r--Altern.ate $ol.ution ". " .J "-./ 
Electric field due to ring at point P on its axis at a distance x from centre Oaf ring is 

Qx kQ 	 dE ,k Qp 
.-

dE:] 
=3E =k. ~ :. Force on dipole = dx= R3 , dx at x=o R 
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;/16.8 

(J6.9 

C) 

r 
\ 

('. 

\ 16.10 

( 
\ 

( 
\ 

/ 16.11 
" 
( 

( 

\ 


r 
~, 

( / 

C.: 16.12 

,.( 

( .16.13 

{
'I.. 

. 16.14 

;{ 
",-. 

(8) 
. '.,eE:::;me ro~r (Balan.cing oHorCesone7). 

O'R' ···:m'oi2:R;.,,'.,;,' ,.: ..... :,;" 

. Also, Vo -: V =...;, , fE.dr ~iE.dr .-e. fn:lr... , " ':';(; '!!Jct
R . R 0' e .. 0:-; ;. 

~f" t",:'
2
 

So, . V::: ffi,em. ,f3,2
=> 
2e 

(8) 

, ~1~bK2q2
KQ' ; ~ _ 2 .. r4 ' '" . 1 eou = _ 1 e E2 _ 1 e K2

'Q2'
2 0 - - 0 => v= -- =>

2 2r4 r v2 - K2Q2 = '2 r2: 

r2 

u 1 
because 2 a: 2' v r 
so the correct option is B. 

(C) 

<V:;:; E·dS 
since r« R so we can consider electric field is constant throughoutttie surtace6f smalier ring, hence 

x 

<V a: E a: (R2 + X 2 )3/2 


SO, the best represnted graph is C. 

(e) 

Let q be positive. 


If it escapes then from energy conservation principle, imV 2 + K~q .=0 s 

v =~- :~q {N.ote that Q is negative, ther~fore the quantity with~n the root is positive.} 

, . . ',. . ., ,..' ... 


Va: JO. v. 

When q is r:legative, escape velocity will be zero 

due to electrostatic repulsion frorn negative Q .. 


(8) 

11 . 1 A, " : , ~: 

E=-Vv =+21+21+2k =i+J+k 
x y z· 

" :. :;',1 

(8) 
There exists a point P on the x-axis (other than the origin), where net 

electric~eld is ?ero.Once the charge Q reach~spoi,nt P, attractive forces. y 


or the two -ve'~h.atge wIll dominatei:lrid;a6tcimaticail~/cauS:e the,dharg'e:tt·;". ':;il~~. 

to cross the ongln. ~ '0 i 

:~. if Qis projected with just enough velocity to reach P, its K.E. atP is jJpv Q x 

. Bufwhilebeing attracted towards origin it acquires K.E.·& hence its net' 
...2f2q 

energy·;althe origin is positive. (P.E. at origin =zero). l~ ."""v·<:..., .. . ,.,'. J.'1' . 

(8) 
9v = I£p;!= = 9x109 x(21 -3] +4k).(21 +21-k) - 9x10 x{:t'\,6i:r 4) V ~:~2)c109 YOltsAns. 

. r3 [22 + 22 +12J3/2 - 27 ... ..~ 
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16.15 '(A) 
Tile distributienef charge en the euter surface, depends enlyon the charges eutside, and it distributes itself 
such that the net, electric field inside the euter surface due to. the charge en euter surface and all the euter 
charges is zero. Similarly the distnbutieriof charge en th~ in'ner surface; d,ependsenly en the c~arg~~ inside 
the imier surface, and it distributes itself such that the net, electric fieJd eutsi~e the inner surface du'e to. the 
charge on inner: surface and ail the inner charges is zero.. ,
f.lse the ferce en charge inside the cavity is due to. the charge en the inner surface. Hence answer is eptien 

16.16 	 (C) 

, Q 


Using the fo!:.mula fo(electrip field,preduced 9~(Jarge sheet E = 2AEo" 

We get; . 

04Q 	 2Q .(-1) ~.(+I)
EA = 2AEo (-i) 	 EB = 2ko Ec = 2AEo 

16.17 (D) 

VB - VA = - JEx dx =..:. [Area under Ex - x curve] 

1 ,- , 

,VB :,,10 ,=: - '2 .2. (~2~) = 20 


VB =30 V. 

16.18 (C) 

_ kq2 	 1 kq2 mv2 mv2r2 
F - ._. 	 => --=-- =>(k = 47tEo ) 	 Rc= kq2r2 ' 	 r2 Rc 

247tEoV2 r m 

Rc = 'q2 


16.19 (8) 

EQ
Speed will be maximum whenacceleratien becemes zero.. ie when Kx = EQ =>x= K 

1 1 
By werk-energy theerem : wall = A KE => EQX - - K X2 = - m v2 

2,.; 2 

Substituting x =EQ/K, 


Vma• = QE/.JmK 
Cempressien will be maximum when velecity becemes zero.. 

1- " ' 2EQ 

Wall = A KE => EQX - - KX2 =0 . Xma• = 
2 ' K 

16.20 ~ 	 . '. " .. ' , . 
OEH is an equipetenti~lsurface, theunifQrm EF. rnllstpe perpendicu.lar to it pointing fre,m higher to. 
lewer petentiai as shewn' " ., .,.. '" 

oJ . 	 y: .' , ° 0iO- j
Hence, E= - . 

(, J2 ',.. ' 	 v=1 

E = (VE - VB) = 0-(-2) = J2 Vim 

- ° r,:- (i - h ~. ~). , 
, E=E E=v2--., =(I-JV/m'.",0.... ,.' J2' >. .. " 

.esonanc:e 	 "' •
.' . , .~~~ucatin9 for'better tomorrow .,.. .... . 
", :-:::~:'-;~:;".~.:--.;.. 
.~~ :. 

v=O 

c· ' 
v=-1 

o 



'_~nswers & Solutions (Seciion-I : Physics)ro:JEE(Advanced)- RRB .c.tl 

('6.21 (e) 

·kq . 	 _kq kq-"
V = -+V, = V = kq Vin'- --	 '.P r' In c	 r r~" 

r 

16.22 	 (e) 
The electric field intensity due to each uniformly charged ·infinite plane is uniform. The electric field 
intensity at points A. B, e and D due to plane 1, plane 2 ·and both plane~ are given by Ell E2 and E as 
shown in figure 1. Hence the electric lines of forces area~ given in figure 2. . 

z 
-O'E, 	 z·E,. E 

E't 
(. 	 Bt4E2 E2~A 

1 x 

E E 0' 


C!,\:2 ~D 
E EE,. E,

2 
(figure 2}(figure 1) 

Aliter: 
( 
\. 

Electric linesof forces originate from positively charged plane and terminateatneg'ath/E:llycharged 
plane. Hence the correct representation o·f ELOF is as shown figure 2; 

16.23 	 (e) 

The acceleration of centre of mass of system of particles is 


a = (ql +q2)E 

em 2m . 


x-coordinate of centre of mass at t = 2 second is 

( =..!. 2= 1 (ql+q2)Ex22 = q1+q2E 
xem 2 acm t 2 2m . m 

( Let the x-coordinates of q1 and q2at t = 2 sec be x1and'S; [x1 = 2a at t::: 2 sec.] 
\. 

. -	 mxl + mx2 _ X1 +X2 -2 - 2(ql+q2)E 2 
( •• Xcm - 2m - 2 or X2 - Xcm - x1 - m - a 

(16.24 (A) 
The bowl exerts a normal force N on each bead, directed along the radial. line lor at 60° above the 

( horizontal. Consider the free-body diagram of the bead on the left with the electric force F eapplied. 

«« I »» )x 

. LFY = N sin 60° - mg = 0
I'

=> N= mg/sin60° 

Kq.·2 . mg. mg . 

LFx = - Fe + N cos 6Qo = 0, => 'R"2' =N cos 60° = tan 60° := ..J3 .f·( 

y"" .
• 

f 

mg( 	 mg )1/2
Thus 	 q =R( K..J3 

(16:25 w 	 ". 
( The potential at centre of sphere in which q charge is uriiformly distributedthroughout the vol 1,.1 me is-

t 3q
V =--C c 4m:o 2R 

L By symmetry the potential at centre due to half sphere wmbe half of the complete sphere .. 

t 
\.. . v =_._1_3q/2:::1 _1_3Q .. .9.=Q 

. . c 41teo 2R 41t1::0 2R [. 2 ] 

(,/ 

. "', ;- ~.; ;';'-': .. ,,;;:~, .
~."'.'.' ..... (.t.• 	 _. ".~.,•••( .

. .  , .

(tNes.onanc:e17EClucatino fnr h"It"r." ..... ~A~ 
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16.26 	 (ABO) 

Increasing the accelerating voltage means increasing speed of the electron, therebydecreasing time 

spent between the plates. It will reduce X. 

Increasing deflecting voltage means increasing electric field betWeenthe-piates, making acceleration 

o! electron greater. Increasing distance once again will change electric field between the plates. 


:-~ ) ;16127-(ABC)' . 	 .-" 

2u 2.x,10. 
Time of flight (tl = -, = -''- = 2 sec 	 __,) E::10i N/C, g 10 

2 tOLD
H=u _10x10 


2g - 2x10 = 5m 

IE R )1 


R -O ,1 (qE) 2_1 10~3x1 x2x2 -10- + - t - - x --'---,-,---- - m
2 m 2 

16.28 	 (ABCO) 
Charge on a = (r a) A 1 1 

C~ar~.eon ~2 = (r2at A, 

r1 
:. R-atio of charges = -r 

. 2 

K[(r1 alA] KQ1 

E1, Field produced bya1 = r12 = 
T 

KQ 2 

E2, Field produced by a2 = T 


KQ1 x = rz 	 KQ1 -~ ---x 
So, E2 	 So, E2 - r2 rrl KQz r1 	 1 

KQ2 1 

As r > r12 
Therefore El > E2 
i.e. Net field at A is towards a2• 

, K.(r1a)A .". 
K.(r2 a)A =ka A =>V ;=;-V •V = 	 . . = Ka.A ::::> V2.= r " ,1 r '.\ .. 	 1 21 	 2 

16.29 	 (ABO) 

O~X ~ a : V, =[- j~'dX]+ V,O) = 0)0 (as E,. = 

(j 

x ~ a ; V= - jExd'X+ V(a) = [-j~dX]+ "<a) --;- (x - a) 0)= 	 ; (As, Va = x :::;,0 
,x 	 a a Eo o 

x 
~.X; Vx = - JExdX + V{O) - -(-~.X) + Yeo) = ; (As, Vo = 0)- EO 	 EOo 

16.30 	 (BCD) 
Vat origin :f::- 0 

K(-q)r K.Q.r . [ . 1 ' '2:;2 1 . 

E(r =2 m} = (Rf +r2 )3/2 +(R~ +r2}312 =K.rq - 103/2 + 2312.103/2 = 0 


From origin to r = 2, field is towards origin. 

·t~ 
" , 	 "'"'~:t It .~.-::_ 

z:::z;:::: .- .". .' '\"'~'", ';":,::_.'-w 
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',6.31 (ABC). 	 ..... .'. 
Charge is distributed'over thesurfaqe of conduqt()r in sl,lqh away that net field due to this charge arid 
outsTcie charge q is·zeroinside~Field due to only q isnen-zero. . 

.6.32 (0) 
Potential at a point is zero does not imply that electric field at same point should be zero. For instance in the 
equatorial plane of a dipole, potential at any point is zero but electric field is not zero. Hence statement 1 is 
false: 	 . 

. . 	 . - . 
(~ No electric field in .sp~means, potential at all points in space is same. Hence potential difference between 

any two points is zero. Hence statement 2 is true. () Staten'lent-1 is False. Staternent-2 is True. 

C'i6.33 (D) ." '. ,'. . . '.' . . 

For a non-uniformly charged thin circular ring with net zero charge, electric potential at each point on 

its axis is zero. Hence electric field at each' point on its axis must be perpendicular to the axis. 

Therefore statement 1 is false. and statement 2 is true. 


c 
16.35 

( 
'16.36 (C) 

( Vball =0 

\ 
( KX +- '0KQ 

r R 
( 

Or 
x=-

( 
\ 	

R 

\. 
/ 	 Potential difference Vs Vb == KO + Kx

R R -becaUse potential difference depend only 6n charge on inner 
C 
surface after electrostatic condition is reached after grounding. 

--
( 	

Vs - Vb == K~[1_ ~]
C 	 \ 

( 	 16.37 (D) 
'I 

Let the speed pfcharQesA andS be VA and VB when the separation between ther:nJ~ to' TJ:len from 
conservation of momentum .( 
-mVA+2 mVB= 0 or . VA=2 VB' 

( Applying conservation of energY,as the separation increases from eo toUo· . 
Gain in K.E of systemefcharges ;; Loss inelectrostatiq p<:>t~ntial energy of the system of charges. 

l 1 1· ·1 2q2.12q2'· 

-mvl +-2mV: = -------- 
2 2 . <4nEo £0 4nEo 2£0C 

( 	 (V)2 21 1 1 
or -mVl+-2m -.-8.. =--~ 

2 2 2 4nEo £0 . 
C 

" 	 '. l' q2.( 
Solving we ,get the speed of charge A is VA = ,1 3nE m£ . 

o 0 	 ~. 

( 

t 

"'-" 
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16.38 	 (8) 
The work done by electrostatic force onchargeA,· from work energy theorem, in the given duration is 

= Final kinetic energy of charge A - Initial kinetic energyof charge A =im~l~o . 

1 2 	 ." q

=-6-e .The sign.ofwork done is positive 


1t&o 0 . 

16.39 	 (C) ,'r .-!,.,.~_~."".,p;-'_!' ..... -'-:. 

The net work done by electrostatic force on system of two charged particle is equal to change in 

electrostatic potential energy of the, system 

1 2q2 1 2q2 1 q2 ... 

= ---- ---= ---- . The sign of work done is positive 


41t&0 eo 4m:o 2eo 41t60 eo 

16.40 	 (8) 

16.41 	 (C) 

16.42 	 (D) 

Potentials at the centre 

1 q1 q 

v1 = 41t&0 r; v2 = 41tEo r 

Potential energy in situation I is 

1 (q/3)2 1 q2 
x

U1 =3 41t60 (JiR) ::: 12.J31tc. Ro 

When one charge is removed, the field 

intensity althe centre is due to the situation B 

removed charge only. 


E ::: _1_q/3 1 q/4 

1 41t6o 7 => E2 = 41t6 7 :.
0 

16.43 	 (8) 
Consider two small elements of ring having charges +dq and- dq sym~ 
metrically located about y ..axis; 
The potelltial due to this pairaianypoint on y-axis is zero. The sum of 
potential due to all such possible pairs is zero at all. points on y-axis. X'c 

Hence potential-at P(O, ~) is zero. 

y' 

16.44 	 (A) 
Since all charge lies inx~y plane, hence direction of electric field at point P should be in x~y plane 
Also y-axis is anequipbtential (zeta potential) line. Hence direction of electric field at a/l point on y-
axis should be normal to y-axis. . 
:. The direction of electric field at P should be in x-y plane and normal to y-axis. Hence direction of 

. electric field is along positive-x direction. 

q/3 
situation A 

E1 4 
-=
E2 3· 

.y 

~ Y 

.~~ 
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16.45 	. (C) . . . . 

Consider two small elements of ring having charge +dq and -dq as shown in,fjgure: 


. The pairCOn!tftdtes a dipol~ ofdipole moment 

dp =dq,2R = .(i..Rd0);2R 


The net dipole moment of systf,lm is vector Slim 

·of dipole moments ot'all such.p8irs of elementary charges. 

By symmetry, tne resultant dipole moment is 
 x·( 

r along negative x-dirEiction .. ' . . 
I.. 	 , : ' ...~- --,-, -,' .~ 

. . +1t/2 .... +1t/2 . 

:. net dipole moment = ;;;:.-J(dP~OSe) i = - J(2A.R
2

cosed8)i 
-1t12 -x/2 . 

y' 

= - 4R2 A. i 

16.46 . (A) p, s (8) q, s (C) q, s (D) s 

·1' {_0)2 0 2 

(A) Electrostatic potential energy = 41t EO ~ = 81t Eo a 

( -	 . 1 [ (-Q)x{-O). (-O)'1 .]. 3 0 2 . 
(8) Electrostatic potential energy = 41t EO 5a/2 + 2(5a/2) = 20 1t e~ a 

302 0 21 3 
(e) Electrostatic potential energy = 41tEo 5a = 20 1t EO a 

\. 

.2702 ..! 	 (_0)2 (-O)x (-Q)]1 [3Q2 
\. 

(D) Electrostatic potential energy = 41t EO Sa + 2(2a) + 2a . = 801tEoa . 
I" 
\. 

16.47 1 
(
\. 

The path of the particle will be as shown in the figure. At the point of minimum distance (D) the velocity of . 
the particle will be 1. to its position Vector w.r. to +0. 


( .. Now by conservation of energy:.: 


1 1 KOq( -mu2+O= - mv2+ -.-	 ...... (1 )
2 2· rmin 

Torgue on q about 0 is zero hence angular 
mornentum about 0 will be conserved ( I

\. 
=> m v rm1n =m ud 	 .: .... (2) . 

( 

by (2) in (1) => ~mu2 = ~m (UdJ2 + KOq
( 	 2 rmin rmin 

2 2
-mu2 	 1- ....__ . _ mu d( => 21 [ r d ) -_. { .: .. f(Qq =mu2d (giv~~) } 

min2 rmin 
, 
'l 

.. 2d±.J4d2 f4d
2 

;. d (1f~j( => r2min - 2rmin d"" d2 = 0 => rm1n = 2· 
f· 

\... 	 distance.can,notbe h~gative 

11 :I: , ·11 ¥x. 

q 

r 
'L. rm1n = d(1 + J"Z)Ans. 
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16.48 	 11 

Flux through ABCD. 


-.;- .,: ~z'1= EA 

= (x2 j + Y ] ). (_a2 i ) 

=0 as x =0 


Flux throughEFGH 
). L 

x 	

~y.. '2= (x2i +yj). (+a2 i) 

= )(2.a2=a4 ::: 1.0 X 10:-4 Nm2/C 


':-.- ,. '.'"':" .'--.- .Flux through BCGF 


'3 =(x2 j + y1). (a 2 J) 

=a3 =1.0 x 10-3 Nm2/C 


Flux throligh EADH 


'4 =(x2j + y] ). (_a2 ] ) = 0 as y = 0 


Flux through ABFE 


'5 =(x2 j + y] ): (_a2 k ) =0 


Flux through CDHG 

+8= O· 


Net flux =(1.0 x 10:-4 + 1.0 x 10-3) N-m2/C =11 x 10:-4 N-m2/C 

16.49 	 6 

Assume a solid sphere without cavity. 

3 1 (~1tR2 p) _ pR2 

Potential at A due to this solid sphere ~ VA' = 2 . 4x E 


.0 R - 2Eo 

Electric field at 'C' due to this solid sphere =Ec =3 -AC . EO 

Nowconsider the cavity filled with negative charge 

4 (R)3
1 3 x. "2 (-p) pR2 

A ... s-
VA" = 4XEo ~ = 12Eo ··0·...~.. 

2 

- -p
E"· =.- BC

C 3Eo 

Now net values for the solid sphere with the cavity can be given by superposition of the above two cases 

. PR
2 

(1 .. 1). 5pR2
Hence, VA =VAt ~ VAil = E02-12 = 12 EO 

- - - p .. - -)
Ec =Ec + Ec = 3Eo {AC- BC = 3Eo AB 

. 5pR2 .. , pRV ;;"_c._._ E-P (RJ =~ Ec = 3Eo 2 6 EO 	 Ans. A - 12Eo I C - 6 EO . 
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17. 
" 

( 17.1 

l j 

C) 

( 17.2 

( 

(' 

\ 

c 
( . 


( 


( 
\ 

( 

( 

( 

( 

17.3 

( 

( 

( 

( 
17.4 

( 

c/ 
t 
( 
\... 

r 
\., .. 

GRAVITATION 
'.', . . 'i'·;·C. ".;C'",,;., '''. '<", .. , ...11.'. 

(A) ;""'<"',"" .~:,,;,c~," . 	 .. . . 

Let the minimum speed imparted to the particle of mass m so that itjust- reaches slirface of earth isv. 
Applying conservation ofebergy . _ . . 

1 (3 GM ) . GM 
- mv2 + ---m=. --m+o
2 2 R 	 ... ' R 

[GM
Solving we get v = -V"R 

'",.j.. 

(B) 

Gravitation field at mass 'm' due to fl!l! solid:sph.~re 


E1 = pr ::: pR ....[eo = _1_] 
3eo 6eo 41tG 

Gravitational field· at mass 'm' due to cavity (-p) 

E2 = {-p){R/2)3 
................. [;:::,].
3eoR2 

(-p)R3 -pR 
= 2 = - 

24eoR 24eo 

Net gravitational field E= E1 +E2 i:: 

mpR
Net force on 'm' -;)- F = mE = -'

8Eo· 

M 1 
Here P = 4/31tR3 & EO ,= 41tG 

3mg
then F=

8 

(A) 

R 
In A AOB : - cos 60° = OB =>OB= ?R(where 08 is orbital r~dius). 

Here gravitational force wllfproVide the required centripetarfOrc¢. , .. 

GMm 	 . -'}v " B 
Hence (OB)2 = m(08) 0)2 

~~ ::;. T~" 
=> 0) = V<0B)3 = V(2R)3 0) =VSR3 

(C) 

21t 21t . 

...... " .. .., - 0)1 + 0)2 = 21t 21t' T 1 = 24 hours for earth. 
 ",". 

-+
T1 1."2 

(0)1 + 0)2 is the relative angular velocity for opposite dlfection) . .' . ' 

=> T 2 = 12 hours (T2 being the time period of satellite, it will remain same as the distanG.~ . 

from the centre of the ~arth remains constant). 


21t 21t.. . . . " . ;.' .., .' . " 
T = ---- = 2 2 = 24 hours'(0)2 - 0)1 is the relative angular velocity' for sama'direction)=>.' 0)2,-0)1 1t 1t 	 ., . . . . . 

T2 T1 

pR pR p.R' 
6Eo - 24Eo = 8e~' 

..--~.-".-. 

.~;",.;:~J''<::'' 

c 
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17.5 	.:«A) 


, 'Centripetal force =net gravitational forc~ 


2mv
__0 = 2Fcos 45° +F /' , 

r 	 1 

2Gm2 1 Gm2 


=(Jir)2 ./2 + 4r2 


mv~ = Gm 
2 

[2./2 t 1]
, (Gm(~~+1)r

~ 4 2 , => 
r 	 'r 

17.6 	 (e) 
M == cr4nR 2 MB = cr4n RB2 where cr is surface density. 

A A • 

-GMA -GMa 

VA=-R-' V =-R

B aA 

VA MA Ra cr4nR~ Ra _ RA 

Va = Ma RA = cr4nR~ RA - RB 


VA RA , 3~ 4 

Given - = - =- , then' RB =3" RA
Va RB 4' 

for New shell of mass M and radius R 
M=MA + MB = cr4nR/ + cr4nRB2 cr4nR2 = cr4n(RA2 + RB2) 


V 	 M RA Cr4n[Ri -+ R~] RA ~""R-i-+-R-,-~ 5 
then 	 = VA = R MA = (Ri +R~)1I2 cr47tRi =RA 3 

17.7 	 (D) 
Mi RGravitational potential at 'p' 

.........{~~
-GM 
mV~ = rsR 

....•.p 

Gravitational potential at '0' 


2R

V =_ GM 

o R 

work energy theorem W =AK => m{Vp - Vol = 1/2 mv2 


GM 
[-.;..-'GM]-' - ~, 2 m'2GM['1--",-'- 1 J

m R J5R- 2 mv ' 'R: '.1&,,- V . 

17.8 	 (D) 

Let,mass per unit length of wire. A. =m 
i 

and nr =,i, r = !.. 
n 

mass of element, den :; Arda 	 AY 

Gdm 
then dE =- -, r2 

'" _ '" fGArdO 	 , E: . eCIlSIdE - 2 (i cos a + Jsin a) 	 ,:0 r B )x , 
o ro 

,E = GA [ficoSOdO+ flsina de],
' r 0 ' ' 0 

2GA ~ 	 _ 2Gm J =2Gmn J (along y-axis) =-r-J - ir i 2 

http:Advanced):-/f.RB
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17.9 


c, 
c') 

( 

1'- ~ 

'. 

( 

17.10 

.' 
\ 

, 
\. 

(/ 17.11 

( 

( 

( 

C 17.12 

f 
\.. 

(C) . 
During total eclip,&e::-:. 

~ GMsMe GMmMe' 

Total attr~ction due to sun and moon, 1 = +--'r2
r2. ;:-'::" 

1 2 

When moon goes on the opposite side of earth... 

~ _ GMsMe __ GMmMe 

Effective force of attraction, 2 - . 22 
r1 r2 


LlF = F1 __ '~~':/= 2GMmMeChangein force, r2
2 

LlF 2GMm 
Change in acceleration of earth Lla =Me =T 

Fl +F2 GMsMe 
Average force on earth, Fav = --2-..- = rl' 

Fav __ GMs 
Average accelera.tion of earth, aav. = -M' --'-2

e . r.. 1 

. 2 

Lla x100 = 2(!L)·Mm x100%age change in acceleration = = 
2Grrii x~x100 

aav r2. GMs Msr2 

(D) 

GM GM . GM. .'. GM GM·
Vc=-a- 2a ; ~=.(2a)2 ;AlanypointPinside Vp=--a-b 

GM ". 
Ep = b2 {only due to outside mass M} 

(8) 

Consider a small area (shad~d ~trip).. ..... 

here Esel'= GraVitational field due to this strip , ." " ,;.", 

and E:ei<t = Gravitational field due totherest of sP~,~,fiR~I~h€lJL". 

E

in 
= GraVitational field just inside the strip .'.' > •• . 


Gravitational field just outside the strip'
Eout = 

-- Eself = a .
Ein = Eext 


=> Eext =Esel~ 


GM GM 

Eout =Eext + Eself = R2 '. => Eext = 2R2 . 


After the shaded area has been removed there is no Ese1rand OnIYr~ext.. 

GM . 


hence, Eriet =.Eext = 2R2 


. , 

". ., 

.. .... 

(A) 

R m 
2R GM(;) dx _ GMm 


dx
F= J2- 2R2 
R X 

~x---+ 
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17.13 (8) 

-+ -+
M, 8, 82 M2 

~--~ 
+--R~ 

GM1M2 1M 	 GM1M2 1M 
a1 -- . R2 1 a2 = R2 2 

acceleration of M1 w.r.t. M2 

G(M +M ) 	 GM 
a =a +a = 1 2 

rei. 1 2 	 R2 = R2 ·• 

17.14 (C) 

50 1 12GM 

v = 100 Ve= 2~R 


GiVlm 1 2 GMm 
Applying energy conservation ~ ---.+-mv =-- 

R 2 (R+h) 

1hv2 = 2GM. _2GM .!. 2GM = 2GM(1 __1_) -=~ 	 => . R R +h 4 R R R+h 4R R(R+h) 

~. R + h::: 4h ~ h=Rl3 
\,~ . 

17.15 (AD) 

2mr 2r 
~ - - T~ = 41t2ri 
2 - m+2m 3 Gm 

321t2 r3r.2 ... 

2 = 276m 


112T ex:,.,12 T2 ex: m
2 

~ 
17.16 (AC) 

(A) It will fall because mg is acting on it towards the centre of planet and 1 
initial velocity is zero. It'll move instrctight line. 

. (C) Time of fall.Can be found by tWo'rnethbds : 


.. I Method :ey e~t\lrgy conservation 


. 1 ........ ··GMm .-. GMm 

;:...mv2 ....-.--...- :: 0....; ~ -(1) 

. 2 '.. r . R 


·~sirig~thi~W¢.getV= f(r). Now use . 

. ""' ,'.- '.," ,,'''.;,- .. 

.... dr'·· .' 'dr 'f ~.V=';"'~ ~f(r)=-- 'vdt dt ·t' 
r 

R'dr t 


~ Jf (r) =-/dt ; R' =radius of the planet. 


In the final expression (or in the beginning itself) .R' .-,7 0 {',' R > > R'} 

. T 
you will get. t = 4../2 

. . GMm . (21t)2
Here R'2= m T R. 

~esonance 
:lueatinn 1M hottAr t,..mnrl""w 	

'.. .. ...•. 
.' " :; 	. . . ~z~ 

'.M_:::",,,"_ 
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Note: This method is longer. If a student gets idea of solving the 

question only by this method then it is better to leave this question' 

becauseit'will consume more time. 


" Method: Kepler's Law : T2 a, .-3 . 
Assume that the satellite moves in elliptical path with maximum and minimum distances from centre as R 

( andR'. 


R »R'
() 
velocity at R is very small (:: OfWh~n it reaches R' then it touches the surface oHhe planet. This 

motion (from R to R') is almost, same as given in the question. 

T2 r3_1__ 1 
Now Ti - ri ' T1 =T, r1 =R 

(
R+R' R 

r=---
2 2 - 2c' 

t, T 

T2 =4./2 


17.17 (A)
I 

Till the particle reaches the centre of planet, force on both bodies are in direction of their respective 

( velocities, hence kinetic energies of both keep on increasing . After the particle crosses the centre of 

planet, forces on both are retarding in nature. Hence as the particle passes through the centre. of the 
( 

planet, sum of kinetic energies of both the bodies is maximum. Therefore statement-1 is True, Statement-2 

( . is True; Statement-2 is a correct explanation for Statement-1. 

(
\, 

17.18 (8) 

c 
The total mechanical energy of the system after firing the rocket will increase by 10%. 


Hence (8) 


( . Note: .... 0.9 Eo> - Eo 

\. 

17.19 (A)c 
Because the mechanical energy is negative, a decrease in magn;tud,e isi~cJe.~~~ ~~~l~y.. - '.' '" . " "-'" 

( 

( 
GMm 

'.'.Eeu = 2a =!: (6400+300) 

Ecir. GMm a =;> 0.9 = , a .; =;>


C 2r 

(, 
\. 

17.20 (D) 

C Ma.ximum distance from the centre of the Earth will occur whenthe spacecraftisaCapOgee thus 

L 6.7x104 
rmax = 2a - h - r = 2x -6700 

9L 
r 
\.." 7.37x104 1.61x104 k 

hmax = rmax - Re = 9 
-6400 = 9 . m. 

c 
c 
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17.21 	 (A) P ; (B){t) ; {C} (r) 

(B) 

Angular momentum of particle=m{vo + v) a 


. ~5= - mva .... Vo =~G~e4 Q 

Total energy of particle = .~. 'm{v + V)2 ~'_G_M_'~e_m_. 
o 

.. : .1";( 5mv~2.£GMerTl-
2.4 0 . a 

= ~ GMem _ .GMem .. 
8 a a 

3GMem 
a 

At any distance 'r' . T.E. = 2'1 
mu2 - GMem 

.. 	 r ~ 

but angular momentumconservation 

mur=m ~5GM_._e. a 
·4a 

". ~'5 GMea 
u- -- - 4. r2 

T.E. at any distance 'r' 

1 5 GMea 'GMem 
=--:m-----

2. 4 r2 . r 

but through conservation of total energy 


1 5. 	 GMea . GMem 3GMem 
=··-m· ..,...··-·2-·-· .... -.-''-.-. = - .' .... :'
24 r . r a 


on solving 3r2 ~8ar + 5a2=0 

(r '- a) (3r - 5a) = 0 

r =a, r = 5a/3 


minimum distance = a . 

maxirnurndi~tariCe=5~13 . 


17.22 	 (A) p,r (B) p,r (C)q,r (D) p,r 
(A) 	 At centre of thin sph~rical shell V :10 0, E = O. 
(B) 	 At centre' of solid sphere V:Io 0, E;::; 0; 
(C) 	 At eerllreofSphericai cavity inside solid $phere V ;tio, E i:- O. 
(D) 	 Atcentre of two point masses V:Io 0, E=O. 

17.23 	 4. 
Speedof theballwhieh can cross 10 m wide river is 

V2 sin{2x 45°) . 	 fI09 
R = 	 ..= 10 v = 10gg" , 

. Let the radius of planet is 'R' " then 

4 4 2xMe _ 2MeR3 

Mass of planet M = '3 1tR3 X 2p. =-1tR3 x 4I3itR3 - R3
.3 '.. e e 

.~._____...;.,;_-'--..;.;;.__~______~-......._------.....".o...,-..;.;...~:...;..,;o"""":~~.:_ 
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Escape velocity on planet v=~2c:r,~= ~10g.- -r' 

f"-' • 

'. ,7.24 

( 

( 

c 
( 


( 


( 

I 
\ 

(' 


( . 

"-17.25 

c 
( 

{ . 

( 

C· 

C 

L 

c 

2Gx2xMeR3 _ J10GMe . [g: GMe] 
- R~ ........ . R;
R3R e 

2R = ~10Re 2R = ~1Ox 6.4 xi ()6 

3 
ax10 = 4 x 103 :: 4 Km. R=· 2 

'. ;4.~ 

0 

Slope of displacement vector 
y 	 displacement 

direction. 

m1 = 4'
3 

xSlope of force vector 

force direction 
4 

m2 = - 3 

3 4 
m x m = - x -- =-1 

1, 2 4 3 

i.e. force and displacement directions are perpendicular. The. work done is zero 

S 

V2Conserving angular momentum m,(V1 cos600). 4R =m,V2.R =2. 

V1 


Conserving energy of the system 

. GMm 	 ~ 2 GMm 1 2---+-mV1 =---.+--,mV24R 2 R 2 

11-2 V2
2- - V 2 - 3 GM 	 V 2 =.! GM2 1 --~ or 14 R 	 2 R 

; .)
8000. 1 I 

Ans.S '~1 =.J2 1/64 x106 = J2 m/sec"1 
·'·.··\F.. ' 

r 
'L 

...,.:;.
tnmnrrnw , , "'--'-i~l:t~',-

. ,:' . '~\'}~~'~?~;" 
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,}1ft 	 CURRENT ELECTRICITY 
"- ;",'; ';. ".';-.'~~:':< 

,"., 

18.1 	 (D) 

,7V 

i = 70. = 1 A. 


Current flows in anticolockwise direction inthe'loop... 

Therefore 0 ..... 1 x2-1 x2-5='V1 


V = - 9 V. .
1 

,~ .18.2 	 (C) 

50 
i = 20+R 

'A
i 

,E 

R 

,y)1 

B~F 

Potential drop across R =Potential drop across AB 

=>~ 	 R=30n20+R.R =30 => 

18.3 	 (B) 

IG= 10mA 

G = 100. 

S (I - IG) = IGG where S is shunt is parallel 

S:: 0.10. 


18.4 	 (A) 
Case I 

II5 

Rx ..!. 	 =(I -..!.) x 4 
9 5 5 

=> Rg = 160. 
8=4

<;-;-'J-, 
Case /I 

16= RgT I"4x2 	
~, 

" ," f GJI----.-- 1611 =6(1-11) 

=> 11 = I113 

so decrease in currentto previous current ' 
 4 

115-1113 8 
2Ans.

115 13 

'18.5 	 (B) 
In figure an resistance are connected in parallel. 

. 2RxR/2 . d' . . II' fI f' A 	 B
So Req= 2R+R/2. an currentm a resistance ow rom 

positive terminal of battery (means Aend) to negative terminal 
of battery (means Bend). . 
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18.6 	 (B) 

wheat stone bridge is hi balanced condition 100n 


100(2tOOx 

100 100 + X
So ~ = (2,, 

~, 	 (1 • t, * t2 ' \..1 	 £=2 => X = 1000 
2 

(J18.7 (A) 
r Power maximum when r = R. 
I. 

So, power consumed by it will decrease. torR> r. 
, 
 .:;;..
~R 
" 18.8 (B) 
,

~ 
Er _ [R+r-r] 

( V = E - ir = - R+ r - E RH 
\.

( 	 ER 
:::} V::: 0 at R = 0 R=O V=OV = (RH) 

( 
\.. 

V = E at R = cx.>:::} so (B) is correct option. 

( 18.9 (0) 

I
/ " Voltage across each bulb will be 
\ 

( V 1 = iR = n~ . R = (V/n) 

( 	
V 2V V 	 V2 

so power developed by each bulb = iV1 = -R' - = -2- & P = 
, 	 n n nR R( 

P( so power consumed by one bulb = 2 
n 

C: 18.10 (0) 

C' For maximum current, net resistance of cells must be equal to 2.50 

(  i.e. n (0.5) 	= 2.5
"- . 	 ..... ; ... (1) 

m 

( & m x n =45 ......... (2) 
solving, we get n = 15, m = 3 

( 
18.11 (B)

C From the figure. 

(, , 
AC1 = AC2 = C1C2 = radius 

C. :. LAC1B = 1200 

/~"~'-Q"'A__~"'~.,,"'\ ' , 
Hence the resistance of four sections are 	 / \C 240{ 120 '. 120 )240
Hence equivalent resistance R across AB is 	 \ " I 

'...... './C 	 ...._ ..........8 .........

1 1 1 1 1 

- =-+ -	 + -' +- or R=40
R 24 12 12 24C 

V2 (20)2
Power = - = -- = 100 watt. 

"·,",,-""" R 4 	 ''',."
\lIesQr:lanCe 	 '",.:1 

C PIC ..~~C!~~II~!I for betterlomorrow 

L 
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A~&Stilulions (Section-I: Physics) 

18.12 	 (A) 
In potentiometer wire pote,n,ti,al differ,e,nee is direct,',Iy proportion~1 to IEmgV1 
Let potential dro~ per unit leng~h a ~otenti~meterwire be ~. .' .... 
For zero deflection the current will flow Independently In two closed CirCUits 

IR=Kx10 .... (1) 

I R + I X = K x 30 .... (2) 

(2)-(1) 


:::;> 	 IX= k x 20 . .. .. (3) 

'Divide (1) & (3) 


R 1 
-=- :::;> x= 2R
X 2 

18.13 (e) 

. A
E=--, where Ais the linear charge density on the inner cylinder.

21teor' 

b 

and V = JE. di =_A_in(E.) 	 .... (1)
a21t~o, a 

Now; 1= JJ.CiA = a JE.CiA 

A = cr--.21trl 
\" , :.'21tEor C 

Current per untilengthwill be : 

aA 

I .... (2)


eo 

From (1) . (1) 

2crrcEo V = 2rccr V 

I = EO In(bla) In(bla) 


.V 

II> = R 


, bJ,1 dx (b)t 

R = ,. a 21txT = 21ta in a 


x=a, ' 
( 

"'-,':2ncrV 
, 1= In(bla) 

18.14 	 (8) 
50 =10[R + r] 
R.+ r= 5 n 

=> RT) =-'-R 0.25=", '.' -,'-,' .
R+r . ' R.+r 


'·R+r=4R 

r::i:3R 


. " ' " 5 
. thenR.= 4 = 1.250, and r =3.75 n. 
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18.15 	 (D) 

P =VI, 50 = 5 )( I 


1= 10A 

Power lost in cable = 12R= 10)( 10 x 0.02 = 2W 

Power supplied to T.R. =50 W - 2 W =48 W 
,

\ 18.16 	 (8) 

The circuit can befalded abQut 8 and redrawn as( 

B() 
R 	 R R .B."2 "2 "2 2 

"
( 

A 	 8 

Hence equivalent resistance betweenAand 8 is 2R., 

, 
\ 

18.17 (D) 

( 
1 t

R=-x-
0" 4n:r2 

( Using values R= 5 x 10-11 0 

18.18 (8) 

( 
\ 

( 

Since current I = neAvc! through both rods is same 

2 (n) eAv
l 
= n e (2A) v

R 
or 

vL 
- =1 vR 

18.19 	 (C) 

( 
'-	 i = ~~ =slope of q - t graph = - 5 (which is constant) 

( Amount of heat generated in time t 

H = i2RT 


C Heel. 

( 	 18.20 (8) 
From relation E =pJ. the magnitude of electric field hfgreafer in right rod as com

C pared to left rod. There fore magnitude of potential gradient in the right rod is greater. - .-"'-- w-_ 

(remember potential is continous). 

Therefore the variation is shown by figure.


( 	 v~ 
!' 	 X
Ie 

l 18.21 	 (A) 
The arrangement is sho~n in figure. Consider the hemispherical shell of radius r and thickness dr as shown. 

C Resistance of this shell is ; 

C 
dr 

dR = O"x 2'1tr2 , 

L 
(' 

'L 

, 1 r=10<;m dr 
R= -,-x, J 2" 

2n:0" r=5cm r 
= 1591,6Q. 

c ~ ~~~-----~'....-.-,..,."'~' 
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18.22 	 (C) 
Redrawing the given circuit diagram as shown belQ,w : 
Using pointpotential theory. 

, . 
V-E 	 V-E V-E .__. +--+--=0 


r r R 


=> 	 (V - E) (-; + ~) = 0 

2 1
As .. -+-¢O so V-E=Or . R 

.... .. V.;..E .. ;. .....•...•. . .. . ..... . 
So, current through R. i = -R- =0 whatever be the value ofR 

18.23 	 (A) . 
Consider an elemental part of solid at a distancex from left elid'ohvidthdX. 

Resistance of this elemental part is, 


pdx 	 Poxdx
dR----

- 1ta2 - 1ta2 

R = JdR rPoXdX _ POL2 
o 1ta2 	 --21ta2· 

Vx21ta2 


Current through cylinder is, I = ~ = 

POL2 

2V 

Potential drop across element is, dV =IdR ="l2x dx 


dV 2V 

E(x) =dX =L2 x . 


18.24 (ABCD) 
(A) p.d. across each cell =Vp - Vo 
(8) If i is clockwise then E2 is source and for anti-clockwise current E1 is source. 
(C) P.O. = E - ir (when battery supplies energy) =E + ir (when battery consumes energy). 

E1 -E2

By KVL i= (Anticlockwise),: ..
r1 + r2 . 

E1r2 + E2r1 

Vp - Va =E1 - i r1 = 
 r1 +r2 

A,18.25 	 (Ae) 
there is zero potential difference across 4 nand 6 n resistance. A '. :i 

. 20 "1I=-,=OA
2 

A 
power by battery 

Pb = e i = 20 x 10· =200W Ans.· 

20 


18.26 	 (AC) 
The area of cross-section of conductor at point A is less than that atpoint 8. So current density atA is . 
higher. Hence, the electric field atAis more than at 8 and the thermal powergeneratedatAismore than 
at 8 in an element of small same width. since resistance at A is greater 

,_.,

V 


~~;:;onance ., •. : . . 
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25V 25V 25V 25V18.27 	 (BO) 
Power supplied by 20 V tell:: (-:1n20) = - 20 W 1~~3~,1 ~~3AI,t~1A1'~5,42.5A
as the cell is not supplyinQ.-the power, . 

it is eating the power (getting charged) 
 {50 .. JodI;, f~ r 

18.28 	 (BC) 
As the length is doubled, the cross section area of the wire becomes half. thus the resistanc;e ofthe 

; .' '. . . .' .(. 
. ' L' '.' ." ........... '.,' .......................... '. . 

wire R == p A becomes four times the previous value. Hence afterthe"wire is elongated the current 
CJ 

becomes one fourth. Electric field is potential difference per unit length and hence becomeshalfth'e~ . 
( . ..... . .' '.: V2 . ")' .. " .. . .:. . .... 

initial value. The power delivered to resistance is p::; -' and hence becomes one fourth. 
( 	 :. '. . "R .. ' .. '.. . 
\ 

18.29 	 (ABD) 

Total charge = IIdt ::;Area under the curve ::; 10 C 
(_.. 

\., 
rIdt .' 


Average current::; rdt ::; SA
( 

( 2 

Total heat produced::; JeRdt ::; J(-5t+ 10)2 . 1 . dt::; 2~0 J 
o 

Maximum Power::; I2R when I is maximum current. = 100 x 1 = 100 W 
;
\. 

18.30 	 (ABC) 
, Let a be the radius of left end side cross-section, then radius of cross-section at distance x from left end is \. 

a + bx where b is a constant. 
( 

\. i 
From J::; erE => A ::; erE 

( 
i 1 


=> E = A x er as i and er are same for all·cross-section
( 

Eoc 1 	 ::; __1__L 
A n(a + bx)2 

C 
; ~-.. 'i2 :' .. ' '. 

Rate of heat generation. per unitlength, H::; :' So H ocC A 

v 
H j2p A . 	 '. ~ _ ( 	

JdV = j pi dx ' 
=> 	 - ::; - x - = I ::; constant => dV::; - E • dx => , E A ip 	 E • o1t{atbx)2

\. 

L 	 pi [1 1J pi ( bx )=> 	 V::; .E + nb a "!:bx - a = E - nab a +bx . 

18.31 	 (BD)
(. / Resistance absorbs energy at the rate of 2W. 


Potential difference across AB => VAB.! ::; 50 W

C =50VVAB 

Drop across resistor is 2V, therefore EMF of E is 48 V. 
AsAB is absorbing energy at the rate of 50 W, 48W is being absorbed by E. Thus E is on charging 
mode i.e. current is entering from +ve terminal of E. 

l 

c 
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18.32 	 (BO) A 10(1 B 
. (Moderate) Let the c!,Jrrents be as shown in the figure 2' 
'KVL aiong ABeDA ' . 


=> -10 i - 2 + (2 - i)1 :;0 2-i 


:. i = 0 

. 1 	 D 2 C 

Potential difference across S =(2 - i)1 =2 x 1 =2 V. 

18.33 	 (B) 

Both statements t al1d2 are true. In statement-1 R is varied while in statement-2 R is kept constant. 
Hence both statements3ue!ndependent.. 

18,34, 	 (e)· 

From relation j = erE , the current density j at any point in ohmic resistor is in direction ofelectric field Eat 

that poi~t.ln sp~ce having non-unifol1Tl electric field,charges rele~sedfrom r~st may not move along ELOF. 
Hence statement 1 is true while statement 2 is false. 

18.35 	 (D) 

As the length of wire is doubled, the cross-section area of wire becomes half, Therefore resis~ance of wire 

becomes four times and current becomes ~ th ofthe initial value. 

I 
alsov 	=-

Ii neA 

Since current becomes'onefourth and cross-section area ofwire becomes half, therefore from above equa~ 
tion the drift velocity of electron becomes half. Hence statement I is false. 

18.36' 	(A) 

The potential difference across the resistance is always lEI - E21 in magnitude. Hence statement 1 and 2 are 

true and statement 2 is correct explanation of statement 1 . 

18.37 	 (A) 
Just after switching ON the bulb, the filament of bulb is cold and its resistance is low. But after some time as 
filament gets hot, its resistance increases and hence withdraws less power from the source as compared to 
initial duration. 

18.38 	 (e) 
The points A and B are at same potenti~I, then under given conditions points A and B on the circuit can be 
connected by a conducting wire. Hencethe circuit can be redd3wn 'as Shown' in figure 2. ' 

E~E
r-n 

"fig-1 

(fig.2) 

Therefore statement 1 is true. Statement 2 is obviously false. 

18.39 	 (A) 

R.Rv . < R 

RA =R+Rv 


18.40 	 (A) 

. 	'. Rs = R + RG > R , 
···'re·ii: .;,!i.F!SCJnance 	 .... , : ,/.:"

•	 , ""J~~:~tlngfOr better tomorrow ~ .' < 

j" " 

c 

http:poi~t.ln
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18.41 (D) 
f" ~. \;t . 

% error in case A. } . .' ,,~:. A~! ~~0~\; ..~~J{:.)~ .: :- ,.... 

-R 	 ..
Rv '-1J ·~·-~-~ORA -R x 100 = ( R+Rv = R+ Rv x 100 ~ - 1%

R . ti :. ' 
RB -R RG r( 	 % error in case B x 100 = R X 100 ~ 10% 


Hence percentage error in circuit B is more than th.at in~. f.:: 

~; ~.' . ,\ 

: ,~-:18.42 (C) 	
"\~ n

,0 
18.43 {B} 

~~J~i. ,. -.-: 
( 
\ 	

(42 to 43) " 6:
........"..I\I\I\I\"J..., :i. 1j :. 'i, , ;' ease-I S2 is open 

\. 	 E ..-.: 
CO•. lV:, '~EJi:~t'·:.·, ,··t ';" . ". ;,c v· 

, 	 Potential gradient = L' 
.:. ," 

\. 	
":",.: » il·:''.;''···'';··' '".,,,;:: ....-1'., ··•.i.'·' "~'c. 

E L L-~----i so 6= - ( ;-: «:f~ ~~'.~~ ·I·.':·~L 2 
. ~, ;E=12 V· 	 ~ :-::.,:.:' :" ,:.-~ (~.~ ~ 

~:.:; . c case-II S2 is closed ":.: ·;:i~FF 	 ( ..~!~ . 

'r;. 
.!'''..

,-	 k~~f.!"~:·: 'J ;.' ",'. 'J":::: ". ':; je·:::.d ....:., "0' . 
\ 

6 " ", 

.• ' ,I; f • ~. 1i 
\. 	 i=10+r 

6V 

E 5L 
\ 

6 - ir =L 12 
SU6( :::: ~~, 


6- _6
10+r r= 5 	 .-> 

( 
. .- ,., 1-.' 

6r
( 	 --=1 

r+10 


6r =r + 10
( 
r = 20 

(, 	
.r., 

R 
4n 

18.44 (A) 

C 	 40 Current in 4Q resistance = 4A ",,:.:,/;..::, 

Total current = 4 + 2 =6A 	 .' .;'-", ~ 
(' ....:I:... 

18.45 {A} 
( 

18.46 (A) 
'. ,'" 

( (C), 	 . '_ ..<. .::>., ,',-18.47 
18 [Moderate].19 [Easy] .20[EasYJ:~he' ~g~~v~t~~;tSbir,cUit can be redr~wn- asshciWh'iri figure1. From L 
figure 1 it is obivious t~at power dissi'patEldbY,R1' IS maximum. . 50n 

C 25'" j '.-.::' 'T~ ,.J' r-"N'N'-..--,.I-----, 
R.

Potential difference across R2 is = .~:3 volt =1 volt 
. 	 25+50 

sonC 	 3.0V-=- R2~ 50n 

C Therefore potential difference acros;~:~~}~-~4 ~ ":'~P'<;::, x 1 volt =0.4 volt 
. .:::' i,':-" ,,:<}~'.j.~J ,,20+ ~O! '" . <.. ,,_ 

The equivalent resistance of circuit aCl'oss:'thecell is $0'+25 = 75 ohms':": .> .,. .- .C 	 ': .::.;:.\~.:..~' :..... ,.J i;~':"
C . Therefore current drawn thtdtlgh cell is - .. >>S1 aOOniA = 40 mA 

. ~ 75' 

~ .~Ii1WDS~"" "'~'" ,.,. ;;,::,:,.,/. 


http:Moderate].19
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18.48 	 (A) q (B) s (e) s (D) q 
(A) 5ince current in both rods is same. 


:. n1 = n2evA
ev1A1 	 /, . 

v~ n2 A2 1 2 
1 	

, ~:. V; = n A1 = '2 x"1 = 1 

E . ,. A ' 
I . _1=.£tx~ == ~x~ = 4(8) .,' E =pJ = p A .. E2 	 P2 ,A1 1 1 

p.d across rod I E1 x AB 
(C) . . = = 4

p.d.acrossrodII E 2 ·xB,9,;. 

Average time taken by free electron to move from A to 8 AB v 2 •.. 

(0) Avera~e time taken by free electron to move from 8 toe = V; x 8e =. 1 . 

18.49 	 (A) q, (8) r,. (e) r, (D) r 
When switch 5 is opened then rightside resistance R which was short circuited earlier contributes to 
equivalent resistance. Hence, equivalent resistance across the·battery increases; p6wer'dissipated 

by left resistance R decreases, voltm~ter reading decreases and ammeter reading decreases. 

18.50 	 (A) p, s, t (8) q, r (e) q. t (D) P 

150 

A~m-. 
600When switch 51 is closed 

300 

.'::: 15:SA 

4.5A 

200 

When switch 52 is closed 
B~ 

600 

12.0A 

200 

Whim switch 53 is closed 

12.6A 

~ 

fO$:6A:.' 

~B 

360· 

When switch 54 is closed. 
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18.51 15 
I' 

~E> 	 f:}:'://'
A .;'2 2 I 

A' '.' D2 ! 
I:,A~: ~ ~ I20A 

r" 	 ~D 
>: .... ~,'. 

2 

10A 
3 

(, 
30V ~ :. 

~~: ,..! ", .'1·. .(~,' ;. 

=> Req = 3/2 

() . 30 
i = 3/2 = 20 Amp. 1,' .' ci; 

. ~ ~.", 

'" ~ . ~ .. 
( 	

,~ ,i.,..; 	 ",., 

From figure current ihroughB ~' D branch == 5Arli'p.'·- t~ . 
. 	 . 'h' 

5A 	 ~.~2 2 , 2 
\. 20A ,:!;~,t:r~~~ . ,-: .; .~~ ; ..... -

::.t. :~ ~.:. !...:,!, ,~ i3 5A 
~:'!.~~\,,/~.~;<~ ,,1:. ... ~~: ~;;~c 20A 10A 	 So current coming 


from this branch' . 

= 15Amp. ' 


~i~'J
( 

(' 18.52 20 

" Iz=20mA towards left 
Applying KVL in loop ABCD E, .,

( 
AI II " ,0E1 = (I + 0.05) R1 + IR2 

/ => 1= - 20 mA 
\ 

)+O.OSACurrent through R1 = 30 mA towards right 	 R~=50n 

( 	
B~C 

Current through R2 = 20 mA towards left :/:,' :' ',~ ,,:(' 
( 
\. 

Applying KVL in loop BGFE ~ 1,'." 

~( 
'

E2 = (I + 0.05) 100 + (0.05)20 = 4 volts E2 

c 
18.53 70 ., C: .'!' ::! .• ; ~ 

c The simpiified circuit is. 'f ,. 

.. " 
,~ ! .. .j 	 .\ • ~ f,>We have to find I. ~ : ..' : 

c , ... \: .~' " 

":" ';.~ t} Xc 
4" ....~ "~:::j, .>':~.: ,) .~':;': .. '::~~..5. '.'>~\~.: !') ........ :' :~{'~'~ 7~'~ \'::~ ';.' -.; .. W 


( 
120V 

1m 	
"";' 

( k 
"< ' :.' :;~;.'.:' ':"! t':: ~ ".: 

L Let potential of point 'P' be '0'. Potential at other poinfs are sh.Own in the figure~4pply kirchoff's current 
law at point X".,~.C 

x-10 x-10 x-20 (x-10)-0 	 ..,.,
+--+--+ =0 

. ~;L 	 4 2 4' 2 
• ~h·••'"' ••• , " •• '"".~ .... : ••.• ;-: ~ •.• 

'" ".' 	 35"".c: 
=>x.-10+2x-20+x-20+2x-20=0 =>Sx=70 =>x= - volt.··';::! .. . 3 ..... :' 

\C 	 ::, \ ..:-' :'"
35 

f 
'L. 	 20-3" =,25' A. 

I = 
412 " 

~••~9!l~UC:= 	 .-~'"""""-.." "~""':;(:"'" 
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18.54 	 5 
2!l WI V20 

10~.'. ',' I. 'VVIII-L~10 
5 ..:",.-A2 ' 	 10~',.10 

·20 
. . 2!l 	.."'·1" 1/ 1 

o 5 

v-20 :!..+v"':5=0 
--. +2 ' . V - 20 + V + 2 (v-:- 5) = 0 ::::> 4v - 20 - 10 = 0 
2 


. 30. 15'15 15 - 10 5 . 5/2 5 

v=-	= -' v-5=-.' -5= =-::::> 1.=-. =-,amp.Ans.

4 2 • . 2 2 2'" '1' 2' . "... 

18.55 	 OOOib 

out put power 
Efficiency :: ,,= input power 

i2R 
::::> 11 =.:-ei I~ 


R 
E 

i= R+r 

R 
,"= R+r 

R 
::::> 	 3R + 3r =5R 2R ;::3r 0.6 ='R+r 

SR 
newefficiency ,,:: '-SR = 0.9 = 90% Ans. 

'. +r 

18.56 	 1 
V=Potential difference across the cell = Electric field x width of the cell 

=.8 x 0.1 = 0.8 volt ....Ans. 
e = emf ,of the cell =10 x,' 0.1 =1,0 volt .... Ans. 
e = 10 xO.1= 1volt 

. 18.57 32 	 " 
" 

When Jockey is not connected; tc tkWdh tqM+hgqbZ ugha gSA 

E 
1= 13r ................ (i) 

Resistance per unittength 

;"1"2'( t .. 

A. =300 91cm 

i= 157.5 em. , 

Let potential at C is zero 

Then apply Kirchoffs Istraw 

, .x 2;,r;'~'J
x-o '., ,..... , , '2 
-  +11 r ,,2r + 

(x-E-O) 
2r =0 ::::>x= 

111;
1f3 XI 

11r 
'11/,1\/ 

0 
fc 

r 

" 

E 

.xLlL--' 2r 

j~esonance'.~jfdUl:atlng for better tomorrow . 
,

Ex-'2 
.'...•,'.'• ;~ 

. . "", . 
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E (111;:}, E , X-2"" ~=2 3E 


19 =~ = 2r = 32r 


Alternate,method 

l=300 cm 


Ci 12r.
'r' = (275) )( , . ',300 

o r'= 11r 

UsingKVLin loop (i) 


E - 11 .11 r - Ir - Ir =0 : ............... (i) 

( 
\. and in loop (2) 

( E 
- 11 11r + (I - 11)2r + 2 = 0 ............... (ii) 


Solving equation (i) and (ii) we have 

c E , -5E 
I, = 16 r and I = 32 r 

So current in galvanometer 


( 

.5E E _ 3E 3E 


( Branch =(I - 11 = 32r, 16r - 32r 19 = 32r Ans. 32 

\ 

( 18.58 42 
\, 

R =100 n, I;: = 3V 

( In open circuit 


'. 3+3-3 ~~A 
c 
( 

3 
V

So VAS =e + ir 1= 5x200 

OB 

AB =4.2 V =3+ 5x200 x 400 V Ans.c 
c ::" 

( 

l 

L 

L 

E/2 

r 

'. , ,,~'.
" ~,,;;;,; ..c I'L:J" ~ ant~eS.:;.;.,Fl ',' ce

ilEdiicalino for b"ttar tomo..,..w 

L 
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19. CAPACITANCE ·... 
19.1 	 (P) 

. 2Q Q 30
E---+- ::::>- 2AEo 2AEo E = 2AEo ' 

3 Q , 30 	=VE=-- ::::> Ed= 2C2Cd 

(ii) F = EQ/2 

,.) 	 22Q
F- -. 

(- . 2AEO 

Q2 
F=--

AEo 

(iii) Energy 

19.2 (l3) 

,(_Q)Q . 
x -- - -.- 

. 1 -AEO · 

=~ EO E2Ad 

Equivalent circuit is 

A<Y1:!~B ::::>

2~4 
19.3 (0} 

x 

x x 
x 

t-+---:1g,..
y
1HF. ·l. __ ~1IJF . ' 

1IJF 2IJF 
t---l y 

Rearrange the circuit 

~tJy~

~W 


8 
C = -I1F 

eq 3 

19.4 (D) 

Q1 +Q2 
V = C

1+
C

2 
=Q 

Final pot¢,n~ial difference =zero 
Final charQe =Z~rQ 
Charge flow3Q Jl.c from Ata D 

'2Q 

-: ." .. lE 

1 (3QY ," 902 

::' '2 EO . 2Cd) Ad = ie:

¢$~F ~ -cj- =2F 

2~4F 41.3F 

... ~ I jlF II .11' I .Y ~tr 
21,1F

21.lF 

30)1 -J01l 
A., 	 B. A~~B , ' JL 

-JOIl 30ll 
., 	 ,.

D 	
' 

C oL..--..f J---lCJ L, 
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19.5 (A} 

.¢ 
. .' 

as potential difference 
(, (right) ,atfQss dielectriC$'of . 

dieiedric constant 2 and 4 
'is not same. 

o (wrong)· 

. .'. 2Cx6C..6Cx4C. 

The eqUivalent capacitance Ceq = 2C+6C + 6C+4C =3.9C 


( 

19.6 (O) 
Let the capacitance before insertion of d.ielectricbe C and the resisicmce be R.( 

t 
. .,/C qc q = qo e RC and 1= -- =

R RC 
Just after insertion'of dielectric the capacitance increases.c The charge just after insertion of dielectric remains same,but the current decreases. => 

{ (A) and (8) are false' 
\. 

2 
The energy stored in capacitor is ~C' hence energy decreases" " 
=> (C) is false 
The time constant is RC and hence increases. 

( => (D) is true 

( 19.7 (8} 

( . c 

( 
T~,f1::S' R. r 2T2~~r ' 

"" .' 
D C 

c just before S1 is closed the potential difference across capacitor 2 is,~E. . 
Just after S1 is closed the potential difference across capacitors 1 and 2 are 0 and 2E respectively. 

. Applying KVL to loop A860 immediately after 51 is closed. .. '., 

E = - iR1 + 0 + 2E 

c or i = R 
E 

towards left
1 . 

( . 19.8 (D) 
This is a DC circuit be~ause the battery is the only source of voltage. Hence the capacitors behave like 
open circuits. An equivalent circuit is theI') two parallel sets of two identica.1 series resistors, see figure. 
The voltage drop across each pimilllel branch must bathe battery voltage of 3V. Sincethe+esistors are 

( identical there is an equal voltage drop of 1.5V across each resistor. In particular there is a drop of 1.5 
V across resistor A. 

~~sc::u:'l~nrc:t ,.
·····L. r,f 
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> 

19.9 	 (A) 
Rate of change of energy = v.1. 

Initially V =ohence VI =0 

finaily I =0 hence VI = 0 .. 


firstinereasesth~n:decr~ases, 

19.10 	 (A) 

As the key is connected to 1 and 2 frequently and at equal intervals, the two emf's E1 & E2 behave as 

d.c..sources in continuous contact. . 

. . . . (E1R2 +E2R1) 
The potential due to the two cells is : ~ = . R1 +R2 . 

.. 	 (E1R2 +E2R1)C 
Hence the charge on the capacitor is q =CV = (R1 +R ) . Ans. 

2

19.11 	 (C) 

U -'- 1 2;- 2"C81 

Uf = 2"
1 

C82
2 t.U = 

1 
221C(8 2 -8 2 ) 

Ojn = + Ce1 0ftnal = -- Ce2 

t.O =c ( e1 + e2) 


work done by battery Wb =E2 . t.Q =C (82 + e1)82 


Heat generated =Wb -- t. U 


111
2 	 2 2=Ce2 + C e1 e2 -- 2 C (e2 -- e/) =2 C (e2 + 81

2 + 281e2) =2 C (81+ 82)2 

19.12 	 (A) 

The equivalent circuit is as shown in figure (b). 

~A 
g g... 

'--______.L..;."'""'_--I' B . 

Fig. (b) 

.1 n the steady state. the potential difference across AB is4 volts." .. ... ". 

Charge on capacitor .in steady state is 

q =CV =0.4 IlC 
,--

Current through resistor R is 1= ~ = 2~ = 0.2 A 

Fig. (a) 
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19.13 	 (D) 
,/;,'\;,'.. 	 '; ... ", 

'keo A 2EoA
U=!C V22 eq C1~' ~j~=;(d/2) 

2EOA)X EoA 
( d/2 . 	d/2C, C2 EoA 4EoA 

Ceq = C , +C C2 = d/2 Ceq = 3 EOA =·3"-d
2 

d/2 

c; . .:!.(~ EoA)V2 = . ~(E~AJV2.U = 2 3 d 

19.14 	 (8) 

Method I 

Force between plates. 


f 
\ .. 	 EoA 

(	 
)2V AV2 

F= ~= -x- = eo where x is separation between plates 
2AE 2A' ... 2X2o . EO .... 

\ dW = Fdx 

2d AV 2 [ 2J2d CV2 . ' Eo	 dx = EoAV.. ;;- = 200J,lJ JW = 2X2 4x . d 4 i. 
d 

Method II(
'. 

U =Uf + losst + Ws + W ext 
( Process is slow so energy loss is zero work done by battery=W = OEB 

o = Of - 01 =20 - 40 = - 20 
( W = -	 20)( 20 • . s 
( 
~ . 1 	 1 

2 X 202 - 20 )( 20 + W = - 1 )( 202 + 0 

( 2 - 2 
Wext =200 J.1J 

c 
19.15 	 (A)

{' 
\../ 

0 2 

Force on metal plate S due to electrostatic attraction by pla,te T is F= 2A Eo .( 

Force exerted on plate S by spring is = mg 

. 0 2 1"'-'--c In.equilibrium => 2J\ o;= r:ngor Qi==.~2rngAEOe

19.16 	 (C) 

Ceff = c~A since effective capacitance betweenplates AandE is zero. 

t. 
1 EoA

U= -	 CV2 =-V2
2 2d 

'~esonance 	 ". ',e. 
.. 

~!;.ducatln\J for better tomorrow 	 ~.. ~ ...•l 

() 
~" 
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19.17 	 (0) 

When switch S2 is closed, due to symmetry no charge will flow through S2' 

Alternate solution : 

After closing and before closing the switch there is no change in potential of any point. . 

19.18 	 (D) 

att =0.;<Imax= R
2e 

e
1= -	 at t = 00

R 
so charge on the capacitor is Ce • when current is 50% of maximum current. 

19.19 	 (0) 
In the given cross-section which lies inside the capacitor plates, no charge flows. hence the 
required charge is O. 

19.20 	 (C) 

. 1 

Energy density ~'.2 "kl:0E~ 


- '.. . ~ 

Since the cell remains connected, V remains unchanged (and thereforeE remains unchanged) 

=> Energy density will increase k times. 

19~21 (C) 
Charge on outer surface of C = -- charg~ on inner surface of C 
Hence potential at B due to charge on cOnduCtor C =0 
charge on outer surface of dielectric =-charge on inner surface of dielectric 
Potential at B due to charge on dielectric =0 

... " "<:., •. .... ..' ." -.Q.:.
Potential at Bdue to charge" on A== ..' .... 

Q 
net potential at B = 41t EO b' 	 ( .. 

'\ . ' 

19.22 	 (C) 
Let cr be the charge density of conducting plate and V be the volume of either dielectric 

2 
E2 V" cr"(i t<.1 EO ) ( )u1 . '. 


U 2 
 .tir ·:~T~r ~i=(i K~ EO' V ~E2 	 1 

K2 EO" 
f 
\'j.

19.23(C) 
Let us give equal and opposite chargestiftWowires sottiat they would have linear charge density as 
+ 'J..and-A.. 	 . 

Electric field at point P, 

'. qa-a 	 A. -A. 
A. 1 '. ". Jdv::';';:JEdX-'JEdx' 

E::; at9l x + 21t9l (Tla-x) Q~~~-Oa 

1 _ 1tEo 
where a is radius of wire => C = IVI- InTI 
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19.24 	 (D) 
The resultant force acting per unit area of each plate cqnbewrl~ten"asF =::Fo - F'., , , 
where F°is the force aCtil1gon unH areaoTptate due to, gtber: pf~t~"and F'c tS the force, acting on unit ' 
area of plate fromth4?,dielectric. ' 

,'2 2 


q ("osA v) 
 F;';80EV~
Now, 	 F::: 2aosA = ,d x..!.. => 

2d2 " 'A 2aosA A 

Also 	 Fo::: F x e 

So 	 F'::: F - Fo =F (1-!)=EF(1-!)= S(S-1}EOV 
2 

r', 	 o E ° E E 2d2 
\ 

19.25 	 (B) 
In steady state the capacitor is fully charged and is treated as open circuit, so no currentfl0w.s through 
branch containing capacitor in steady state. So the circuit can be redrawn as : ' 

3V 3V 

r-I-----"10V
PotentialdifferenceJicrossthe ca.pa,cjtorjn steady s~ate, 

1.'1 1n,~,::: V - 6 - V::: - 6V "', ",., , ,', 5rI 
, "rN, 2n l' ,~~ 

(-ve sign signifies that left hand plate is~f negative p'olarlty) ~~~ 
V-6 

Charge = CV ::: 1 x 6 = 6 IlC 
( 
\ 

19.26 (A) 

f' As the charge of isolated system remains conserVed; so the sum of charges of plates having-ve 

< 

polarity remains constant. As potentiial of twO' capacitors are different so s6mecharge flows into the 
( circuit till both acquire the same potentiaL • .. • . ..• 
" 

As charge flows, AH ¢ 0, and hence LUi ¢ LUf( 
Let final common potential be V,then 

"( C1V1 +CZV2 V1 +Vz "C'F']
[as' C1 ::: C2 =C}V::: 	 C +C

f 1 z 2 	 :c v;: ' 
.. # # ' .. . " " 

19.27 	 (ABCO) 

C 	 Va =loR::: 10 x 10::: 100 volts (since, 10 = 10amp from figure) Hence (A) is correct 
Also : I ::: loe- uRc , 

(10) t
Taking log ; In T ::: RC => C = Rln(lo II)( 
At ; t =2 sec, I::: 2.5 A 

( 
2 

C = 1Oe{~~} 
C 

C::: 	_2_ ::: 2 __1_, . 

10ln4 1(}x2lnr- 10£n2 F Hence (B) IS correct.
L 

1 	 2 1 ( 1 ) 500,C 	 Heat produced :::: "2CV ::: 2' 101n2 (1002
)::: ln2 joules. 

C 	 Hence (C) is correct 

1~j 
, 1, 

Thermal power in the resistor will decrease with a time constant 21n2 second. Hence (D) is correct 

",_",,;:.
for better tomorrow 	 '" , ";'l.,-~,,'\ 

" ,~-..;, , 

c 
c 1(~e$ol1ance 
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19.28 (ACD). . 	 ' , 
Suppose charge flownthrougfrttii':ibatteryisO,'thenchargedistributiori will be as: 
Tff~,elebtri6 field in the region betWeen A and 8 is ' .. ,' '.. '.: . ''P.. B 

Q-2eC ,C-Q 2Q-3sC 	 ,'..I',r',:J'= 2A EO 2A EO = 2A EO 	 Q-~c sc-Q 
Potential differnce between iheplales, 	 . ,', .. 

20-3sC d _ 20-3eC'1 _ 
. -e:::> -e 	 s2A EO 	 2 C 

:::>'0:: 	5eC:::> 	 20 = 5 eC 
2 


. 5s2C 

work done by battery :: sO :: -2

19.29" (ACDr ',.: . 
, 1 

(A). E =2CV2 

As potentiC)1 difference source betweehthe plate~is cohneded,'p~d. remains Constant. But capacitance 
. . 	 I;' '., " 

Cbecomes/KC hence energy stored )s,increased byfact()r K. . " , 
. 	 " " ; .: \'" , 

,.. ,;, V 
(8) Electric field d is not changed . 

. . (C).Oharge Ofl,each plateJ~ increased by factor K het:)ce forceb,etween thel11 increases by factor K2. 
, Foreff:~ctof the mepium.. they must completely lie in the.m~diuni.· , 

(D) 0 =CV ' , 

Hence charge be,comes KO as C becomes KC and V remain unchanged. 


19.30 	 (ABCD) 
Charge on capacitor before insertion of dielectric slab = 100 pC 
Charge on capacitor after insertion of dielectric slab:: 300 jJC 
Increclsein charge on the capacitor = 300 -100= 200 jJC 
Heat produced = 0 . 
Energy supplied by the cell =increase in stored potential energy + work done on the person who filling the 
dielectric slab + heat produced. 

19.31 	 (B D) 
The instantaneous charge on the capacitor is q{t) =qo [1- e-tIR C] =CV [1 - e-t1RC] 


The instantaneous current 


i = ~~ 	=CV (R~ }e-t1RC 

i = ~ e-t1R C or io = ~ (.: t = 0 ) 

Given that V and R are same for both capacitors, so the initial current in both condensers is same moreover 
this is not zero. 

During discharge, the instantaneous charge q is 
q{t) =qoe-tlRC 

qo =q e-1t1RCLet q' = q/2 at t = t, then _
2 0 

or t:: RC loge 2 

If t1 and ~ be the times in which the two capacitors lose 50% of their charge, then 


t1 RC1 loge 2 C1 1 

1; = RC 2 10ge2 = C2 ="2 


t1 = tj2 
This shows that C1loses 50% charge sooner than C2 because it takes time ~ which is half of ~l 

. 	 .... ';•
;'-\".'.;'" 



. ,.nswers & 'Solutions (Se~tion-l : Physics) 	 ro JEE (Advanced) - RRB ~ 

.9.32 (D) 

.,' If potential difference across an iS9lat~d charged capacitor is doubled by doubling separCltion between plates, 
'". • ". 	 '•. ', OJ'::'. "~~ • 

2' 	 . ,
Q . 	 . ' , 

the energy stored is capacitorfrbm U =·2C' becomes double of previous value. Hence statement 1 is false. 

19.33 (D) 

(, 	 Let the electric field in region I and II be E1 and E2. The potential difference across left half capacitor and right 

half capacitor is same. Therefore E1d :: E2d where d =inter planar gap .. 
(j , 	 ",>,'.' "':'" ,;",., , 

E1 :: E2 


Hence statement 1 is false, statement 2 is correct by definition. 


'19.34 	 (D) 

. cr2 

The electrostatic force on metal of capacitor is =pressure x area of plate = 2 EO A 

( 	 cr =charge per unit area on~plate.. 
. . 

Since charge on metal plate of an "isolated" capacitor doesnot change, force on metal plate remains 
( 

same." 
Electric field decreases due to induced charges in dielectric, but this does not effect the charge 

distribution on isolated metal plate. 
,.. 
\ 

19.35 (D) 
l' 

The battery energizes the circuit.and maintains the flow of electr.on from positive plate qf capacitor to" 
positive terminal of battery through wires and from wires to negative plate on othersi.de, ; .r 

" 	 No transfer of charge takes place within the plates in spite of having the electric field in between the 

plates.c, 
19.36 (8) 

i:: 2 X 10-2 A 
( 

PRj :: i2 R1 :: (2 x 10-2)2 X 4 x 103 = 1.6 W 
r
\.. 

19.37 (C) 
{ 

"" 	 QC1 = VR1 X C :: 80 x 3 x 1~ :: 240 jle
1 

( 

" Q C2 :: VR2 X Ca :: 140 x 6x 1~ :: 840jlC 
''J: 

( 

(19.38 	 (0) 

I 
220vIc D:, 

:: Ee :: 220 x 3 x 1~ :: 660 IIC 
{ 

Qc1 1 ,r 
.... , 

(. ,19:";;~. (e). 
'-~ 

19.40 (D) 
I .•...". 	 •"-, . 'M 	 . ". .' 

l.~esOr:1anc:e 	 .''"' r';' ~ 
(; ".:.,/,SdUcatlng for better tomorrow 	 . ""'.,;,1:'i;•., 

http:othersi.de
http:electr.on
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19.41 	 (C) 

39 t041 

39. & 40 (Moderate) 
41. (Tough) 

For t = 0 to to= RC seconds, the circuitisof charging type. The charging~uation for this timeis 


. t 

q = CE(1-e RC) 

1 
Therefore the charge on capacitor at time to = RC is qo = CE(1

'" 	 . e 
For t = RC to t·= 2RC seconds, the circuit is ofdischarging type. The charge and current equation fQrthis 
time are 

H . qo e 
q qoe- RC and I RC 

. Hence charge at t = 2 RC and current at t = 1.5 RC are 

2RC-RC 
---~. qE.,RCq =qoe =~CE(1 !) 

e e e 

1.SRC-RC 
~ E 1 .i = qo e RCand 

RC .JeRC .JeR (1 -;;) respectively' 

Since the capacitor gets more charged up from t= 2RC to t= 3RC than in the interval t=O to t=RC, the graph 
representing the charge variation is as shown in figure 

19.42 	 (A) P. r (B) q; s (C) p, r (D) t 
(A) By inserting dielectric slab, capacit;;tnce 011 increases there by increasing charge on capacitor 2 
as more charge is flown through the battery. Energystored in capacitor also increases. . 
(B) By increasing separation between the plates, capacitor C1 decreases. Charge on C2 also decreases. 
(C). By shorting capacitor-1, only capa.cJtor 2 remainsin the circuit. Potential difference across C2 
increases thereby increasing charge on 2 as well as energy stored. 
(D) By earthing plate of capacitor 1 potentials will change but there will be no potential difference 
change, making no overall change in the circuit. 

19.43 	 (A) p.r. t (B) q, s, t (C) q, s (D) p, r 
(A) 	 . At constant potential difference, when interplanar separation is increased, the capacitance 

'decreases. . . . 

From U = iCV2, the potential energy decreases. 

V 
Also from E = {j electric field ~ecreases 

(B) At constant charge when interplanar separCition is increased the capacitance decreases. 

2 	 . 

From 	 U = ~ ,the potential energy increases 

Since charge density on plates is constant, electric field remains same. 
(C) At constant potential difference, when area of plate increases the capacitance increas.es .. 

Hence from U = iCV2, the potential energy increases. 

V 
Also from E ={j' the electric field remains same. 

(D) 	 At constant charge on increase in area of plates 

1 Q2 . . .' ..... 
From U = 2 C the potential energy decreases and since charge density on plate decrease~ 

electric field decreases. 

~ResCJnanc:e 	 ..... '. .... . . ..•....... .~

:l1tsducatitl9 for better tomorrow 	 '.•_" " . . ...... , ,. '. . •.....,,~••"""'." .""ii".
. : ·'>:;:/'·~~L·~:'-. " 	 , ."?':-"'-' 

http:increas.es
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19.44 	 (A) P (B) r (C) q (0) p 


(Moderate) The initial charge on capacitor =CVi= 1 x 2 llC = 2 flO : 


The final charge on capacitor = CVf=1 x 4 flC =4 llC 


:'.' NetchargeCtbsslhgi 'th'ebeilof"emf4Vis'f . 


qf - qj = 4 - 2 = 2 ).lC 


The magnitude of work done by cell of emf4V.is 


W = (qf - qi) 4 ::: 8 ).lJ 


( The gain in potential energy of capacitor is 


() 	 AU ::: .!c(Vl- ~2) = .! 1 x [42-- 22} f.LJ= 6 llJ
2 2 

Net heat produced in circuit is 


AH ::: W -- AU = 8 - 6 = 2 flJ 


19.45 	 (A) p, r (B)q (C)q, S (D) q,t 
0 ,=21lF C2 = 4).lF 

Uj for 01(C1U, ) ::: ° X 4 V2 x 1 _ 4V2-c I 1 9 "2--9-	 r1k~-Jhl 
( 


V2 1 2V2 
 G~ 
,/ Ujfor 02(02 Ud::: 4 x gX"2 =9 	 V 

When separation of plates of 01 gets doubled, its capacity becomes h'alf: 

0 1=1).lF C2=4JlF 
. 16V2 1 8V2 

UfforC1(01Uf)=1X2"5x"2 25 ~-~ 
(

' .. 

V2 1 2V2 
 t:3( 

"- Uf for02 (C2 Uf )=4 X 2s"x"2=25 	 v 
(,, 

19.46 	 75 
( 
~ H (in 20) 225 llJ, H (in 30) 150flJ, H (in 50) 75"w 


( Energy taken from cell = 20x 30 IlJ 

\ 


=600 IJJ 


C 

Energy stored in capacitors =~ 3. 1()2 =150pJ


f 
\_-

Heat produced in resistors = 600 -150 = 450 IlJt 
" Divide this heat in 20C!nd (equivalent of 30 and 60) 


( I.e., in 20 and 20 


whien is 2251J J, 225 IlJ 

L 
! 


Heat produced in 20 = 225 IJJ 


C 
Further divide 2251lJ in 3a and 60 in inverse ratio ofresistance <C p= ~2) 

L 225 225x2 	 . 
Heat in 30 = x 6 = = 75 x 2 = 150 IIJ 9" 	 ,.. 

225 
Heat in 60 = - x 3 =75 IJJ 

~'" 9 	 .:c ~lResonanc:e. ' .., ...•• 
• ~Educatin9 for better tomorrow 	 ~. ,,', . 

C· 

http:emf4V.is
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19.47 	 4 
'-,; 

The charge on the capacitor when current reaches Ia 
qo =(IaR),C1 

When the switch is in position 2. this charge isshareq with capacitorC2 artt,f.at ~t~ad~,~,t~t~potenticn'across 

C1 .is equal to that across Ca' The energy lost in this process '. 

. 1 C C (.)2 C1C2AU = - .. 1 2 x!k _1
.' 	 2 C + C . C - 2' C + C X (IoR)2 =4 J

1 2 1 1 2 

19.48 	 13 

TA '.
N2 	 N2~ c-.L"l~ ~ 	y.~= 'yC2 

EO A/2 EO A/2 4Eo A 13 EO A 

C1 = d • C2 = d/2 d =----set =:> C =C1 + C2 = 10 -d

-+
k 2: 

19.49 	 300 

103 


E <: 106 =:> d <: 106 


C = kEoAd > 10-3 m2 => d 

3 
kEoA > 10-3 A> 10- xC 10-3 X 50 X 10~12 = 300 mm2d= C => 	 =:>

kEo 	 1A> .( -9)
(6re) x 	 36re x10 

19.50 	 Let each plate moves a distance 'x' from its initial position. 

Let q charge flows in the loop. using :KVL . (Q 	 ) d +x . . (0 )
+ 2-q I 0 I -: 2 -q . 

· 

i 

(~-q)d+X) (%+q)(d x) =0 
<. (Q )EO A . EO A (:I. "'._. +q'{~+~)I"~ 

dq 
:. q =2d 1= (it = 2d (it ; 

ax . Q(dX) . 	 do-x 

o I 	

o 

aVO 
Ans, 1= 2d o 

···.········;:n 	 :. . iF'(eSOnance 	 .... ' " 
. ~~dticating for better tomorrow 	 ~':C":W)l . 

'. <~"1:;;';;'_~.- __-:/· , 	 _ ,"" '._ 

http:artt,f.at
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A9.5175 
.Initial state 	 Finar~tcite' 

',--,.-": 

. :::L-+8OpC..aopc. C.=2~F 	 , ~:a+·++q··:' '.~ ~. f": :..."' '.';,:.,,- . -;~.'"_,,,--.-j. '._10~clc.=1IlFI· : ",i . I+<i;.(=+65tiC.)
c • -<I. (=-65IlC)+10~CL .... +12OpC 	 .. .(i' :<.. ,::), .,} ,",' '. '.'c,,=2IlF r-12OpC 

-65-(-120) =55pC 

c 	 From conservation ofcharge 

- q1 - q3 =10-120 =-110 \.IC .............. (1) 


() - q2 + q3 = - 80+120f=f+40JJC;~ ..... .:: ..... (2) 


( 
In the final state .. 


q1 q2 q3 q q q 	 ..,q qq'- = - + - => _1. = ~ + -1. at q + q =2q => _1 = ~ + -1. q2 + q3 =. 2Q1CA CB Cc l' 2 2 2 3 1 1 2 2 

Solving we get q3 =65 \.Ie.( 
The charge on lower plate of capacitor C change.s from - 120 pC to- 65'~C.c 
Hence the charge flowing throl!gh.shown connecting wire is C 
(120-65) =55 \.lC. 

final charges 

q3 = 65\.lC ; q2 =25\.lC ; q1 ::: 45\.lC 


( 
\ 	

Heat produced =Vi-V, 

(65\.lC)2 + (25)J.C)2 +(45)J.C}2]·· ..'. ..(, _ [(120\.lC)2 + (80IlC..)2 +..:;..(1_0!.....)J.C-:..).. _2] 
Ans'.3025- 2x2)J.F 2x2)J.F 2x1)J.F- [ 2x 2)J.F 2 x2)J.F 2 x 1)J.F =3025IJJ . 

l' 

\ 19.52 5 

(Ans. A+B = 2 + 3 = 5 


Applying Kirchoff's law in 


\. Loop1 1 R R 

e-(il+i2)R-i1R=O ... (1) 


( Loop 2 2 


( 	 -iR+e-.9..+ i R=O .... (2) 
2 	 C . 1 

(' 
",. eliminating il from (1) and (2) 

q. e-i2 R . 3e q 3L e- - - I R +. ." .... =C· or 2 -C-2 i2R=0C 2 	 . 2. . 

C dq 
i2 = Cit 

( 
q dq t dt3CE- 3 dq( => 	 or

2C = 2' R dt 	 f3CE-2q = LRCo . 0' 

L .. _2L 
1 (3CE- 2q) __t._. 	 2q., e 3.ac or 	 or 1 -''-'= '.( 	 - 2 In 3CE - 3RC - 3Ct: 

( 	
3CE [1-e. ~bl i = dq (E) _..3!

=> q= -'-	 2 dt = .R e 3RC2 . 

• [. 2t )c 	 R =;from (1), il = E~~ 1-'e- 3RC . 

L 

c 



I 

I:· 
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20. 'MAGNETIC EFFECT OF CURRENT & MAGNETIC FORCE OF ON CHARGE CURRENT f;~% •• 	 t,. . . .- ~ . ,,: . 	 '..., ,.; ,': ,";' - ." . 

~ 20.1 	 (A) .:. 
Disc behaves like made up of coils:;~m:iinged irdi p'lane in 

I' 
Iw,hich current is flowing in anti.;.clockwi~e directic;>n. 
i . '. 
I

Hence, the field at A is dired~(rintO t~e.PClg_e:H.~nce (A)~ i . 

.I·20.2 	 (A) 
! 
: -. 

_ Ilo vx r 	 1 qr _'vxE" ~~-'.
and 	 - - --3 B = 110 Eo,(,ij xE).::;:; , 2""" -- ,,' ,,' ~.B= 41t qy 	 E - 41t EO r . C 

20.3 	 (A) 
Since' 

_ 110 vx r 

B = 41t Q7' vx r. .must.be.'Sarne 


where v= velocity of charge with respect to observer 
Let A and B are the observers 

then (VC-vA)xr = (VC-vB)xr 

or (VA - VB) x r = 0 , or (V.A -VB)II r 
20.4· (e) . .. '. 

Due to FABe the magnetic'field at Ois along y-axis and due to eDEF the magnetic field is along 
x-axis, 

Hence the field will be of the form A [i + J1 

Calculating field',due to FABG: 

due to AB.: 


B

'. !-loi .' ..' _ r;;2 !-loi ~ 
BAB = e) (sin 450 	 cr--'--( -+ siri45°) j - vL.-J 

21tf41t - . 
2 	

o r'r~/4:'1!/4 'Irx 
Due to Be : 

Z 
.••• JI :Ol _ 4 (sin 0°+ sin 45°)] . !loi~' 	 F E ) A

---J 
BBC = 4n{'2) 	 - 2,[2ne 

Similarly due to FA: 

Iloi ~ 
- 1 

BFA = 2.J21tf 


i[ 1 1../2]...: 
Hence BpABC =-~~ 2../2 +2.J2 +2' .1 

- _ ..filloi (~)
BFABC - --:;;e- J 


Similarly due to CDEF: 


- _ .J2lloi (i) 	 - - ..filloi (i + J)
BCDEF - 1tf 	 => Bnet - 1tf 

.• ;,,'" 	 '.;:"i'Or	 ....~eSQnaRCe . 	 " . ..". ~< 
.. ~...._.. ~~catlngfOrbettertomorrow. ',' O.~ 1'1ii.'._ 

';"~~;;; .: 
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'£0.5 	 (B) ..' 
",.l~# 

Let us compute the mC3.9.neticfield due to anY,~r:t.e segment: 

B == !lo~ (cosOo +cos(180-a)} . 

4n{dsma) 


== 	 .!loi,; (1-cosa) = Iloi
la" Cl..' 

4n(dSina) 4nd 2 '. 
~..... 

" Resulfant ,field will be : 

o 	 11 i a' k == Iloi 

net 2nd 2 2nd 


B = 2B= _O-tan- => 
-!'y 

20.6 	 (C) upto IX)

( 0: 	 I 0 
•• ' ""'. ." I .........x 


( 	 Boo =.0 BOB = 0 
z ....;,;:···a·····" 1101 	 . 1 

.;. 
I parallel to 'y' axis

BAB == 4naJ2 [cos45°(-I)+cos45°kl = 110 (-I+k) 
II. 

8na 
A'

;'up!o IX)
(:
:!O.7 	 (B) 

c 11 i .' 	
;:0 

B = ~ - (sin 90+sin(- 8»
4n a 

( 

\, 	 j~ +. ...... . 
: . -... 90° : 

( 	 110 
\ 	 - 110 i (1 - sin 8) = 4n a 0 ·O)~ .........$(-<j
[1- Ja,b+b' ) 	 , . 1:: ....~ -	 4n a (	 (a,O) 
(, 
20.8 	 (B) 


Magnetic field strength at P due to 11
(" . 


( - 11011 k = 4nx10-7 x2k 
 =(4 x 10-5T)kB1 == 2n{AP) 2n X 1 x 10-2 

( 
11012 ~ 4nx 10-7 x3 ~ ..;. '. J 

( 	 Magnetic field strength at P due the 12 B2 = 2n(BP) J == (3 ><1 O-fiT)]
2nx 2x 10-2 

'-.J 

C Hence, B = (3 x 10-5T)J +(4 x 1:0-5T)k' 

C?·9 (C) ' .• '. '. > ..•. '. . 

By symmetry, the magnetic"fteld at the cent're 'p is zero. 

~O.10(D) 
f 

" {B.a.e =Ilo (i1 + is + i2"'; is) =Ilo (i1 + i2) [since for the given direction ofcircumlatiori is enteling at PSTU 

ABCDA 

is pOSitive while is at PQRS is negative} 

?0.11 (C) 
,,~ .... 

From ampere's law, the field at the axis is zero. i
Frorn<~;;:;zeroJQR1" the,.n~ldjncrea~es IineR'OY 

c 

,?\~sJ~"~ ;8Yr.r~nt~ncI9~itt"qj~Br.~~~~~~,. "., ,.",.;: ...•. 

From x = R1 to R2 arid rrcimx':: R2 to R3,'the field' 

decreases hyperbolicaly but with different slopes 

as therhedia are different. 

Hence the required graph is 

c 

.' 

, 
R2 

", 
" ,
'.,' ' 

I 

. r--+ 
R3 

&1f~ Ornarlce" 	 :-...:
ngfcjrbj!ttj!r tomQrrow,.... ,. 
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20.12 	 (O) 

F =q[ v (-1>] x B( j)] =0 

Because B as well as v is are along axis of circular loop. , 

20.13 	 (B) 
x x 	 xElectrom;agnetic force will provide the necessary centripetal force. 


2
mv ,xeBv= -  2r'r 
x 

mv v (2ad){B) 

=> r= - = - = 2d
eB Ba - (Ba) 

i.e. the electron will move out after travelling on a semicircular path of radius r = 2d. 

Hence (B) 

20.14 	 (0) 
As the magnetic field is along the x-axis, the magnetic force will be along (-) z-axis from t = 0 to t = To 
and along (+)ve z-axis from t =To to t = 2T ' o 

y 

vosin90 
Vo 

.....
/F ~ )x For t =0 to t =To : 

. // vocos6o 

jtz
// 

,,(-z)y 
" centre 

At t =To .2 ,.
"yo. I >x 

x-coordinate,= (voCO;e)To = ~ (Since pitch = Po=(Vocos9)To) 

y-coordinate = 0 (from figure) 

and z-coordinate = - 2 Ro (from figure) 

lrIence (A) iscQr~ect. 


S· '1 I '3To ' 
Iml ar y at t = T ; 

3PO )
coordinates are (T' 0 , 2 Ro Hence (B) is correct. 

Note: z -coordinate will be + 2R ' because fromt = To to t = 2To.dir~ctionofB changes.o

As the charge will perform circular motion about x:-;axis, thetWb e~terne$' fn)!n x-~is are 4Ro from 

each other. " , 


Hence (C) is also correct. 
, .' Hence only (0) is incorrect. 

'-' 
~ 
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20.15 	 (A) 
The point charge moves in circle as shown in figure. The magnetic field iVectot'S.at a pointP on,axis of circle 

are BA. and Be at the instants the p.oint ~harge is at A~hc.fc respectively asstlawn inthEHigure . 
.. p ... 
BA~Bc 

I I \ 

I \ 
\

( ) 	 I 
I 

\ 
\ 

.I' \Ii. :~-- ,. - "\c 
, \ .. 

~-

'. '. I '. . . . . .. . .....• . . .'. . . ~ . . . . 

Hence as the particle.s rotates in circle, only magriitude of inagnetic field remains Constant at the paint on 
axis P but its di~ction changes. 
Alternate solution 

( The magnetic field at point on the axis due to charged particle moving along a circular path is given by

\. 

j,to qvx r . . 


c 

( 41t r3 


It can be seen that he magnitude of the magnetic field at an point on the axis remains constant. But the . 

direction of the of the field keeps on changing. 


20.16 	 (B) 

PointAshali record zero magnetic field (due to a-particle) 

when the a-particle is at position P and Q as shown in figure.


( 
The time taken by a-particle to gO from P to Q is 

( 
\. 	 1 21t 21t 

t ="3 or 00= 3t00 
r 
'\ 

( . 
20.17 	 (A)r 	 . 

'\ n=fj+n
r 
'\ 	 2i 2i 

(A) (B) 

C force in figure (A) is zero, an9for¢~in figure (ED =i t B. 

( ,20.18 (D) 
. . The particle will move in a non-uniform helical path' with increasing pitch as shown belpw: 

xr 
\. Its time period will be : 

"'
t' 

.. 

2nm 
T =--= 21t seconds

qB 
xChanging the view, the_partrcle is seemed to 


move in a circular path in (x - z) plane as below 

After tc-seconds the particle will be at point 'P', hence x coordinate will beO 
c 	 zFor linear mo.tion along y-direction. 

. ·1 Eq
Y(1t}::: O(1t)+ __(1t)2


2m 


Z
1t

f 
\.... Y(1t} = "2 and OP = 2' Hence the coordinate [0, 1t; ,2) . 

A 

y 

c~ 



A>nSJf!ers & Solutions (Section-I: Physics) 	 roJEE (Advanced) - RRB (;Ii 

20.19 	 (e) JfJ 8=1T 
The centre will be at 'e' asshQwn: 

x 

y 
.: : 

Coolrlhates ofthe centre ale (rcos60o, -: rsin600) 
, . :". '. "';'~" '.. '. " !' \, :", " " : . .., 

:"\'}C
mv 1x1 


w~ere r =radius of circle.= Bq = 1x1 = 1 


(! - ../3)i.e. 	 Ans .. 2' 2 

20.20 	 (8) 

Th.e charged' particle moves in a circ:le of radius ~ 

mY·2 	 2mv 
orqvB =a/2 B:: 'q~ 

20.21, (8) 

y 

x 

Hence (B). 

20.22 	 (e) 
After two and half time periods, it is at a distance 2Ro on the negative z-axis. y-coordinate will be zero 
And the x-coordinate =2.5 Po' . 
Le. it is at a distance 7.5 Po from the mirror; hence its image will be at 2(7.5 Po) + 2.5 Po = 17.5 Po' 
Hence(e).' 	 . 

2 ~ (B 	~ 8,:) loL2B ~ • 
20.23 	 (A) t = m xB = IoL k x .J2 I + .J2 J ..... .J2 (j i). 

20.24 	 (e) 

-d+ 2 dB .' '.' ··dB
E.dt = - = - 1tr -	 N= .A.Edt=;... RA.1ir2d'tY 	 dt dt J 

fNdt ::::.;., RA.1tr2 fdB.. 	 = RA;1t~8 =1m 

qB
1tr2B~ 	=mr2(i)=> 	 => (i) = 2m21tr 

20.25 	 (e) 

~.5-~{t::~)w..,, ,,>j.... s' .,. F 

.N" 


Initially j 


1.2 N= l.(lxB) .J, 

In the given condition 

l 	 . 
F =1-.- B sine = UB= 1.2N.J,.

sine 

N 

.. 



, 
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20.26 (e) Force on wire is: 

F = 1 )( 16)( B ......... :: .. (1) 

but 1.2 = I )( 20 )( B ....... , ..... (2) 


\ ~"IF 16 4.8 \ <:.:;,<:J/ I ........0.' 

1.2= 20 ~ F = 5 	 '<"i'· 'V' ~ 4 ..... J_.., ~ 

16cm(l 	 0,.96 N .J.. downward 

20.27 (e) Magnetic field~at 'P' due to wires (1) and (2) is : 

r flol flol 2~ol . . '. '.', ' .... 

(Qut of the' paper) 
\ Bl = 21t(xsina) + 21t(xsina) 

r 
\, 	 '1

21 	 '. . . ' .,' .' 
Now if a current of -.- is flowing in the third wire then the magnetic field due to the sanie will be: 

( 	 Sin a. .. . , 
\.

fl (21 J' ~ 	 .,' ..... "". .... , . 21c B2 =2:x sina. ,which will cancel Bl if iUs out of paper which is possible if the current sin a. in the 

third wire is from right to left. 

( 
20.28 (e) 


r At a distance x consider small element of wiath dx. 

dx 

--tJoo 1-:

( 

\ 

. . 	 (qd ). - X ro 

Magnetic moment of the small ,element is : . dm = f!. .1tX2 


. . 21t 

I 

( 	 x 

( 	 lI2 

Jqro 	 2 2
M = qIDl = q1tUM= Ux2dx, 

24 12'c. 	 -tl2 

( 20.29 (A) 

(. I . 	 . . 
'" 	 B::: flo R (sin 900 + sin 1350 ) =flol (../2-1) 

41t . .fi 41tR· 

( 
20.30 (A) 

( Let the current density in complete leftcylinder iSJ ,tlleneor1tent density in completerightcylhider is 

- ~. Then magnetic field at any pointP in the region ·of overlap is .... 

c _ _ flo - - flo - 
B - "2 JxAP + "2 (-JxBP)c 
=11; Jx(AP+PE3)= ~; (JxA(3) 

. . 	 . 

c 'rh~refore magnitude offield at any point In region of overlap is = ~;Jdandits direction i.s along 
I 

"'-. positive y-direclion at any pOint P in overlap regio,n. 

L 

···~x 

cylinder 

d 
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20.31 (C) BdU8I0ftrslioop = 4 1l0~ . [C0S450 + COS450 

41t
2 

" 2../2llri . 2../2lloi 1 .2../2lloi 
=> B = [1 - - + ............. 00 ] = In 2


1ta 1ta 2' 1ta 

20.32 (A) '.'. 
lloJ ( . e . e ) 

. ...B= - Sin 1 + sin 2 
•••' ... '" ·1 •• ·...41td ."'\\', ,-" " .. -" .• --"I. ,

I', \7 I' ,
10- x 1 00 [J3 1] 

", f.'"I 

= . .J3-1 2-2" =5x1Q-6T I 0••.~I),""360--30).
( .. . R 

(J3-1)m . . . 

2(),33 (A) 

The magnitude of magnetic field at P(R .Y. R) is 
. '. ~. 2 2 x 

lJoJr lJoi R lJoiB-----x---
- 2 - 21tR2 ../2 - 2J21tR 

i-k .vw-t... •Zunit vector in direction of magnetic field is B =' 12 

B =BB = lJoi (1-k) 
.. . 41tR 

Alternate solution 


- Il Il i ~ (R! R") IJ i " " 

B = T Jx r = T 1tR2 J x 21 +2k' = 4:R (i-k) 

20.34 (A) 

- aB. aB. 
X' M . y.=> F = Mxa;(1 + v---ayJ 

F= A(2cx)i + B(2Dy)1 . 


at r =(EI +FJ> F= 2AEC f+2BDFj 


20.35 (A) 

The. resultantmagneticdipolemomentoftoroid is zero. diiof sma}1 partsoftoroid turn along a circle and 

hence there resultant is zero. 
Torque acting on .it is zero .. 

20.36 (AD) 

1 
Bin a. r BOUI a. r . 
Alternate Solution 
B (inside the conductor) a.r 

B (outside the conductor) a.! 
r 

B2 1 R. (distance framaxis) 

u - -.-0.

.. - 2110 r2 

........ 
'.
,"":;,':;:;-1:", 
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" _0.37 (A DJ. 
:.. ...Consider a ring of radius x and thickness dx. 

. co .... · .. ·· ...... co .... Q 
. Equivalent current in this ring =21txchargeonring=21t x (211:x,dx) '1tfP @)

~ . . 

Po (co 2xQ )
dB (due to this ring) = 2~21t 'R2 'dx . 

c· 
R '.' 

!locoS llocoSPooco ~ dx. 
• .' •• , .' , ~ H", .....::;.#...B = S21t R2 = 21tR2 . R= 21tR . 

o 
( . 
\.:::0.38 (ABC) 

( 
, 

1tm 
(' 1t 1tmV ( I )(1t) T

ArcAB ='3r = 3qB Time 'f= 21t' '3 =6', 
3qB' 

r 
I.. 

20.39 (ABC) 

( , The particle will move along an arc which is part of a circle of radius 


mv

( r=-


Bq 

( From the figure we can see 
v 

trF . r= R 
( 

mv T= 1tr/2 = ~ v'.. ~ R= Bq v 2vC 
(' mv 


r=R='Bq Jr·
" 
1tm 


T= 2Bq
c 
; '~ 

.~~ 

( 20.40 . (CD) 
'- For cylinder; 
( 
\. . p.d ir p.o i 


B = 21tR2 I,., '~r'< a = 211:r r~a 

( . .
\.... 

We can consider the gi~en cylinder as a Comb.ination of two cylinders. One of radius ;R' carrying current 
c 

. I in one direction and otber Of radius ~ carrying current ~. in both directions. c 
_p.o{l13) + 0= p.oIc At point 1;\ : B - 21t(R/2) 31tR 

. p.o (4I13)(R) _ ~ At point B : a="2 1tR2. '2 + 0- 31tR 

[ 

\,... 

c 
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20.41 	 (D) The magnitude of magnetic force on charged particle undergoing uniform circular motion in uniform 
magnetic field is 

F=qvB 

Ifv is dou?led keEJping, q and B constaotithe. fqrce F just dpubles. Hence,§tiilteme.nU;. is false. 

2().42 	 (e) Both statements are correct, but statement 2 is not acon:ect explanatioh of statement 1. 

20.43 	 (A) Solenoid tends to contract because the current in allth~:cirCtilar tLrns'isin 'same 'direction: 'Hence all 
turns( can be assumed as a ring) attract each other. 

20.44 	 (D) The current through solid metallic cylinder also produces magnetic field inside the cylinder. Hence 
statement-1 is-false ' ..;.J ,'T -<'" .;..;.. • 

20.45 	 (C) -'" 

In triangle PMC c 
MP 

cos53°= 
MC 	 4-R 

3 R 

5 4-R R 

12 =8R -~yl .......... >, 


A B3 	 . 
R ='2 m (R is the maximum radius of half-circle) 

mumax 
Rma.= 	 qB => Umax =3 m/s. 

20.46 	 (8) 

mu 

R = qB =24 m 


Let, LMPQ= 9 ~o 


By geometry, ~ 

le\LCPO = (37 - e) I \

In .1.CPO, I \ 


OC OP 

sin(LCPO) = sin(LPCO)· 


20 24 

sin(37°-f)} - sin(1800-37°) 


8 	 .'5 5x6 
sin(37°-f) = "3 

. 1 

sin(37° - 9) = 
..... ':2, 

71t 

e = 180 rad. 


qB 
0)= 

m 


0) =2 rad/sec. 


71t 
t = 360 sec. 

\ 
C t\. \ 

37"'\ \(370-0) 

a 

I.. ..... ~.·.~. 	 : ' .. ". ">:"t:~'•......•. '.. ~i·.·.I :,.'.85.onat'lce 	 :. '~..' 
"." }~?catillgforbetterlomorrow 	 :. ",' . ':"""~"~ 

"t,;:"'

http:Hence,�tiilteme.nU
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20.47 (C) 	 ,,, .... -~-',, 
; ,

Inside. the cylinder 	 ; ,, \ ., \ 

- I 2 I .\ 

B.2ltr = 1-10 , ltR2 ltr I \ 

~ 	 I,' 
\ 	 I 
\ ,I, 

).1,01 	 'fl.... .:..I ' ~ B= --2·r ..............(1) 	 ---.".~';"; 


2nR 

(, 

, ' 	 outside the cylinder 


B.21tr= /,lol 


1-101 
B=- .............. (2) 


2ltr 

Inside cylinder B.ex; r and Qu~i~. 6 ex; ~ 
So from su rface' n~tu re. of mag fiel,,! changes. 

Hence it is blear from th~ Qr!;lptl tfi~t \'liire.'c· Him gr~ate:!lffadiua 


20.48 (A) 
C 	 Magnitude of mag field is maximum .at the surface of wire 'a'. 

20.49 (A) 
Inside the wire 

1-10 I 

B(r) = 2lt"R2.r 


dB 1-10 1 
dr = 2lt" R2 

( 

\ 	 ~ (~I . I 	 ex;I.e. s ope ltR2r 
\ 

ex; current density 
( It can be seen that slope of curve for wire a is greater than \'lire c. 

ex; a 
(,20.50 (0) 

Since there is no current 11~~in~rffirQugh Circular path,th:~iflt®falf~;;d~ aiphgthe~Sit~~crrcl:eiszero. 

( 20.51 (6).. ,(. .. ",,.,-, ..'. -:- .. . 
f Let segment OB =QC~ndprc8C:is.a circular arc with centreat()~gin~~in6ethe sllp:wn cio$edphfKABCA
'\ 

enclostis no current, th~ pathin'tegral rifmag~tic field Qv'er th.~~p~tn i$zer'Q. 	 .' 

B c. A. 
( Hence JB. df + jij.dt + jB. df =0. y 

A B \ C 

-," " 


A l,t 

( Because aisperpendicu1a.r to ~egmentAC at all points, tn.erefdreJB··df =0. Q 
. c· I 

B . B . 

'-.\. , 
....... .". 

Hence jB .df == JB~'d1'~. :~olJ;:):I3(P.l= 1101tafi~1,1r
'v 	 A c '~lt OB' 2lt···· ~ .!. 
f, 
\. . 

im.....•
,~esOrlan(::e'd"..,"' " 	 ,C •.;.~,~i:J!:;~:I!~:~prb\ltter tomorrow 	 • . ~':Y'iJ,,'c '. 

C 
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. 20.52 	 (e) 

Consider two points P and Q lying on dotted circle and equidistant from originO. We draw~ circular arc 

OP with centre at origin O. Th,e path integral of magnetic field. that is~ JS" de:alongth~Cldtt~d circle 

between two points P and Qis also is equal to path integral fs. dl along the arc QPwhose centre is at 

origin. 

Therefore th~ path integral of magnetic field Js. df 
y 

along the dotted circle between two points P andQ 

f.l.oIOP(a) J.l.oI a 
.= 21t ----oF> = .21t 

The value of ewill be maximum whel)·chord QQ and 

. 	 1t 
chord OP will be tangent to the dotted circle, that is. e= 3' 

Hence the required maximum value = f.I.~ I . 

20.53 	 (A) S (8) P (e) q (D) r 

R= mv/q8 

RB> RA 

and RA =Rc (in opposite sense) 

and Ro is smallest 

20.54 	 (A) -7 (q, s) 

(8) -7 (P, s) 

(e) -7 (q, s) 

(D) -7 (P, s) 

Work done. by magnetic.forceon the charge,; =:=0 .in allY :p~rtofi~~.,motio.n. 


'8' is matching for all parts (i), (ii), (iii), (iv) 


. For loopt n = - i :t j. - i = - i 	 ~S.dl =:J.l.o(,...i).n 

. ~"For loop 2 ~l 
'In 

=i -i+i=i 	 {S.dl = f.l.o(i) 

For loop 3 -~Iln = -i - i +i = -i 	 {s.dl = f.l.o (-i) 

For loop 4 n 
In 

= + i + i - i =+i 	 {S,dl =f.l.o(i) 

(Note: That current will be taken as positive which produces lines of magnetic.fie.ld in the same sense 

in which de is taken) 

... :-; 

http:magnetic.fie.ld
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20.55 	 (A) p,q, r, t (8) P, q, r, 5, t (C) r (D) P, q, r, 5, t 


The magnetic field is along negative y-direction in caseA,B and C 


Hence z-component of magnetic field is zero in all cases. 


" i 
r- The magnetic field at P is 4'lt d for case (r) 

" 

The magnetic field atoP is less than ~:~" for all cases. (") 

C 20.56 A- r,s 8 -r,s C - q,r D - p.r, t 

(A) Because the magnetic field is parallel to x-axis,the foree on Wid:) parallel to x-axis is zero. The force on " 

i( each wire parallel to y-axis is Bo Z.e. Hence net force on loop is Boi.e. Since force on each wire parallel to 

y-axis passes through centre of the loop net torque about centre of the loop is zero. " 

( (B} Because the magnetic field is parallel to y-axis, the force on wire parallel to y-:axis is zero. The force 

I 
\. 

on each wire paraliel to x-axis is Bo ~ .e. Hence netforce on loop is BoU, Since for-ceon e~ch wi~e parallel 

to x-axis passes through centre of the loop, net torque about centre of the loop is zero. 

(C) Since net displacement of current from entry point in the loop to exit point in the loop is along the 
( diagonal of the loop. The direction of external uniform l1)agnetic field is also along the same diagonal. 

. "" 

Hence net force on the loop is zero. Since force on each wire on the loop passes through .centre of the 

loop net torque about centre of the loop is zero. , 
\.. 	

; 

(D}The net displacement of current from entry point in the loop to exit point in the loop is along the diagonal 

(

\.., ( of length J2 .e.) of the loop. The direction of external uniform magnetic field is also perpendicular to the 

c same diagonal. Hence magnitude of net force on the loop is Boi( J2 .e ). Since force on each wire on the 

c loop passes through centre of the loop net torque about centre'of t~e"loop is zero. 

( ~ 20.57 (A) r, (B) q,t (C) t, (D) s 

( F qE+q{VxB) 

( 
If U 0, B=Bxi and E:;Eyj 

C then charge particle will start to move in y-direction due to electric field and as it aquires 

( velocity it will experience force due to magnetic field and will inov~"in a 
i 

cY6Iold:palh. 'Similarly, 
'--"' 

one can find path for other cases. 
( 

(A} If B =B =E =Ez =0 ; u =0 then path is cycloid. 
y z x· 	 " 

c (B} If E =0, uxBx + UyBy '* - uzBz then path is helix with uniform pitch aild constant radius or 

~traight line.c 
(C} If OxB =0, OxE =0 then path is straight line. 

c 
(D}"lf O..lB, BilE then path is helix with variable pitch and constant radius.c 

c 



• 
Annvers & Solutions (Section-] : Physics) ~ .... l);) jEE (Advanced) • RRB GIl 

20.58 91 

Electric field at P is 

Qx 

E = 41tEo(X2 +r2)3/2 
Q 

~P. 2 2 0 2 f2 2• .' ~o 21t1r _ f.1o 'It r 

Magnetic field· at P IS 8 = 41t (x2 +r2)3/2 - 41i (x2 +r2 )3/2 


f = frequency of revolution. 

2 

Electric energy density = -2

1EoE~ .• Magnetic energy density 28
 
. . 	 J.1o 

1 . 2 
2 2Electric 	energy density 2'&oE _E2 x c 9 

1010 9 
magnetic energy density = ~ - c 28 2 = 41t2 f2 r4 =~ x =9.1)( 10

2~o 

20.59 	 1 

Since, total charge is zero initially thus the two particle will be of opposite charges. Initially the neutral 

particle is at rest, So both will have same speed. As both particle move in opposite directions, magnetic 

fo~ce on tliem Wilt be in the same direction and of same magriitude. 

Using R = mV , both will be moving in the circle of same radius. So they will meet at pOint Q. i.e. diametri
q8 

cally opposite to starting pOint P. So time taken will be 	 [Made 2004] 

t = nR =nm ................... Ans. 1 

V q8 


20.60 	 45 

Torque of magnetic force about PQ .... (1) 

't = (I L 8) L cose =I L2 8 cose .... (2)m 

Torque of gravitational force about PQ 

'tg = [(AL) g L sine + 2 (A L) g (1/2) L sine] 

=2AL2g sine 	 .... (1) 

18 10./3x2 

'tm = 'tg => tane = 2Ag = 2x.J3 x'10 = 1 => e = 45 
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21., ELECTROMAGNETIC INDUCTION 	 :~~ .. , 

21.1 	 (B) 


f· I 1 d~ ~Ia
d~q = Idt 	 ---dt=--=-tn2.
f' , r dt r 1'(r 

C 21.2 	 (C) 
When the rod rotates, there will be an induced current in the rod. The given situation can be treated as 
it a rod 'A' of length. '3f' rotating in the .clockwise direction, while an other say rod 'B'ot length '2l'o 
rotating in the anti clockwise direction with same angular speed.!oh" -. '" '".:"", '>-.'H_C,.. ':'. 

1 
As we know that. e = '2 Brot2 


( 

For 'A' : For'B' : 


f 
\. 1 ' 


eA = 2 
1 

Bro (3f)2 & eB = '2 B (-ro)(2t)2 


Resultant induced emf will be : ' 


c 1 ' 5 

e =eA + es =2" B(0(2 (9 - 4) e = - Brot2 

( , , 	 2 

" 21.3 (A)
( 


Induced emf 

b

fBVdX = 

b 

fJ:L.JJ.\,dX
/' 	
, 21tX 
a a " 

( J..lolv (bJ
~ Induced emf = --tn - ~ Power dissipated = ~ 2re a 

f 
\. 

E2 
Also, power =F.V ,~ 	 ~ F =_1[~O IV fn (b)]2

C 	 F = VR VR 21t a Ans. 

21.4 (A)C 
'2)(' 	 dU d (1 di 

",-. 	 Rate of increment of energy in inductor = eft =dt '2l1 = Li dt 


Current in the inductor at time tis:
C 
tt 

f " 	 di = io e-
i = io (1- e t) ~!1d". dt 't 

C 2 __t 	 ~~ ..
dU = Lio e 't (1- et) 

( dt 't 

dU 
- = 0 at t =0 and t = 00C dt 
Hence E is b~st represented by :

( 
j 

21.5 (A) 
C 

L = -,-~...:.0_N_2_1t_r_2 
C t 

length ofwire =N 21tr = Constant (= C, suppose) 
rf , .' 
....-. 

1 

L = ~o (21tr '-f- L oc l
C')2 rer 2 
Self inductance will become 2L. ' c 

" ;~esCJr:tance"""~;""i""'" , '%i
",. '" r;eJ:!ucatingfor better tomorrow 	 " :' , ' " ,:r,i::;;;;",c rlcn 

" "<.'. 
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21,.6 	 (8)· . 

- - dellfE. dr '= - dt 
an~ take the sign of flux according to right hand curl rule. 

fE. dr = - (- (-nA) - (-aA) + (-nA» =-aA 

21 ..7 (A) 
Given: 

. Voltage in primary Vp = 200volt~: ". 
't' 

CUrrent in primaryip = 2 amp 

Voltage in secondary Vs =2000 volt 

The relation for the current in the secondary is 


5 __Vip .• 2000 2. . 2x200 
--=- orl ;::-- -02ampV- is => 200 i . s . 2000 -. . . . p 	 s 

21.8 	 (C) 

2B1tR2 
[Ans.: ].,

L . 
Flux can't change ina superconducting loop, Aell = 2 1t R2, B 

Initially current was zero. So self flux was zero. 


2 

. IlL' 2 ; B . 2 1t R x B
:. Flna y I = 2 1t R x , I = --- 

L 


21.9 	 (8) 

d ) 	 .' 
BIV=iR +..9.. or BIV =( di R + ~ c 
Hence the charge on capacitor increases with time 

21.10 	 (A) b 
The flux in rectangular loop due to curr~nt i in wire is 

1 
d·d+b . 

1 	 !Joia b+d
$ = J !Jo a dx = -in--	 -nor21tx 	 21t d 

d X' ;~~dxl _ 
Mutual inductance is 

$ \Joa b+d. 

M =T= 21t in -d

:. Mutual inductance is proportional to 'a', 

21.11 	 (C) .' . . '" .... . 
When the magnetic goes away from the ring the flux in the ring decreases hence the induced current will be 
such that it opposes the decreasing flux in it hence ring will behave like a magnet having'faceA as north pole 
and face B as south pole, 

21.12 	 (C) 

1 €

( ')2Just before opening the switch, the current in the inductor is dR. Energy stored in it = '2L R 

1 1 
. This energy will dissipate in the resistors Rl and R2 in the r"!tio R'B. -R .. 

1 2 

e~pnance· ....•• 
' ':':;.:/", ""'. 
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21.13 (B) 

. . , Q" 

Charge onttle differ~nti.atetementdx; dq~=7·:dx'::'c,. 


equivalent current di= f dq ....:.......,....•.... 
 ..'.:. .' 'ri;~?Jh~tic'rnorn'eni'oitRis~'~hie~fd~'; (dlfNA «N=1) Q 

= (1tX2)f ~dX 1)( <wp~/(. 
c) . I~ d dOjl~' _1 f" 2' A=> ~= 	0 ~=:T oxdx " -- 1t Q f.. ..................... n.s. 


r 3 : 

(21.14 (A) 
BH = B cote = B dOte v . 

Hence the induced e.m.f. in the roc.lJ~ B l veot e . 
21.15 (D) 

Since all the wire~arecpnnected'petween rim and axle so they will g(')ne~teinduced emf in parallel, hence 
it is same for any numberof spokes. 

(21.16 	 (D) 

dP = dF.v =_ Fdv =Fa 

dt dt dt 


( 	 as 'a' is decreasing continuously hence the rate· of powerdeliye.red.by external force will be decreasing 
continuously. .' . . 

21.17 (B) 

( 	 e= (VxB}.e => e= [ix(31+4j+5k)].5j => e= 25 volt Ans. 

21.18 {B}( 

1 


Time constant = 20 = 50 msec( 

3.16S'x20 	=100 V( 	 0 633 imax so i = • =0• 633 E.R => E =0.633 

(, .. 21.19 	 (A) 
( 

\. 	 L2B2V 
W =(L)F =L xlLB =L)( -'-.'-'-. =1J 

R 


C 21.20 
 (B) ..,..'. . . .'. •....... 

(" 
\ . The fi.eldatA~nd Bare ou.. tofthe paper and inside the. pa.per r~spedlvely~ 0 ,t... ® 
 f..., 
\. 
( 

' 	
As the curr~tlfin the straight wire decreases, the field also decreases. & ® T"1
For B : '. 'QI z 


C. 

( t => tAB 
c 

-+ -a-Bj Coy) 

The change in themagti~tiCffe'd which causes indliC~,Ci.irr'e~t(AEhiS along (+)z direction.c 
c 

Hence, induced emf andherice current should be such as to, oppose this changeAB. 

Hence, induced emf should be along ':"z direction which res.ults in a clockwise current in 'B'. Si.milarly. 

there will be anticlockwise currerilin'A'. Hente(B). .' , 


C,~. 	 .: . 1',...,.. .' 	 '>.. ,...... . ,. 	 , ,', , ......, , '"'. ;"esonanc:e ' ''_.... ..•.• ... .(~ .i• .t,EducatI1l9forbettertomorrow 	 ',' ~,:)~,.. :. ' .. 
,"·'1!.r""A::::- - • 

http:ix(31+4j+5k)].5j
http:powerdeliye.red.by
http:JEE:CAtlVilhc.ed
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. . 

21.21 	 (B) 
When the ring falls vertically, there will be em induced emf across A &.B (e =Bv (2r». 
Note that there will.be a potential differen~~ across any two points. on the ring of line joining them has 
a projected length in the horizontal pfan~. . .' ". .' ... ' •..... .... . 

Forexample,' between points 'P' &. 'Q'th~re. is.a project~d length 'x; illit~e'hoii~Q.6tal plane. r 

:. P.d. across P & Q is : . . .. . 

V= Bvx. 

But for points C and D : x =O. 

Therefore; P.d. =0. 

Hence (B). 


21.22 	 (C) 

'Considering a projected length 2,Ron the ring in verti,cal plane, . 
This length will move at a speed v perpendicular to the'field. This results in an induced emf: 

e = Bv(2R) in th.e ring" 

In Ring "A" : eA =B(~v)(2R). 
In Ring "B" : eB = B(~)(2R) 
Therefore, potential.differncebetween 
A& B = B(v)(2R) - B(-v)(2R) =4 BvR. 
Note: there wil be no p.d. across a diameter due to rotation. 
Alternate .... Considering rotation of diameter about lowestpoint : 

. c . 

·1 
2R 

1 
e = Bro(2r)2 = 2Bvr in A (since pure rotation). 

2 . 

and e = ;... 2Bvr in B. Hence (e) 
21.23 	 (A) 

The graph of current is given by : 

. di io 
i = io (1 - e-tlt ) ::::>, 'dt =. - e-tft 

.. :. 
Energy stored in the form of magnetic field energy is : 

- 1 L'2Ua- I2 

fl'f .Rate Q 	 Increase 0 magnetic fie d energy.ls: 

dR 
This will bemaxhl'l~m w~ell dt = 0 ::::> 

Substituting: '. , ' 

_ Li~ 	 (1-.!)(.!) _Li~ _[L(E/R)2]
Rmax - 1:' 2 2 - 4"t" -. 4(LlR) 

21.24 	 (B) 
When the switchis at position 1 : 

1 	 LE2
U = _Li2=_

II 2 	 0 2R2 

~ dUB L' di .' Li~ tJ tJ
f'\:; 7. = 'dt' == -;- (1 ....; e-: t) e- t . 

e-tit =~/2 

E2 
_ 

-
 4R 

E 
Just after the switch isShifted toposition2,current 1:::;- R is flowing acrossthe.r~sistance. Hence, at 

that instant P;d. across reisistance will be: 
. E 

AV=IR= R.R=E => Henc.e (13). 

http:energy.ls
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21.25 (A) 

If we consider the cylindrical surface tobe a ring of radius R, there will be an inducecrerM due to 
chang ing fielq. .. . ...--.' "" . . '. ~""'~)'! 

~-- 'd~ . dB' 
,.. JEdl = Cit = ~N'dt 

( 	 dB ,dB R dB 
=:> E(21tR) =-A- =-1tR2 =:>E=--,-,

dt dt 2 dt 
--'W~ _" .."," ,.Force on the electron. 

eR dB 	 teR dB 
F=-Ee= --- =:> , acceleration =--

2 dt 	 2 m dt 

As the field is inCre};lS,ing ,b,eing. di.r.ec;;teqjnsidethe :paper, hep,ce there\lllillb~ anti/.?IQckwise.induced 
current (in o'rder to oppose th~ 'cause)!n the ring (assumed). H~nce there WUlbea f~rce towards left on 

, the electron. 
I 
'--- ' 

. 21.26 CA) 
,r 
I. 	 ' The equivalent diagram is : 


R ·· 

1 

The induced emf across the centre and 
(, any ponit on the circumference is : 	 R2 

_ 1 Bror2 	 e 
leI::: -Brof2 =-

2 . 2 
( 
\. 

Bror2 

:. Current through R1 = 2R1 Ans. 


21.27 (D) 

F( 
\.. There is a force FM =I(de x B) acting on the rod carrying a current I. 

( , By the rule of cross product, this force is vertically upward. 

F.B.O. of the rod: 
( 

,F-W= rna ";;Y;l~; 

(, . F W 
"a = 

r. m 
\. " 

( 

The magnitude of acceleration will be constant,but the direction will depend on the mass ofiherod: 
( , Hence (D) is correct option. 

21.28 (C) 

( Considering pure rolling of OA about A: the induced emf across OAwill be: 

I eI Bro(r)2.'. 

2· 


From Lenz law, 0 will,be,the neg~tive end, while A wUl l:)e thE! positive end. 
", .. . . ~ 	 ". - " 

2 
vo-v = _ BrorHence A - 

2 
\ 

Hence (C) is correct option. 

'" C. ' 

c 
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21.29 	 (D) 
x x x x x

Fb =.BIL. 
Induced current: 

1:; (Bcor
2 (2) 


R 


8 2 3corF == 8 (8cor2) 
b 	 2R r = 2F{ 	 xx· x xFx 

To maintain constant angular velocity: 

F =..:...!!.. _ B2cor3F(r) = Fa(r/2) =;> 	 Ans.,2 -~ 

21.30 	 (e) 
Fluxthrough a closed circuit containing an inductordoes not change instantaneously. 

=;> 	 .. - Ans.L('§') = .!:. (i) 	 -4E 
1- R• R 4 

21.31 	 (A) 

d$ Bd(bl) 
= Bbv = B )( 2 )( 10-2 )( 20 =0.408E = ill = dt 

£\t = 1x 10-
2 

=5 )( 10-4 sec =500 Ii sec
20 

t = 6x10-
2 

= 3)( 10-3 sec == 3000 f.! sec
20 

21.32 	 (D) 

. lEI BdA 
I=R=Rdt~ Q = Iidt = ~ fdA =: A 

using values Q = 1.2 )( 10-6 e 
21.33 	 (e) 

Ie I= 8lv where 1 is the edge perpendicular to both 8 and ij i.e.c. 

:. I e I=8 vc. 
Now by. righfhand thumb rule magnetic force an a positive charge moving towards right is in down ward 
direction Hence end P will be positive. 

Vp - VQ is positive ~ e = + 8vl. 

21.34 	 (8) 

4vsanvaU1 reVBt T8vBa---01) 	
.A B 

VA13= 4vBa 	 '-../ 

x 

~·.I".X 
. - , oX 

x 

21.35 	 (8) 
The magnetic fHux in innerloop due to current in outer loop is 

liO 21ti) 2 (n8 2
) • .. d~ na

2
coio 

<I> = 8A = --b .na = lio-- locoscot . e = ill = f.!o 2b sincot. ( 41t 	 2b . .. 

==n-lIICI1'-=.,;".~. ',," rt~:~;'~: 
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21.36 (D) 
L = llon2nr2f 


A =nr2 


N2 


n= 7
N 

=> L = J.1o-A 

f 

By putting the given values, it can be seen that it is maximum for solenoidno.4. 

21.37 (A) 
. . 

the equator can be s~en as a conducting rirQ of radiur Re revolving with ~ngularvelocity,ro i~ a p~r;Pendicular 
magnetic fieldS. 

'; , . . '. BroR2 

Potential difference. across Its center and periphery =T 
equator31~Potential at pole = potential of the axis of earth Le. potential at point 0 

-v _ BroR 2 

Veqvator pole - e


2 

21.38 (A) . 

When switch K1 is opended and K2 is closed it becomes L-C circuit so applying energy conservation 

( 
Q~ 1 C1C2 
~= 2 Lj2;Qo=CeqV= C +C 'V=(20 x 10-6)2C 1 2 

'\ (20 X 10-6 )2 
= ; (0.2 x 10-3) i2 => i =1 A

2x2x10-6 
(, 

f 21.39 (D) 
'\ 

i ='!'(1_e-RtlL )(' R 


charge passing through battery 
( 

q = Jidt = ~ 
LlR

J(1- e-Rt/L )dt _ .!.{.!:.+.!:.(e-1-1)~ _ ~ 
- R R R ~ J - eR2 

c o 

&2L 
( W~=q& = eR2 ".....- . 

( 21.40 (ABO) 
" Rate of work done by external agent is.: 
{
'-. dw BILdx, . 

dt = -d-t- = BILv & thermal power dissipated in the resistpr = eI = (BvL) I 
{
"-.' 

clearly both are equal,Jlence (A} . 


If applied external force is doubled, the rod will experience a net force and hence acceleration. As a 


C. result velocity increases, hence (B) 

c e e 
Since; 1= R ; I = R 

On doubling'R', current and hence required power becomes half. 

Since, P ::;: BILv 


Hence (D). 

( 
~/ 

l~ 
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21.41 	 (BD) . 
I;::Equivalent circuit: 

2
 
. Bror2 (Broa )'


I~duced emf e = -2- = -2

(... Radius= a) 

By nodal equatian,: 

nodal 


4 (¥)+{r) =0 

5X=4e 

4e 2Broa2 
x 	 ~ (ii)=> 	 X= -5- = -5

2 
and I = 	X = 2Broa
 

r 5r 


also direction of current in 'r' will be towards negative terminal i.e. from rim to origin. 

Alternatively;b~tequivalent of cells (figure (ii» : 

e 4e '2Broa2 	
_ Bror2 )(.:1= . r 	 e - 25r 5r 

r+ 4 

21.42 	 (AC) 
Since curve 'b' is below curve 'a' hence it is posssible that E & R are kept constant and L is increased 
or E & R are both halved and L is kept constant 

21.43 	 (A,D) 
At steady state no resistance will be offered by inductor hence, time constant is UR and steady state 
current in inductor is ElR. 

21.44 	 (ABC D) 
lei =Ba ro sinrot 
<p =B<;l cosrot ; 
* lei is maximum when rot =rc/2 

so <p is zero. 

* lei is zero then rot = 0 So 4> =is maximum. 

21.45 	 (AC) 
By principal of energy conservation. PB =PR + Pl 

di 
Near the starting of the circuit PR = i2 R and P =L t .L dt 

di 

As dt has greater value at the starting of the circuit, Pl > PR 


X.+JIMM..-I J....J\J\J\M,.4X == i--J\MM...IX 

21.46 	 (A) 
<'It is obvious that flux linkage in one ring due to current in 


other coaxial ring ,is maximum when x =0(as shown) or 


E 10 	

\ 

the rings are also coplanar. Hence under this condition 

their mutual induction is maximum.M 


x 
21.47 	 (D) 


Magnetic fie1d cannot do work, hence.statement-1' is false. 


'.esonance. 	 .'. "• 
. . ",,,,,,,=,,,,E!f:UC3ting for better' tomorrow 	 ,"? ""',., :,: 

~~~:~;g~~,~;~~~.~ 
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21A8 (A) 
Obiviousty statement 2 is correct explanation of stateii1emt-.1· .. 

,21A9 	 (A) 

{S.de a'long any closed path within a unifOrm ma.gneticfi~ldis·al\:vay~lZ~r'(l:'He~~e;theclosed 
path can be chosen of any size, even very small size enclosing a very small area. Hence we can 

L 	 provethat net current through each area of'infinitesimallysmall size within: reg ian of'uniformlllagnetic 

field is .zero. Hence we' can say no current {rather than no net current} flowS through region of uniform 

magnetic field. Henbe~s~terrieiit~":2-rs correcleXplahatibnof statem~nf.,1~: ".' . . . . 


(21.50 	 (C) 21.51 (C) 21.52. (0) 

,21.53 (B) 

51 to 53 


( 
 . .' ..... 1000 

The fan is operating at 200 V, consuming 1000 W, then I = 200 = 5A 


( 

But as coil resistance is 1n.then power dissip~tedby int.emat resis~nce heat is P1= 12R = 25W 

If V is net emf across coil then 	 ' 

V2 
( 	 - =25W V = 5 volt 
" R 

( Net emf = source emf - back emf 

" V = V - e => e = 195 V 
s. " 	 ,",, 
\. 	 The work done P2. = 1000 - 25 = 975 W. 

(' 21.54 	 {A}
\. 

dB AdB -4 2 	 IC dt = 2T/s => E=- dt =-800x10 m x2=-0.16V 

0.16 

i =ID = 0.16 A, clockwise 


!' 

I'- . 


21.55 {B}
C 
\...J 

dB 

At t = 2s B;;:4T; . dt' =2T/s
C 

(' 	 dB 
'-... t = 2 s B= 4T; dt = 2T/s 

(( 
'C. dA 


A = 20 x 30 cm2 = 600 x'10-4 m2; dt = -(5 x 20) cm2/s 

{ 
'l = - 100 .x 10-4 m2/s 

t d$ . ····[d(BAi] [BdA AdS] . .': "-:'." . '.:" 
.E = --dt =-dt' =.... T+ dt'; =--·[4~('.400)'c'10.-1}-+.600.~,10.,,4 x 2]

( - -,'" ,', 

'. . = -[-0.04 + 0.120] = - 0.08 v 
(. Alternative : . . .' 

2.~. =: E3A = 2t x 0.2 (d~4 - vt)= 0;'16t - 004 vt
( 

.<..d$ .... '.: .• ,' . 
,( E=- - =0.8vt-0.16.< dL.· ....\... 

at t = 2s 
C 't'::'2s 

E = - 0.08 V 

. MlRe,SQr::'Iar.:a" .. 	 ". ".:,:.:C . ~Ell'-'ti-''''f'''' .- (::e 	 .. '.• ' . ".... . .......u.caog .orbe.ttertomorrow 	 . . ',:' ''''. v' 
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21.56 	 (e) 
At t = 2s, length ofthe wire = (2x 30.cm) +20 em =O.8rn 
Resistance oUhe wire =0.80 

0.08 1 , 

Current throug~the fod,= 0.8 = lOA 


1 
Force on the wire = il, B· = 10 x (0:2) x 4 = 0;08 N 

Same force isap~iied pn' th~, rqg)rrgI?PQ§!t!':L~Ir.~9~9.11.!~tl);l.~k~~ ~~t,!OE9,e3~er(),., 
-.i ... · 

21.57 	 (B) 

'_ jJmg.v _ 0.45x102 x103 x10x20.;.. 6 " 

Power - fractional efficiency - 0.9 - 10 watt 


21,58 	 (C) 
8 = Bol Vi = Bv.Vi; 2 x 10-5 x 20 x 1= 40 x 10-5 Volts 

21.59, 	 (D) 

. 324 9 
Time taken = 72 ='2 hour 

, 8 2 (40x10-1i )2 
extra power engine = Power dissipated in resistor =R = 10-3 , = 16 x 1<J5 watt. 

5 
O h 	 db h ' . 'II b 16x10For thIS t ~ extra power consume. y t e train engine WI ,e 0.9 watt, 

16x10-5 ,9 ",' 

:. energy consumed = 0.9 watt x '2 hour = 8 x 10-7 KW hour 


21.6Q 	 (A) r, (B) s (C) p, (D) qI 

Magnetic field is along x axis because when the cube is mpved along x-axis, there is no motional emf as 

vx B= 0 . When the block is moved along y axis, force on the, electrons is in direction 

-(jxi)=k 

Therefore electric field will be created along z-axis. 

Now, c. v.B = 24mV' , ::::> c =20 cm 

similarly, b vB = 36 mV ::::> b =30 cm 

:. a =25 crn 


21.61 	 (A) P, r,t (B)p. r • t (C) q.s (D) p, q.r. s, t , 
(A) Speed ofcharged particle cannot be.changedby magnetiBJ()fce because magnetic force does no work 

on charged 'particle. Only electric field in case (p), (t) and induced electric ~eld in case (r) can change speed 

of charged particle; , ' 

(B) Magnetic field cannot exert a force on charged particle at rest Only electric field incase (p), (t) and 

induced electric field in Case (r) can exert force on charge initially at rest. , ,,', ' 

In case (r) after the charge starts moving even the .magn~tic fieldcati exertforce on chaige. 

(C) A charged particle can move ina circle within uniforrHspeed clue to uniform and constant magnetic field 

in case, Even within a region of non uniform' magnitic field, at all points' oriacircle'fieid may be uniform for 

example on any circle coaxial with a current carring ring 

(D) A moving charged particle is accelerated by electric field and also accelerated by magnetic field (provided 


, v is not parallel to B). 


'eSC:lf::'lar::lCe~~ ',.•. '. • .,. .• - ,/ 
'.: 

'::' . <3 :~~:;<~" 



c 
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21.62 (A) q,s (B) p,r (e) p,r (D) q,S 	 , ' ,', 
(A) Due to c.yrrentcarryingwire, the magnetic,field in loop will be inwards w.r.t. the paper. As current is 
increased, magnetic flux associated with loopincreas,es, So;acurrenf wUlbeinduceq,so'.as to de:. 

, 0, ' " 	 " 

crease magnetic flux inside the loop. Hence Induced curr:eht in ~~e 10QP,winbe(anticlockwj~e. The ~urrent 
in left side of loopshall be,downWards and hence repelled by Wire~ The currentin right side'ofi60pis' upwards 
and hence attracted by wire. Since leftside of loop is nearer to wire, repulsive force will dominate. Hence wire 
will repel the loop 	 , " ,

c) (8) Options in (8}w.iII be oppsite Of that in (A) 
(C) When the!o~p,is moved away from wire, magnetic flux decreases in the loop. Hence the options for 

n this case shall be same as in (8) , ,," .. ,'''._ 4,' ,~' , 

(D) When the loop is moved towards the wire, magnetic flux increases in'the loo'ji'Hencethe'opfioils 
for this case sh~1I be same as in (A) 

( 21.63 8, 

( 

" 

( 	 y 

( 

)( 

=":':Yl 'z 

) t<2 ~ 12
z dz 

y 

Figure -1 	 Figure - 2 

The magnetic field at point P (figure -2) is 8 = 1..10 I 2 2 
( 	 21t vY +z 

( 
The magnetic flux through the shaded strip in figure -1 is d</l =(W dz) 21..10

1t 
( 

c 	 z 
where sine = ~y2 +z2 

( 
total magnetic flux through rectangular loop is 

LII..IO iosinrotWzdz 1..10 (y2+~) .. 
( </l =021t y2 +Z2 = 41t WIn y2 loslnrot 

~ 2 2 sin e 
y +z 

( 	 , d<plJi) , '(~+y2),
induced emf in the loop is e =<it = 41t io W oj cosrot In y2 

{ 

"-

Ans: IloioWroCOsrot ( ~ )
( 	 4 in "'2+1 

1t 'y 

( 	 21.64 240 

~- - d8<-	 l·di = -A· dt 
As 8 = 17 + (O.2) sin (rot + </l); 


E (21tr) =-1tr2(O.2)co , cos (rot + </l) 


E = ..,.. "2r (0.2)ro . cos (rot 
' 

+ </l) 
t 

Magnitude of the amplitude =-i (0.2) . ro =240 mN/C 

(; 
tomorrow 

C 

http:wUlbeinduceq,so'.as
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,~.. ~~"21.65 40 
. 	 .. .. d·· dB .... 

The induced.emfinloop ABHFG==·:dt.(BA);::A':-:T=2x 10= 20V 
 ,',.~ ,,' 

..' .. . ...:<: .;'. .. :.".\.. ':<......,..,. ';c, . (it 
,Th.e indu.c~d.emf ifllQQp B~Ott& OEFH 

. " "',' .'.',\' ";~"~ '"', .,:, ''}, :'.,' .. ,' ; '. ", ~' 'f 

. 10' 	

",' 

4 

= 1 x 10 = 10 volt· . K\,f i~ top I'~ft loopi~ • 

10 - (y - z)+ (x y) - 2y = 0 

::::::> x-4y+z= ~ 10 _.,., (1) ... >.~ 


..KVL in rigN loop :10 - 2x.- (x - y) (x - z) =0 . 20 	 ;,. 

·;;·-4x·+y z=:....'10"-····· (2) 

··.4···


"-----"'MBy equation (1) & (2) it is seen that x - y = 0 ::::::> no current in DH 

{This can also be seen by symmetry} 

This makes solution very simple now the circuit is , Bl20 

~F 
A I~ Gv+ 20 v --':20 v-O 


Assume VB = O. & vF = v, then -4- + -4- +--=0 20 4 

2 

4::::::> v = 0 ::::::> no curfent in FB 

circuit is :. 

:. rate of heat production = (40)2/8";' 200 watt. Ans. 

Note: If you are not able to observe the symmetry or decide 

x - y = 0 , then write kVL in the lower loop. 
 -c~

20It will be x + y - 6 z = - 20 - (3) 

Solving (1) , (2) and (3) you will get x = +5 , y = 5 • z = 5 A. Heat rate will be , 

10 x + 10 Y+ 20 z =40 x5= 200 W 


Method II

GtgDE 	 CDE 

=> 	 =>B H F J.l:A~GA G 	 A G 

28H = I2R = 
R 


where R = 2 x 4 x 1 = 8,0 and e = 4 x 10 = 40 


- 21.66 .140 
The magnetic field inside is only 9~eto current of inner cylinder. 

iB = t-to 
21tr 

MagnetiC field energy density is not uniform in the space in 

between cylinders. At distance. r from the centre 


B2 ·2t-tol u =--=-
s 2t-to 81t2r2 

Energy in volume of element (length .e) 

t-ti2 t-t i2.e dr 
dUB = us' dV = ~ . (21tr.e) dr = -4°. 

81t r 	 1t r 

2t-toi2.e 
b 
fdr t-toi .e b

U = fdUs = -- = -- .en 
B 41t r 41t a a 

Using values 

U = 140 nJ 


..... . .,..7 ..•.• ,.r
~e.~pnanc:e . 	 .'~' ',: ~~~" 
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- 22. 

'22.1 

C) 

() 

r 
\. 

, , ' 

( 

'- 22.2 

( 

( 
\ 

( 

( 

( 

( 

\ 

C 

(:22.3 

(: 

( 

( 
'-

f 
\.,-' 

l 

( 

( ' 

ALTERNATING-CURRENT . . ~ . ._'-I!!i\III-.,. 
(B) 
S = So sin cot 

If i = im sin (cot - <1» then Vc = C)6Tim sin (cot - cjI-n/2) 

and vL = (coL) im sin (cot - 4» + 1tI2). 
So Vc + vL + vR = So sin rot 
~ 0 + v = So sin rot ~- v ::: 8 sin cot -- 

R R 0 

1
roL-

Also tan'" = roC = 0 so i = im Sin cot 
'!' R ' 

~> 

, '/( 1 )2Hence answer is (B) z = ~ coL - roC +R2 = R 

(D) 

When capcitance is removed 

roL 
tan () = If or coL = 100 tan 600 ... {1 ) 

when inductance is removed 

1 

-or = 100 tan600 

...(2) , 
tan <I> = (roC)(R) "coC 

1 
From equation (1) & (2) roL = roC 

So it is condition of resonance. 

so _2 = R = 100 n 
I = viR = 200/100 = 2A 
Power P = 12 R = 4 x 100 = 400 W 

~ '" 

From the rating of the bulb I the resistance of the bulb.Canbe..dalcl;Jlated. 

,: '2 

R= Vtf/ls=100 n 
p C;:O'-:-:-_...J 

For the bulb to be operated at its rated value the rm~ current'through it shouid be l:A .'-

Vrms 
Also, lrms=z. 

201i' 
L= J3H .. 1 = ~lO02 + {2n50Lf n 

( 

~ 

l 

c 
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22.4 	.. (A)
;~;:A~rding to given problem, 

,~ -.. . 

I = V =--::-__V_-::-:-:-::


'" (1)Z [R2 +(1ICro)2]1/2 

I V 
and, 	 ...(2)2 [R2 + (;3/Cro)2]1/2 . . 

Substituting th~ value of I from Equation (1) in (2), . 


"(2 1) 2 9 .. 13 2 
4 R +C2ro 2 = R + C2ro 2 . I.e., C2ro2 = SR 

~.'" ...... • ,~, ,> 

3 R2 )112' 
(

So that 	 X (1/Cro) = S = (3 Ans. 

R R R '/5 


22.5 (C) 
i = 3 sin rot + 4 cos rot 

= ~ [; sin,M: cosrot] 

= 5 [sin (rot + 0)] .......... (1) 


T2 

fidt 
5 T 

=:> rms value = .J2 =:> mean value = i" 
fdt 

T1 

:. Initial value of time is not givennence the mearivalue wiUbe different for varipus time intervals. 
If voltage applied is V =Vm sinrot then i given by equation (1) indicates that it is ahead of V by 0 where 
o < 0 < 90 which indicates that the circuit contains R & C.. 

Hence (C). 


22.6 (A) .,........ 
 I· v =vo sin (rot + 1t/4) = vocos (rot- 1t/4) 
p .Since V lags current, an inductor can bring it in phase with current. -+s. V 

22.7 	 (B) 

V 200 V 200 
IR = -= -. =2A 1'==R 	 100 Xl-:Xc ' 10a 

I. 	 C (Xc =1000) 
¥=200=2A 	 1= Jlrt+I'2 :: 2.J2Amp. - ~ R 1000) l+· ~ 

r 

·t~._) 
22.8 (C) 

1 

The circuit will pav~ inqllqUye natur~!f())~ '.fLE (9)L> o)~J 

Hence A is false. Also if circuit has inductive nature the current will lag behind voltage. Hence 0 is also 
false. 

1 ( 1 ) : 	 .' 
If ro =' £c 	roL = roC the circuit will have resistance nature. Hence.B is false .. 

R 	 . . ·1 
Power factor co .. = J . . . 2 = 1 it roL'= roC' Hence C is true. 

R2 +(roL- ro~J'" 	 . 
better 
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"2.9 

(22.10' 

(j 

(' 

(

( 


\ 


,'.2.11 
\. 

f 
\. 

( 
\. 

( 

\, 


( 

( 

f
',,-, 

(.2.12 

(2.13 

c 
c 
f
\., . 

( 

( 

Ca.14 

( 

l 

C 
f 
\. 

c 

(e) 

XL = Xc at resonance 


Xc = 1. for both circuits 

(0) 

R ,IR 8, 4" , " , " ',' 
Since, cose = Z = IZ = 1() :::: 5: (Also cosS can never be greater than 1) 

Hence (e) is wrong. 
Also, Ixc > IXl => Xc > Xl' 

:. Current will be leading. 

In a lCR circuit 


v=~(VL-VC)2+VR2 = ~(6 12)2+82 

v = 10; which is less tha~"voltag~ drop across capacitor. 

(C) " , 

If we have all R,l and C then I vs.'E will be : 

To obtain a leading phase difference of nl4 : 

if Xl <: Xc and we use all R, land C in the circuit, 

then the resultant graph will be : , 


which can give a leading phase difference of nl4 : 
Similarly, if we have onlyresistance and capacitor then we can obtain 
a phase difference of 
nl4 (leading) for suitable values of I ,Xc and R. But we cannot obtain a 
leading phase difference of rt/4 ifwe use only capacitor (phase difference 
of nJ2) , or only (inductor and resistor) (phase difference of n/2) , or only 
resistor (phase difference orO). ' 

(A) z = =5 Ans. 

(e) 

Erms 130 
i1rm• ~x~ +R~ =13 =10A 

i2 = rm. = 13A 

Power dissipated = ifrmsR, + i~rmsR2 =102 x 5 + 132 x 6 

=power delivered by battery = 500 + 169 x 6 = 1514 watt 

(B) 
P =VI 
For secondary: 

500 
V2= 12 =12.5 =40 volts 

For an ideal transformer (1 00% efficient) 

=> V1 11 = V2I2 

_ V212 _ 40(12.5) _ '5 
=> I1 -

V1 
- 40x5 -2. A 

Pinput = P output 

n1 V1 5 
[-;"rl 2 => "12 =" 

IXc 

IR, 

E 

IXl 

I (Xc- XJ 

v 
IR)E 

i, 
II R, 

i2: R2 
o"\."'i"IIoo"\.'" 

'------1( ...... lr-----' 

V'_1.]
40 . 
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22.15 	 (BC) 
It is' apparant from the graph that emf attains its maximum value before ' the current does, therefore 
current lags behind emf in the circuit. Nature of the circuit is inductive. 
Value of power factor cosfincreases by either decreasing lincrea'sing:C. 

22.16 	 (A D) 
Since the circuit is at resonance so current in the circuit is in the phase with applied voltage. 
Voltage across inductor leads the current by 1tI2 and across a capacitor lags by 1tI2: So the voltage across 
resistance is lagging by 90° th~m the voltage across capacito[ ,. , 

22.17. 	 (ACD) 
V1 = V2 

1 
~ XL = Xc ~ f= 21t.JLC = 125 Hz 

Vo 200 
(,:x= 0:. Z:f: R) = 2A'Ia = If = 100 

V = V = I.(coL) = 2 x 21t x 125 x 2/1t = 1000 volt An~.1 2 = IXL 

22.18 	 (C) 

Statement-1 is true but Statement-2 is false 
Both A.C. and D.C. produce heat, which is proportional to square of the current. The reversal of 
direction of current in A.C. is immaterial so far as production ()f heat is concerned. 

22.19 	 (D) 

Statement 1 is false because the' given relation is true if all voltages are instantaneous. 

22.20 	 (D) 

In resonance condition when energy across capacitor is maximum, energy stored in inductor is zero, 
vice versa is also true. Hence statement 1 is false. 

22.21 	 (A) 

When current through inductor decreases, the magnetic energy stored in inductor decreases and this 
energy is absorbed by the ac source. 

22.22 	 (A) 
i::.' 

Let at an instant vR =(VR)msin (cot + a ) 

:.2= 4 sin (cot + a ) 


sin (cot + 0) = % 

V
cot + a = 30°. 	 L 

Since VLis 90° ahead ofVR 
vL =(VL)m sin (cot + 0 + 90 ) 
:. I (VJml = 3 cos 30° 

\:".,22.23 	 (B) 

From phasor diagram (Vs)m =~(VR)m 2 +(VL)m2 = 5 volt. 	
J. 

Vdm 	 3 
tan ~= V-) =4" :. ~ = 37° 

R m 

:. I Vs I = I (Vs)m sin (cot + a+ 3r)1 

= 5 / sin (30° + 3r)/ = 5 sin 67° 


I 

-lfResonanc:e 	 ".'PrA1',!!'i:!.ucati!l9 for better tomorrow 	 ~. !;["""',"',
-;~':;">~,\:~" " 
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,22.24 	 (D) , 
From phasor diagram it is clear that instantaneous v 

currenfwill decrease orincreases; we cannot say; 

22.25(C) 

(' , Current drawn is maximum at resonant angular frequency: Leq = 4 mH, qeq = 10 fJ.F 
\ 

Leq = 4 mHo Ceq = 10 fJ.F ' , 

1 

ill:::: JLC = 5000 rad/s 


(j 
22.26 	 (D) 


Ceq decreases thereby increasing resonant frequency. 


12.27 	 (Bl 


, 100
( At resonance irms = 100 =1A 


Power supplied =V I cos IjJ (1jJ = 0 at resonance IjJ =0 ) P = 100 W
rms rms 

(~.28 	 (B) 

(~ 1 	 1
\, 	 Average energy stored == 2 Li~s = 2 (2.4 X 10-3 H) ,(1 A)2= 1.2 mJ 

(~2.29 	 (D) 
As 1lJs time duration is very less than time period T at resonance, thermal e,nergy produced is not 

possible to calculate without information about start of the given time duration. 

('!2.30 (A) s ; (B) P. r. s ; (C) q. s, t ; (D) q. t 

i 
( (A) For sinusodial curve irms == 12 

T/4( 10 t )2 .2 Tl4 .2T, 	 TI4( 	
2 2 

ioI m 	 dt = (~)3 Jedt I;(8) .2 	 Ji dt 4 Ji dt 
=> 	 irms ==, ..J3( I = 0_ _ 0 = 

rms 	 T  T 4 4 4 

C Jidt _ %(io)(T12) _ io 

For positive half cycle average current == Jdt - (T12) - 2·


C 
Full cycle average currentis ~ero. 

C Jidt io(T/2). 
(C) For positive half cycle average current = Jdt T/2 ~Ior 

\ 

T1211/2C Ji2	 
,dt 

irms =f ~/2 = ioL 

(. 

L 
r 
'L ' 

Jidt 
(D) For full cycle average current = Jdt 

T/2

J2 dt 

. f 0Irms ,= --::ri2 

1/2 

=io 

+0 _~
~~..:..--- 2 

c 
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22.31 	 (A) q,r (8) p,t (e) p,r (D) q, t 

'" 11 roC '" 1t I" lb'" .. , ()a tan,!, = ~ ::::> '!' ='4 . current eads source vo tage ecalJse reactance IS capacitive 

(b) .Pure inductive circuit <p =1t/2 • current lags behind source voltage because reactance is inductive 
(c) as R = 0, tan <II =00 , 	 . ,'., , , 

<II =1ti2 , current leads source voltage because reactance is capacitive 

, roL 
(d) tan <II = R = 1 ::::> <II = * . current lags behind source voltage because reactance is 

inductive 
22.32 	 0 

t 
21t i 
ill 

JIm sinrotdt 1 ( 21t)-: 1-cosro-;
<i> = _0____ 

21t 	 = 21t = 0 

roro 

t-> 

It can be seen graphically that the area of i - t graph of one·cycle is zero. 
< i > in one cycle = O. 

22.33 	 10 

impedance of circuit = "~ R2 + (Xc -Xd2 

z =~ 82 + (8 2)2 = 100 

22.34 	 24 
The current leads in phase by (.: Xc > XL ) 

<II 	 = 37° 
tan~=Xc-x.. _3

0 -R--4:. i= 10 cos (10;1tt + 37 ) =cos(1001tt+3r) Xc-x..=6 

The instantaneous potential difference across A 8 is ' 
R=8 

=1m (Xc - XL) COS (1001tt +37° - 90°) 
=6 cos (100 1tt - 53°) 

The instantaneous potential difference across A 8 is half of source Voltage. 
::::> 6 cO's(1 00 1t t - 53°) = 5eos 1 001t t 

1 , 24 
solving we get cos 100 1tt =, ~1+(7/24)2 = 25 

24 24 
instantaneous potential difference = 5 )( '25 = 5 volts 

22.35 	 128 

Vrms= J16 2 +202 =25.6V= 1~8v 

22.36 	 3 

Tl4 11/2
Jt

2
dt' V~ 4V , 4~ 4~ 	 o 

o =V=T/04 t ::::> v=-:fr::::>Vrms=J<V2> =-:f .J<t>= / ~ 13Jdt 
oI

' 	 ,.:.~.:. ,' ~§§~Rpnc:e' 
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22~378 

I rV 200
IR = . = - =2A 

R ·100 a c(l<" = 1(00) 

200V - R I';ll%~: V=200( (1000) . L. (x.. = 200U)[g
x..-Xc ,.- V 200 =2 . , I'= =-=2A 

\. XL - Xc 100 

() I =~IR2 
+}'2 =2.fiAmp. 

~,.·.n",;" ,.,,~~~,~~ 

(12.38 200 

coL . 1/coC
tan 60 = - or tan 60 = -- .: coL = 11 coCR' R 


C Impendance of circuit =R 

. Current in the circuit 


Vr Vr 
Ir =Z="R=2 Amp. 


( 


Average power 
-
P = 2"1 

Volocos q, (ascos+= 1)( 

p = 200 x2 x 1 =400 watt. 

,22.39 3 
'. Lremoved 

cos 300 = 100 13 100n=> Xc= 13J1002 +X 2 2 
( Cremoved c
"

100 

( 

'- cos 60° = ~1 002 x X 2 2" => . XL =100 .J3 n 
l 

( ~= OJl 
\.. Xc co2 (LC) = 3 


roC
( 
1co=-_ro 300 10013 

( 
n JCc - 13 = 13 =10013 :. frequency = -.- Hz = resonant frequency . 21t . '. . 

\ 

( .• 22.40 1 


5 25 

Given ~ =0.8 => Z= - R => R2 + I X - X 12 = - R2( L c 164 

3 

( IXL-Xci =4"R 


1 
( S

. 
Ince co = 2 

1 
COo resonant frequency COo = JLCI 

( 2 
3 XL . Ol 1 

=> XC- XL=4R => Xc =.co
2 

LC = ( 0)0') = 4 
( 

X(1-..!.) =~R => Xc=RC c 4 4 

t 

f. 
'-

( 

'" 
C orrow 
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••!'•.....23. 	 MODERN PHYSICS 

23.1 	 (B) 

my 'A-4=> K- .A-4
We have Ka = my ~ma .Q a-A·a. => 48= A.50. => A= 100 

23.2 	 (A) 

1 
After first half hrs N= No 	 '2 

1 1 
for t = - to t = 1  N = (No ~) [ ~ r=Na (~r2 2 

1 111·'. . . . 
fort=1'2 tot=2hrs. [forbothAandB t1l2 = 112 + 1/4 =2+4=6 =>t112 =1/6hrs"·.) 

N=[NoW'] (~r=No G)' 
23.3 	 (B) 

A y By-4For <l - decay X ------? x-2 . + <l 

For 13 - - decay: xAY ------? X+1 BY + _113
0 

0For 13 + - decay: XAY--~X_1BY + +113

For k - capture: there will be no change in the number of protons. 

Hence, only case in which no of protons increases is 13- - decay 

Hence (8). 


23.4 	 (C) 

.' '.:', .... . h h 
Angular moinentui"n(mvr) = n. 21t = 21t . (n =1) 

23.5 	 (C) 
N =Noe-At Ny =No( 1 - e-iJ

} 

dN 
Rate of formation of 	 R = - =+ AN e-At X~y

dt 0 

At t =0 , R =ANa => t=oo,R=O 

23.6 	 (C) 
Energy releasee: (B.E. of product - BE of reactant) 


= (80 x 7 + 120 x 8 -200 x 6.5) = 220 MeV. 


23.7 	 (C) 

First excitation energy: RhC (1! 2~): RhC ! 
3 4V
"4 RhC=V e.v. => RhC= 3 e.v. 
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23.8 	 (0) . . . . . ...... . 
The electron ejected with maximum speed:\i~';;?a're stoppecFby"efe'blribflelcfE::i4NtC after travelling a 
distance d = 1m.,. 

1 
- mV 	 2 = eE d = 4eV/. 	

2 max . 

1240 	
, ~ 

The energy of incident photon = 200 =6.2 eV 
.' : ::: .~ ',~(. 

From equation of photo electric effect' 

() 1 
-2 mv 

max 
2=ho-.I.

'1'0 ~ .~, . +0 =6.2 - 4 =2.2 eV. 

23.9 	 (8) 
/ 

\. 

/ 	

h 
.~ ~; =~ ::::> K = qV is same for both pr~thn<andelectron ..A. = ~2mK 

\. 

23.10 	 (8) 

~__Q E
( ~~1 .~<~ ... 

~ 

/ Case- T 	 Case -II
"

In the first case K.E. of H-atom increases due to recoil whereas in the second case K.E. decreases due to 
( recoil but El + KE1 =E2 + KE;. 

E2 > E1 
\. 

( 

\ 
--e ~1 '8~2
/ 

~-I 	 ~-II 
I 

" 23.11 (A) 
/ 
\ 1 

Linear momentum ~ mva
n( 

angular momentum ~ mvr an 

:. product of linear moment':lm and angular momentum a ,no 


23.12 	 (C) ',." . . . .... . 
( Energy of photon is. given by mc2 now the maximum energy of photon is equal to the maximulJ'l,energy of 

electron =eV .. . i . •... 

('. ' 
eV .. 1.6x10-~9·x18,x10~.· '" 


hence. mc2 =ev =:> m =2= . 8 2 - 3.2 )( 1Q-32 kg

c (3x10 ) 

(Q3.13 (D) 

c 1 . [1 11Using -;;- = R(z -- 1)2 - ..2 ---2 
,.. n2 n1 

( 
For a particle; n = 2, n = 11 	 2 

t 1875R ( ~(3)For metal A' -- = R Z1 ,-1) - . => ., z1'=;26. , 4 	 4
C 

For·metal B; 675R =R(Z2 ~1~(~) => .' z2~31. 

C Therefore, 4 elements lie between A and B, i.e. with Z= 27. 28 ,29 , 30 

~eSQRaru=e,' '0' ."._..... , •.""'•• ,.•" .." ....,,,.. ", •• 
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23.15 

23.16 

23.17 

23.18 

23.19 

(D) 

For 2nd line of Balmer~~ir:e~,inhy.dr:ogenspecturrn 


..!. == R(1}(_1 _1) _1.. ,
A. 22 42 - 16,R, 

:}, 

, l' ( 1 1)' 3For U2+ . (ll'2+) - R(3}2 --- =-R
62" A. 122 16 

which is satisfied by only (D). 

(A) 

p2 hc 2hcme 
We have: K.E. = '2me =Amin' => P = il Amin 

h\ 
Alsoi A.de broglie = p 

for A.min = 10A: A.de broglie == 0.3A 

(D) 

Energy of nth sate in Hydrogen is same ,as energy,of3nth state in li++. 


" , 

3 ~ 1 transition in H would give same energy as the 3)(3 ~ 1)( 3 
transition in li++. 

(D) 

1 hc 4hc..!.m.f=hC_+ -mv·2=> =2 A. 2 (3A/4) -- += 31.. -+ 

Clearly v'> Ii v 

(B) 

yA yA + 
.,.. -- 2-1 + e + v 

1 
20. + z- X,A-8s

Given A-- 8 = 224 
& Z- 5 =89 => A = 237,Z = 94. 

(B) 

Power (watt) xEmission% 

no. of photoelectron emitted per second, n = Energy of 1 photon (jnJ) x 100 


~ 1.5x10-3 Wx(10-3 )xO.1 = 0.48 x10-6 1240nm/eV 
'(energy of 1 photon = 400nmx e Joule)1240(nm)(eV) 100 e 

-----'--.--!...!...........:... X e x 

4oo{nm) 


Photo cJ,lrrent =ne = 0.48 J.tA 

(A) 

1 3R 2 
for Ka ~ = 4(Z -1) transition is from n =2 to n =1 

a 

4 200 [578 
=> (Z -1) = i3R:

a 
= 3x1.1x107 x1.8x10-10 =TV33 =3 = 26. => Z =27 

' .,':','; '4,; "-
omorrow' ,": ','"

".'i;t;;flI >.; 

~e$onatnce 

23.20 
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(-;'3.21 ~ 	 . .. 
Am will increase to 3 Am due to decrease in the energyQf,bombarding electrons. Hen~no characteristic 
x-rayswill be visible, only continous X-ray will be produced, . 

i =.9.. Now T2 oc: r3 oc: n6 => i oc: 3' => T oc: n 3 i =H3 = (2)3 = 12 = 811c T 	 n 2 1 .. 

C~3.26 	 (BCD) 
ground state n =1 
first excited state n = 2 

e21( KE = -4- _. (z =1) 
1tEo 2r 

( 
10 

KE = 14.4x10- eV 

l 2r 

23.22 (D) 

(, 
. B ~ 

/.

•\ B = 

()3.23 (B) 
90% of sample left undecayed after time t 

9 
N =N 'e-A.I 

/.-	 10 0 0 

'" 
1 (10)( 	 Ii.= t In 9 (1) 

( 	 After time 2t, 

( _1[ln(10),121

\. N = No e-A.(21) =No e 1 9 J 


1n
( 	

N =Noe ( ~r= No (.!.)2 ' (2) 
( . .. 10 

19% of initial value will decay in time 2t. 
t' 

\,,3.24 	 (C) 
Let N2 be the number of atoms of X at time t =O. Then at t = ( 

\ .. 

No' 	 3No 
( 	 N =- N =

. x 4 y .4"-. 
:. N x IN 

y 
= 1/3 ' 

at t = 6 hrs (three half lives) 

No 	 7No( Nx =8 and Ny=S 

c Nx _ ~ 
l 

or Ny - 7 
,,

1 1 1c 	 The given ratio '4 lies between '3 and]. 

( '. 	 Therefore, t lies between 4 hrs and 6 hrs. 

23.25 (C) 
( 

1. 

e1101 and 1= T
2r 

·1Iloe 

2rT 	
.[r oc n2, T oc n3]=> B.oc n5 

·L 

;-'li' .,";" 

4 hrs (two half lives) 

i1 H~ (1)3 . . 

Now r =0.53 02 N (z =1) 

...... , 't 



. . 
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14.4x10-10 ,
(KE) =' , " .' ... lorN= 13.58 eV 

, 2xO.53x1O- .. ' 

. 14.4x10-10 


(KE)2 = 2 x 0.53x 10-10 x 4 ev = 3.39 ev 


KE decreases by = 10.2ev 

e2. -1 -14.4x10-10 

NowPE=-4. -= . ev
1tEo r r 

10
(PE), = -14.4 x 10- . _ 


0.53x10-10 ev--27.1 ev 


10
(PE) = -14.4x10

2 0.53 x 10-10 x4 = -6.7gev 

PE increases by = 20.4 ev 

Now Angular momentum; 


nh 
L=mvr= 

.'. 21t 

10-34 
h _ 6.6x = 1.05 x 1()-34J-sec.

L2-L1=21t - 6.28 

23.27 (ABC) N----~~-------

12400 

Amin. = -;;;-A m 
 kk 
12400 -19.9 keY l' Y L 
20,000 = .62 A ;:::;: 62·1pm 

. k 
Any transition to L will have energy less than or equal to 19·9 key ~ so S. 

23.28 (AS) 

dU Ke 2 

IFI= dr = 7' ...........(1 ) 


Ke 2 'mv2 

7--r- ........... (2) 


. nh
and mvr= -,- ........... (3) 
21t 
By (2) and (3) 

Ke241t2 m m 
r= 2 2 =K'2 ........... (4) 


h n . n 

1 '. 


Total energy = z (potential energy) 


ke2 6-Ke2 = _Ke2n 
= -3- = 3 

6Kim36r 6(:'~) 
Total energy ex: n6 

Total energy ex: m-3 

(A) and (B) are correct. 

.liQesonance ...~.
l~~cating for better tomorrow .•..•.. ,;.iifil!,;.••.'. 

--:-,,:;::;:~>:::,,-: 
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\ 23.29 (AB) 4In(n) 


rn= n2r1, ___ '_' ___ '". 


n 1trn2) ,(A.en .~ =.en,(1trl .= .en n = 4 .en (n)J 	 4 

In (A"/A,) 

( )23.30 	 (A) , , . ' 

Energy of photoeleCtron emitted is different because after absorbing the photon electrons within metals 

collide with other atom before being:ejectedout of metal.
() 
Hence statement 2 is correct explanation of statement 1.

,",
\ 23.31 	 (B) 

;  de-Broglie wavelength associateq ~ithg'~S molecul~s varies as ').. oc Jr.\ 

C 23.32 (A) '. .,'. " "'. ..' ., 
statement-1 is True, statemerit-2 is True;'Statement-2 is a cOirectexplanation for Stcitement-1 

( 23.33 	 (A) 

r' 
\ 	 Statement-2 is trueit:>y,defi~ition andcorrectiy 'explainslhe'staemEmt-1, namely; zxA undergoes 2 a. de

( 	 cays, 2P decaxs (negative p) and 2 y decays. As a result the daughter product is Z-2 yA-8 .,--, 

( 	 23.34 (B) 
In equilibrium, rate of decay = rate of production 

(, 23.35 (0) 
As Rate of decay = Rate of production' 

P 
=> P =')..N => N = 

').. 

( 	 _ Pt1/2 	 1015= 1.8 X- .en2 
( 23.36 	 (C) 

N = Pt1/2( 	 As .en2 
it is dependent on P and t • Initial no. of 56Mn nuclei will make no difference as in equilibrium rate ofc 	 1/2
production equals rate of decay. Large initial no. will only make equilibrium come sooner. 

( ,23.37' (0) 
For Balm~r series, n1 7='2, . nz = 3,4, ....... . 

,(lower) (higher}c 
In transition (VI}, Photon of Balmer series is absorbed. 

(: 23.38 	 (C) 

In transition II
( 

E2 = - 3.4 eV, E4 == - 0.85 eV 

~E = 2.55 eV 


C 
hc 	 hc 

~E= 
').. - => ').. = ~EC 

')..=487 nm. 

( 	 23.39 (O} 
Wavelength of radiation = 103 nm = 1030-A 

.. 
iC 

12400 

~E = 1030A ::: 12.0 eV 
c 

So difference of energy should be 12·.0 eV (approx} 
( Hence n = 1 . and n = 3 

1 	 2 
(-13.6)eV (-1.5·1 leV 

C Transition is V. 

f,-:~eSElRanc:e 	 ".c· "r.li..Educaling for better lomorrow 	 .', ' ' . 
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23.40 	 (A) p,r (B) p,t, t (C) q (D) s 

Consider two equation 


1 . 
2eV =-mv =hv-'" 	 .... (1) s 	 2 max '1'0 

no of photoelectrons ejected/sec; ex; no. of photons/second .... (2) 
(A) Asfrequericy is increased keeping intensity constant. 

IVsl wiUincrease, im(".~ax).wUl increa~e anc:J~aturatio~ current will remah1s same. 

(B) As frequel1cy is increased and intensity is decreased: .. 
1 	 ..'" '. '··o.-.'C· " . . . ,....•.,- ..•-~.--". 

IVsl will increase, 2m(v~ax) will increase a~d saturation current will decre~se. 
(C) It work function is increased photo emission may st~p. . 
(D) If intensity is increased and frequency'isdecreased.satOration current-Will increase. 

23.41 	 (A) q,r,s, (B) q,r,s (C) q,r,s (D) p,q,r,s 
(A) IrrtQ9givt'ln spoQumeous ra.dioactive pecay, the number of proton!? remain constant and aU conserVation 

principles are obeyed.' ". . '. . . ' 
(B) In fusion reaction of two hydrogen nuclei a proton is decreased as pOSitron shall be emitted,in the 

reaction.~11 thE:otbree qol1~ervatiqnprincipl.~s a~eol:>~,y~d,. .' .' '.' '." ..... .' 
(C) 	 In t~e giverifission reaction the number of protons remaincOnstliint and all conservation principles are 

obeyed. . , .. ".' .' ..... '.' ..... . 
(D) 	In beta negative decay, a neutron transforms into a proton within the nucleus andfheelectron is ejected 

out. 

23.42 	 (2) 

~ 

~~.;:J
5V 

KEmax = {5 - 4>} eV 

when these electrons are.accelerated through 5V, 

they will reach the anode with energy = (5 ..... tjl + 5)eV 


:: 10- 4> =8 
tjl=2eVAns. 

Current is less than saturation currentAns., . 
Because if slowest electron also reached the plate)t would have5eV'emergy af'tnE'lahOcle; but there it is 
given that the minimum energy is 6e.Y. . 

23.43 	 (100) 
Applying conservation of energy 


mAd + KA + mec2 + KB :: mcd +Kc + excitation energy 

(mA+ me"" mc) d + KA + Ka = ~ + excitation energy 

4.65+5+3=Kc+10 


or Kc :: 2.65 MeV Ans. 2.65 MeV 


23.44 	 (79) 
After 4 hrs. sample will contain 


30 gm .................. B 

12.5 gm .............. A 


146 x37 5)
( 150 . gm ......... A I 


146 . '. . 146 '.' .. .... '.' . 
:. Total mass:: 30 + 12.5 + 150 x 37.5 = 79 gm. =>:: 30 + 12.5 +1'50 x 37.5= 79gm. 

r~esdnance 	 - .' .: 
~Edueat!ngfor better tomorrow 	 . '. ,.')'?;';\~' 
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23,45 	 (700) 
Let t be theJlme required to raise to potential by 2V. Then num.pf:lrofl3'~parti9Iesem.:itted. ir)tsecond.js 
5 x 1010 1. Nowthe number of p-particles es~aping from sphere is 40% i.e., 2x 10tO 1. So, the charge ,, 
developed. 

0= (2 x 1010 t) (1.6 x 10-19) Coulomb = (3.2 x'10-9 t) Coulomb 

10-2 x2' .' 
But 	 0= (41tEo R)V::: 9x10gCouiomb 

c 
2
 

10- x2 ::: 3.2 x 10-9 t 
 or t::: 700 x 1 Q-6 sec. t = 700 Jlsec. (~ 9x109 . 

(23.46 (120) 

, " 23.47 (34) 

(23,46 to 23.4 7) 


f N14 + a -,+ 0 11.+ proton 

t. a value = (14.00307 + 4.00260-1.00783-16.99913) 931:5 =-1.20 MeV 

... ' 	 ". '., : ...... :: ,0' .. ...,' '. . .. 0. '.', . ' 1 
Let m and Mbe mass of a particle and nitrogen nucleus respectively and let minimum KEof a particle be 2 


( 2
mu . 

(, 
N14 + a -,+ 0 17 + proton 

/' 0::: (14.00307 + 4.00260 -1.00783 -16.99913) 931.5 =-1.20 MeV, 

From energy eq,uation 


~mu2 = 101 + minimum KE of system 
( 
I. .. 

1 mu 	 1 

J
 .. -mu2
[ 
2 

=> 2 (m ~MJ = IQI=101 + '2 (m + M)(m + M) 

( 1 (m +M)~, 

or' '2mu2 =101 .~. 
( 

1 ~ 1 m m2 (.)
( . 	 2 

~ KE of products = Z· (m + M) [ (m + M) ] = zmu m+ M = 10 1M 

4 

= 1.2 x '14 = 0.34 MeV. Ans. 


(- a value = -1·20 Mev, K· E·.- =0.34 M~v 
( : 23.48 (48) 

4800 Rch 
r 
'I.. 	

48 
maximum energy of emitted phot~n= 4~-oO' == 49 Rch 

c 
23,49 	 (6) 

Energy released if electron jumps from level n' to level 1 =;Rch .C; ~~2 ) . 

c 1 1)' 4a: -. "'- . 
Rch (12- n,2 ::: 49 Rch {,-,,' 
n' =7 then n excited· state =n' - 1 
n=6 

. 23.50 (600) 
Each atom can emit a maximum of 6 photons

C .: there are 100 atoms, maximum number of photons that can be emitted = 600. 

C"l~f2$QRaf1t:e 	 .•,~<Educabn!l for better tomorrow 	 ',' T, ,,'["','_ 

http:E�.-=0.34
http:ir)tsecond.js
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·24;·GEOMETRICALOPTICS· 

24.1 	 (~) 

6cmtA~i3cm 
. =.) Figure in self explanatory., 

d 1'67 om 

B p 

24.2 	 (C) 

I V 

0 	 u 
[ 	 . . 

If °and I are on same sides of PA .. 0 will be positive which implies v andu wHi be of opposite signs. 

I 
Similarly if°and. I are o~~pposite sides, 0 will be -ve which implies v and u will have same sign. 

If 0 is on PA, 1= (- :) (0) =.) I will also be on. P.A. 

24,3 	 (A) 

VIm = Vom (normal tcfplanemirror) 

=.) V1-Vm = - (Vo \1m ) 

VI Vsin8 = - (0 - V sin8) =.) VI = 2V sin8 

24.4 	 - (6) 
As AB is common and 01.8=,[31 
LlO,BAand LlBAI are congruent 
By symmetry AI is perpendicular to 01 to 02 

and L 01AB =L BAI 


:. BAI =450 


and L BAC = 90 0 

24.5 	 (C) 
By snell's law : 

sini f.l2 
-=
sinr f.l1 

pfor i =81, r = 84 and Jl1 = 1. 

sin81 

Jl2 = sin8

4 
• 


24.6 	 (A) 
As we know thaflight travels in a path such as to reach from one point to another in shortest possible. 
time, '. .' .. ' .... . . .' 

Therefore, the man must travel along th.at path on which light would have travelled in moving from P to 
Q ' 	 . 
By Snell's law; 


sini =& 

=.) 	 sin r = J:.:L . sin i 

sinr f.l1 	 . Jl2 

3 4 4 

sinr= 5'3 = 5 


y= ,.,, '\ x '~:D Q 

~~pnanc:e.:-. 
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:=) r = 530 


:. AQ = 10 Km. 

From P toA: 


t1 = 3.
5 

. 
From A to Q: 

t =10 =~ ( 
2 4 2 

5 5. 25' 

T =t1 + t2 = '3 + 2 = 6 hr. 


(
24 1) ( 1.) 	 ,= 6+6 	hr= 4hr +6hr = 4hr + 10 minutes An$.. 

24.7 (C) 

2 d2 ,~= xrel dxrel _ ~ 
Xrel = Il X => df- Il de => arel =J..t91 J..t 

24.8 (8) 
A = 90° - 8 


f r =A =90° -8 ;> 8c
2'" 
.6/5 4

( 	 case;> sin8c = 3/2 = 5" (8cis 'Cr!tical angle) 
B/ 

(' 	

4 e < ooS-1 -	 = 37°=> 5 
/ 
'( 

24.9, . (A) 

r2 < ec ; A - r1 < 8c
( A;> A- er1 c 


/' => sinr1 ;> sin(A - eel 

\, . 


sini 

( => - ;> sin (A- eel 


J..t 

( => sini ;> J..t (sinA cosec - sinec cosA) 

~. 8 


1 . 1 
= 	 = 1~-~-c. 	 Jf[~11-* /HJ 2 2 

( .. 1 
=> slm> 

2
( or i;> 300 . 

( 	 24.10 (A) 
Given i = 60° A = S = e 
S=i+e-A => S=i ( '.. e =A) ani:ft>='i= e 

L sif)'~A+8m )
(

- '. A Here angle of deviation is minimum (',' i =e)C J..t. - .. sin. . 
2 

600 +600 
) 


(
sin' 2 = J3 Ans.
J..t= . I __A'_\ 

c 

(
\.... 

c 
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24.11 	 (A) 
Using formula of spherical surface taking 'B' as object 

) '. ", 

_1l2 -111 
(R being the radius of the curved surface) 

00 (-2R) - ~R 

112 -Ill 
00 (-2R) = -R 

=> J::L =2 
112 

24.12 	 (D) 
For spherical surface 

using ~ _ ~ = n2 - n1 

v u R 


n 1 n-1 
=> --=

2R 00 R 

=> . n =2n-2 

=> n =2. 


24.13 	 (D) 
The image is erect hence,mirror must be between object & image. Virtual image o'f real object is 

diminished, hence mirr:orjs,convex. 

24.14 	 (D) 

3mg 3 2mg 2g 
Acceleration of block AB = 3m +m =4" 9 ; aCGeleration of block CD = 2m + m =3 
Acceleration of image in rt:lirror AS 

= 2 acceleration of mirror 


-39). -32. (-.-::: 9= .·4 2 

g

Acceleration of image in mirror CD = 2{23 ) = ~g . 


. . 	 . 4g (-"39) 17g
Acceleration Of the two image w. r. t. each other =3 - -2- =6" > 

24.15 	 (C) 
In the first case the distance travelled in the slab < distance travelled in the slab in the 2nd case. 

24.16 	 (A) 
Considering refraction at the curved surface, 

Radius of 

u = - 21 ..J3 ~2 = 1 

~1 = 3/2 R = + 20 
 ~~~mlt§J 

applying 1:1._.h = r.< r , 

V U R 
Object 

1 3/2 1-3/2
=>---=-- => v=-10 v -20 20 

i.e. 	 10 cm below the curved surface or 10 cm above the actual positio~ of flower. 



/Answers & Solutions (Section-! : Physics) £0 JEE (Advanced) - RRB (;Q 

24.17 (A) 

(nA1-f)R: .~ (nB1~1J~ or 
0.63 nB-1 
R= ~BA . 

orng=d.f 

24.18 (8) 
At first position of lens. let ttlE) ;~istanceof lens from object and screen be x and y respectively. 

-, ." ',', . ." ".', 

i," • 

(') 	
co:---n,-------n.:n.' ·-l~" 

1+- X - ...... --------.y --------->1 
. x + y =tOO 	 ........... (1) . . . '.' ..' . 


At second position of lens the distance of lens from object and screen shall be yand x 
respectively. 
y - x ::= 40 ..........• (2) 

solving equation (1) and (2). we get 

(
'-.. 

70 	 30 
Y =70cm='- m and x = 30 cm =-m 

( . 100 - 100 

The power of lensis. 


1 1· 	 1 100 (100) 100 .f = Y + x= 70 + 30 = 21 '" 5 diopters, 
" 

24.19 (A) 
/
\ 1 

V u f 
( 	 v/f 

f f 1 1 	 x
---=1 or ---=1 or y = 

/ 	 v u Y x x+1 
\ "- u/f

Hence, a virtual erect image by a diverging lens is represented ~y 
( 

24.20 (8) 
( 	 When mirror is rotated with anglliar speed 0), then 


the reflected ray rotates with angular speed 

2m {= 36 rad/s} 


h=10 cot 9 
('
" speed ofthe spot = I~ =I:t (10cote)1 

( 

2
( = /-10cosec e del = I ~2 X361 =1000m/s. 
. 	 dt (0.6) . 
{ . 


'l. 24.21 (D) 


Sin( A + °min ) 

Put A =8min and Il =J2 =:> The relationll = . (!' and solve forA 
(
\.... Sin 

2 
. 24.22 (e) 

Let y-axis be vertically upwards and x-axis be horizontal. 

Vy(real) v 

C Vy (app.) = (;) 

('"', Vx (app.) =Vx (real) 

_ Vy(app) =~tanf}= ix~ = 1 

tan ~ - V (app) 3 3 4 


.,..... x 	 • 
' . . [C7esenanc:e 	 '.; ".. '1,'. !.,C· .~"atinafor better tomom>w 	 '.. ,.;;;" ,';i', _ 
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24.23 	 (A) 

Use refraction formulae sepera.tE¥lIy that is for air and I! =1.6 and for air and Il =2.0 and find the 

positions of the two images. 

24.24 	 (D) 

Dispersion will not oc~ur for alightof singl~~ave 'Iengtti 1.=4000 A. 

24.25 	 (0) 

This question shQuld be solved by direc~y substituting the options 

If x = f. Y= fther; final image will be formedas'sh6wn.' 

For option Band C the position of image will be different. 
y=f 

'0 

, x=f 

When x =2f, Y= 2f. the lens makes image I' of object 0 on the ' 

surface of mirror as shown in the figure. Mirror shall make of im

age of I' over I' itself. Hence lens shall make image of I' at the 

position of O. (which 

is I) 

10, I 
I' y=2f x=2f 

-ro' 

24.26 	 (C) 

v 
v = - 30, m = - - =.... 2 :. A'B' = C'D' =2 x 1 = 2 mm 

u 

2B'C' 	 A'D' v ,
Now -- =-'- = -

u2 = 4 :::) B'C' = ND' =4 mm
BC' AD' 

length == 2 + 2 + 4 + 4 =12mm Ans. 
24.27 	 (C) 

• I'. •• +x • 13 • .,+X
I 

0 

-d~d.~' +--d+A-Ld+A

(i) 	 (ii) 

from figure (i) & (ii) it is clear that if the mirror moves distance '/\ then the image moves a distance '21\. 

24.28 	 (C) 

for M1 : V = - 60 .-m1 =-2 
for M2 : u =+ 21. f = 10 

1 1 1 

V + 20 = 10 :=) V =2 0 


20 
M =-- =-1 

2 20 

M =M x M= +2],1 2 

,";'.•.~,.,:,." 
. -, ::·f:S.i~·-'- .~! 
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24.29 	 (A) 

111 

By mirror formula: v-+ -10= 10 =:> v=+ 5 cm 


1
m=+2" 

,"
" the image revolves in circle of radius ~ em. Image of a radius is erect =:> Image will revolve in the same 
c' 

direction as the particle. The image will complete one revolution in the same time 2s. 
c) 1t 	 . , . .. 21t 1 

velocity of Image v =(j) r = 2 x = 2 cmls = 1.57 cmls Ans.
2( 

24.30 	 (B) 

Cutting a lens in transverse direction doubles their focal length i.e. 2f. 


1 1 	 1 1 1( 	 -=-+-+-+Using the formula ofequivalent focal length . 
f f" 	 f2 f3 f4 

',' f 
We get equivalent focalleflgth as 2 • 

( 
24.31 (C) 

( (Moderate) Draw an incident ray along the top side of
" rectangular strip,which happens to be parallel to the 
( principal axis. After reflection this ray passes through 

focus. Hence image of all points (for e.g. °1, 02' 03' 
( 
... on top side of the strip lie on this reflected ray • n •••• ) 

, (at 11, 12 , 13 , ...•... ) in between focus and centre of 
!. ... curvature. Thus the image of this strip is a triangle as 

shown in figure 
( 

f4.32 	 (A) 
( 
\.. 

For refraction at glass-air interface, ray passing through point Q, 
t 
\... sinr 1 1 

=:> sinr = 1.5sin90 -	 1.5('
\. ~ 

For refraction at water-glass interface, ray passing through point P, 

sinS 	 1.5 3 
=> 	 sillS = '4slnr 	 4/3c 

( ,24.33 (AC) 
For convex mirror 

( Iml < 1 for any real object 
2Now, Vlmage =- m V object 

L , =:> IVlmage I < IVobject I?'ways. 

,24.34 	 (Ae) 
(Tough) The image of a point closer to the focus will be farther. As the transverse magnification otB will be, 
more than A, the image of AB will be inclined to the optical axis. ' 

L 24.35 (ABCD) 

c. 	 /) 

c 

I ____ 	 •. , ••-.----'--~'~ 
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24.36 	 (ABC) 

[Moderate] S =j + e - A (for minimum derivation i =e) 

:. minimum deviation =2i-A 

60 = 2 x 60 - A :::;> .: A =60° 


$in(A~Sm ) sin (_6_0_;_6_0) 

= n = . sin (A)2" sin(~) =J3 
S1 = i1 + e-A 


65° =i1 + 70° - 60° or i1 =55° 

S versus i curve is not parabolic 


24.37 	 (ACO) 

o 

(A) (C) 

I 
(D) Image is inverted :::;> It should be real 

24.38 	 (C) 
The index of refraction for light at the red end of the visible spectrum is lesser than at the violet 
end. Hence statement -2 is false . 

24.39 	 (0) 
Statement-2 is correc:;t explanation of statement-1. 

24.40 	 (D) 
From symmetry the ray shall not suffer TIR at second interface, because the angle of incidence at first 
interface equals to angle of emergence at second interface. Hence statement 1 is false 

24.41 	 (D) . 
If the mirror is sniftedparallel to itself such that the velocity of the mirror is parallel to its surface, the image 
shall not shift. Hence statement 1 is false. 

24.42 	 (D) 

1 1 	 1 

I v u 

Here v =2.5 (Distance of Retina as position of image is fixed) 


u=-x 


1 1 1 	 1 1 1 
.. , --=-+=-+- For f. : x IS minimum I. 25 25J 2.5 x min 	 min . 

24.43 	 (B) 

1 1 1 
For fmax : x is maximum Imax = 2.5+-;:;;

24.44 	 (B) 
For near sighted man lens should make the image of the object with in 100 cm range 
For lens u = .:.... 00 V = - 100 

1 	 1 1 
.---=-----

liens -100 -00 


24.45 	 (D) 
From passage, (D) is correct. 

....tomorrow 
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24.46(0) 
From points (2) and (3) of passage: 

. J and f' must be Ofopposite sign . 
. .. Also IDc < IDo and Ie < 10 

which i~ satisfied only by (Dt . 

24.47 (8) 

ID1 ID2-+
f1 f2 =0 

.ID1 fo _=..,...1. .. 1 	 .' .... .... (1)~ ID2 f= - ©1 .. ~ .. "' .,. .... ,.,. .. ~"..'~' ." "''''''' 
2 2 

1 1 1 1 
-=-+- - ~ 	 ................. (2} 
F f1 f2 - 40 

After solving (1) & (2) 

fl =20cm ~ f2 =-40 cm. 


24.48 (8)( 

(' 	 !!2 = ~+(!!Z-!!1) 
V u 	 R 

( 	 (!!2 - Ill) is +ve and Ris - ve if u is -ve, v will always be -ve 
\. 

i.e. for real object image is always. virtual. 

24.49 (D) 

24.50 (0) 

48. to 50. 
( 	 Consider a object on left side of spherical surfaceseperating two media. 


If real object is in rarer media i.e., n
1 

< n
2


(". 	 . n2 ' "1 nn2 :- n1 
1 n2Then v = (-:'U) + (_R)=-ve

( O:&-___--r
Hence image shall be.virtual for a real object lying 


C· on concave side with rarer media. .......~( I) u
I... 

Iheal object is in denser media i.e., n

1 
> n2 
c 	 n2 _ -(n1 -n2 ) n1 n1 -nZ n1-- +-- = -. 

V (-u) (-R) u RC',' 
:. Jmageis real if n1 ..;..n2 ""1' '.' (n1 -n2 )R 

. . . • i 	 . > - or u < -----!::.!.- ........ (2)
C 	 -. R . n1 

a~d image is virtual if u > (n1 ~1n2) R ......... (3) 

( 


" From statements 1. 2 and 3 we can easily conclude the answers. 


C 24.51 (A) 5, (8) p, (C) 5, (D) q 


C VA l+~it =1+(21-+ ])(2) =51 +2J 

VA' =-5j+~j ~ VA',A = VA' -VA =-101C 
Va =(-1+3]), va' :::1+31 sova',a =21C 

dvyC For particle C 7= 2t ~ vy-6 = t2. => v .=6 + 4 = to y 

C 
Ve =51 +10}, vc' -51 +10J so vC',c =-101~. vD =31 - J ' VD':;: ~3i -1. VD',D ::::.-:-61. 

C 

C 
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24.52 	 (A) p,r (8) q, r (C) q, r (D) q, r 

Initially the image is formed at infinity. 

(A) 	As Il is increased the focal length decreases. Hence the object is ata distance larger than foeal 

length. Therefore final image is real. Also final image becomes sm~lIecis ,size'inc6l11parision to 
. size of image before the change was maqe. ' 

(Br If the radius of curvature is doubled, the focal length decreases. Hence the object is at a distance 
lesser than foeallength. Therefore final image is virtual. Also final image becomes smaller is size in 
cqmparision to size of image before the change was made. 

(C) 	Due to insertion of slab the effective object for lens shifts right wards. Hence final image is virtual. 
Also final image becomes smaller ,is size in comparision to size of image before the change was 
made. 

(D) 	The object comes to centre of curvature of right spherical surface as a result. Hence the final 
image is virtual. Also final image becomes smaller is size in comparision to size of image before the 
change was made. ' 

'24.53 	 (A) r, (8) s (C) q (D) q 
Image by convex mirror is always virtual. erect and diminished. 
In ease of concave mirror, see using position of object. 

24.54 	 (A) p, (8) r, (C) q, (D) s 

sini
lay snell law n =-. 

Sin r 

Since for 1st case angular incidence is same for all ray. So r will be less for red. 

24.55 	 (A) P. r (8) q, s (C) q,r (D) P. s 
(A) 	For plane incident wave fronts a divergent refracted beam can be formed only by diverging action 

and convergent reflected beam can be formed by converging action. Hence (A) p, r 
(B) 	For plane incident wave fronts a convergent refracted beam can be formed only by converging 

action and divergent reflected beam can be formed by diverging action. Hence (8) q. s 
(C) For a incident divergent ~eam a parallel Tefleetedor refracted beam can be formed only by 
converging action. Hence (C) q; r 
(D) 	For a incident convergent beam a parallel reflected of refracted beam can be formed only by 

diverging action.Hence (D) q, r 

24.56 	 (A) p, q (8) p, q (C) r, s (O) r, S 

For a spherical mirror, line joining object and itSimage crosses principal axis at centre of curvature. The line 
joining object and image inverted about principal axis cuts the principal axis at the pole. Then from figure
below. ,. , 	 .~. 

objectobject 
..0 o :mirror-i*..,. ..mirror .....:>~ 

'<~:"" I''. 	 . . , 
". "f. 	I image ~ ... ~ ~""'''. ~ .. 	 .. ...

".' .,. 	 .• C .p
"'i '" .. 	 1, '" ' .. , 

P-axis 	 " P :'... 	 C' P-axis 
'. I: "I' image 

We can conclude 
(A) If object and image are on same side of principal axis, they are on opposite side of mirror. 
(B) If object and image are on opposite side of principal axis, they are on sal'\1e side of mirror. 

For a lens, the line joining object and image cuts the principal axis atoptieal centre. 

Then from figures below. . 
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. 

P-axis 

:!ens 

,, 	

o : lens 

P-axis 

. 

I 

We can conclude 	 .'. .'.' .;<, . i ,; . 

(C) If object and image are on same side of principal axis, they are also on same side of lens.'o (D) If object and image are on opposite side of principal axis. They are also.on oppositesio~ otlel1!)' 

24.57 (40) 

-- 40 em 

•o(' 
\., 

" • 

p'x 

M2 M, 


For m1, u = - 10, f = - 15" h =2.
C 
/ . . f I 1 1 1 ~+_1_ _1_ 
\. Using mirror ormu a -+- = - ::::? v -10 = -15 

v u. f 

\ 
I 

1 1 1 3-2 	 h v = v =30 em & -..£. =-""" :::;> h2 =6 cm::::? -;; =10-15 = 30 
/ 	 h1 U 
:< 

,. 
" 

f 
\., 

,. 
\. 

(' 

\.. 
The image formed by the plane mirror is at 70 below the principal axis & 70 + 6 - 30 =46 of the concave 
mirror.C 

coordinates of 12 w.r.t. P = (- 46, - 70) Ans. ] 

( 


24.58 (10) ;,.-, 

( Y air 	 Slab of.variable 

refractive index 


(,' '. 

'" 
( 

1-- • x· 

By snell's law. 

1 x sin 3Qo =... ................. = ................. = n sini 
c 

where n is R.I. at yand i is angle of incidence at y. 

c 	 dy r.: 
tan (90- i)= dx = ax= 4v.Y 

cot i =45' ::;' 4/i =:2-12 , . 

( " 1 	 sin~O° _ 1/2=1.5 Ans.' 
::::? sin 1= n = sini -1/3. 3 

6 

of ... 

( ~.~e5mnance 	 )...•. 
./ 0< .!t~.i~,9l?atin9 f<!rbelter tomorrow 	 . " ~i~?>i'; " 

"·~'~'·""'".......-<;.;$'';'~',o·_,.-_~~<,.-~._''' c, 	 , .•,' , .. 
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24.59 (26) 

e 
A '0 

I; . 
u,'"15cm' v,=3Ocm 

- - - - -.:!.:.::~ : : :::: :::: .:.:'. 

o . ~ ~,_m
15cm< .' . ~B 

. 
45cm - ~ 1. -45:;:~ -- --~ .... ---- ..v 

11 is t~etl1Jage of qbJect 0 formed by the lens. , 

"'.'" t,.. . t ... " , .. " .." .. ',"""",....., "".".., ,0',,,, = u1 = - 15 f1 =10 
V1 u1 f " 


Solving we get . 

Vi =30 cm 

11 acts assource for mirror 

:. u2 =-(45 - Vi) =-15 em 

12 is the il1}~ge formed by the mirror 

1 1 1 1 1
v = f - u =-10 -15 :. v2=-30cm

2 m .2 

The height of 12 above principal axis of lens is =~: x 1 + 1 =3cm 

12 acts a source for lens :. u3 =- (45 - v2) =- 15 cm 
Hence the lens forms an image 13 at a distance V3 =30 em to the left of lens and the image of 

v 3
13, -u x 3;:: 6cm below the principalexis of lens. 

3 ' 

The height of 12 above principal ax~s of lens is = :: x 1 + 1 = 3cm 

required distance =J302 + 62 =6 J26 cm 

24.60 (91) 
-0 

E ,)0 

At t = 0.2 sec. velocity of lens Lens 

62 emVt =9t =2m/s (downwards) 

:. forlensthe fish appears to approach 

" ('13) 
 11with a speed of2 + .IX 4 = 4" mls 

t =0.2s 

" [ 24] . 
Lens 1v,

at a dl<laneO of =60 em. 42cm42 +(i) 
{ 

n =~ 
3 

-60 x 90 

image of fish from lens, V = -60 + 90 =-180 cm. 


2 
V )dU. (-180)2 11 99 ' 

Velocity of image w.r.t. lens Vi = [ ~ dt = . -~O . x 4" = 4"" mls 

. . .' 99 91 
velOCity of Image w.r.t observer =VI ~2 :;: 4"" - 2 ='"4 mls =22.75 cm/s (upwards) 

~~~. 
," ~"" 

;y;> t = 0.25 
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25. 	 WAVE qPTICS ..:."" 
.!t 22 

25.1 	 (8) 'locN .. =12 32 = 4/9 

.!t 1
I oc N 12 =:> I =

2 9 
2 

25.2 	 (8) COS'""1 ..J14 •••••""y c- aXis'(I.SJ:)· "'6~ 
-".,.,.. .' 

.,...,..x + 2y + 3z = c represents a plane. ..
I\. ' 
i1 

. 
(direction of light) 

.Now angle a is given by : 

• ~ b n. J ' . 

cosS = Inil] I = ~a2 +b2 + c2 


=:> a = cos-1 (}.) 


where n=ai+bl+ck =1+21+3k. 


25.3 	 (8) 

(.[r; +.JI;) - (.[r; - .{I;)Imax -Imin 

Imax +Imin (Ji1 +Ji2) + (.{I;-.{I;) 

(1+~r -(1-~r11 	 (1 +2)2 - (1- 2)2 8 4 
- - x-11 	 = (1+2)2 +(1-2)2 =10="5 

(1+~r +~~r 
25.4 	 (D) 

in cases I, II, III, IV the path differences are respectively 

A A 3A 

2,A'4 and 4 


=:> 	 phase differences are respectively 
1t, 21t, 1tf2, 31tf2 

and 	 1=10 cos2 (1) 
the intensity in the four cases are 

10 10 .
0, 10, 2"' 2" respetlvely. 

,:;"",><~"'-<4" 	 .

(; ~~eSClnaf1c:e 	 " " v,.'-J, ': . ':~ '. '1II"t;!lJl~tjIi9fot better tomorrow 	 ' '. :;:\\'{'> . 
. ':,,,:._,;,,,\r,:', 

http:c-aXis'(I.SJ
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25.5',(A) 
"There are three anda half fringes from first maximato fifth minima as snown> T-11-'- 

7mm 

7mm 1-11-
=> ~ = -- =2mm3.5 

pO 
=> 	 A = d =600 nm. 

25.6 	 (e) 
(8) For 100th max. 

d sin e= 100 A 


100x 5000 x 10-9 ='5 x 10-4 1 

sin e= =0.5 =2
1x 10-3 10-3 

1 

y= 0 tan e = 1 x tan 30 
 =../3 

25.7 	 (A) 
In A S,PO: 

e d/2
tan - =

2 0 s,~I:.~ __
As D»d 

d/2 _l!~l:.:;'::>1 P o is very small. 

o 0 e d 	 ~r==~-----
=> tan- ~- => 2=2D2 2 

D 1 	 AD A 
=-==> d = a=> Fringe width 

d 0 
Ans. 

25.8 	 (8) 
Say 'n' fringes are present in the region shown by 'y' 

n.W 

=> y= n~ = -d

y 0 	 ------ '<:~.J.:~;{l.06o;, , i' D·.:.--------~rE---D "" tan (0.06°) "" .06 x 1t _ nA.=> 	 •••••• y180 -(1 ~ ......... . - ! 

....~...."'...... • 1. 

103 	 ........................
n= 	 x1t 1t=> 180 xO.06 =3' > 1. 

Hence; only one maxima above and below point O. So total 3 bright spots will be present (including point '0' 
i.e. the central maxima). 

25.9 	 (C) 

A 	 1t 
At path difference 6 • phase difference is "3 

1t 

I = 10 + Ie+ 210 cos 3 =3 10 ~ax=4Ia 


310 

So the required ratio is 410 =0.75 


~~ tnrnnrrnw . 

.~{;'~';~!J;';~' 
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25.10 

r 
\ 

n 

25.11
,"
\ 

C 
(. 

\. 25.12 

( 

( 
25.13 

r 
"

( 

I 
\ 

(. 
'

c 
c 
c 
( 

( 

C 
25.14L 

( 

C 

L 
{,-. 

{ 
'i..

C Ih~n~nw 

(A) 

21t ...... -...... -------.-.. 

n1"'1 (n3 - n2) t 


light wavelength in medium n1 

=> Wavelength in vaccum = Ao =n1A1 ." 

The path difference between the lights waves reaching point 0= (n

travelled compared to the path from S2' . . 


2n 21t 
Corresponding phase difference = ~ (path difference) =~ (n3 2o 	 1"'1 . . 

(C) 
Here path difference will be : 

21t 
Ax =(112 - Ill) t => 8 =T (112 -1l1)t Hence (C) 

(D) 

we know that P will be the ce.ntral maxima 

(at which path difference is zero) 


d d d
Now OP = --=

2 3 6 

(8) 

When light passes through a ITJedium of refractive index '11. the optical path it travelsis(1l t). 

Therefore, before reaching 0 light through SI travels (Ill + b) distance while that through S2 travels a distance 

(1 + b) 

i.e. : path difference = (Ill + b) - (1 + b) = (1l-1) 1. 

For a small element 'dx' path difference AX ={(1 + ax) - 1] dx =ax dx 

Forthe whole length; 

t 	 at2 

AX = 	Jaxdx:= 2 
o 

For a minima to be at '0'. 

A 
AX =(2n + 1) 

2 

. ae2 A 
I.e. : 2 = (2n +. 1) '2' 
For minimum 'a'; 	n =0 

ae2 A A 
=> 	 -=- => a = f.2 Ans.

2 	 2 

(D) 

Shift of fringe pattern = (Il- 1) dto 

300 (4800x10-10 
) = 06) D 

d (. t d 


30 x 4800 x 10-10 =0.6 t 


5 
t =30 x 4800 x 10-10 

1.44 x 10- = 24 x 1~ 
0.6 = 0.6 

.• 

n I '... 
.,.~--~--...--....l~ .n•..·... . 

is =AI 

Il 'aX .-.", . ~'O 

SI
2 . 

.,J 	 •. ',' " '. ' 0 

• "t 
" A., '" I~' 

-n2) t =extra p~th.whicl1 the light from S13
, 	 ' 

-n ) t 



) 
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25.15 	 (C) 
:. Lets take any general point S on the line AB. IB 

25.16 

25.17. 

25.18 

25.19 

25.20 

. Clearly: for any position of S onlineAB; '!'Ie have for A POS:
''-'''' I"' .Pt" I·,

POi- OS > PS. {in any triangle sum of2 sides is more then the third side} '. I· . 
~. . .' 	 ~" T R (mid point)

::;::; PS-OS < 31... 	 . .. ..' ",I, . " , 
Q. ';"'-'"~"""""LS ,'. ' AS PS- OS represents the path difference at any point on ": I .' 

. AB::::>icah neveV~more than 3i. Now nilnlnias occur at. I 

Al 
A. 31..51.. 
2'2'2 only. 

-- '~-_~~j __ ~' ...v'~'\. t\ •.-".~. ". ~- -.__ ~ ~." ~~ '''' ..,"" ...·~•.;...~~r • v-'.".> -, 

s03 minimas below R (mid point ofAB) and 3 also above R. . 

(B) s,' . 

The 2 sources are. 


As 0 is a maxima. Hence OP = p. 


d AD 
 2 
::::> -=-. get 1..= 3d 2d '.2 (3d)' 2D L· .... . s, 

(B) 
Ray N undergoes reflection at surface II with phase change of 1t 

::::> n >n3 2 

Ray 0 undergoes aphase-change oh at II; but there is no phase change when it is reflected·from surface I. 

(B) 
Eq. of path diff, for maxima in tansmissiori (or weak reflection); 

AP =2n L = Avacuum 3Avacuum 
opt 	 2 2 --2 

An12(n2) L =~ 31..::::> n . 2' 2' ...... ::::> L = 4n . 
1 2 

(notice that A = wavelength in medium is related to Avacuum as, Avacuum = n1A ) 

(B) 

Constructive interference happens when 2t = (m -1/2)1... Theminimum value of m is m = 1;the maximum 


2t 1 2xO.034x10-3 1 
value is the integer portion of T +"2 = . 680 x 10-9 +"2 = 100.5 

mmax= 100 

(AC). 

Path difference -: ,Jr:J2 + d2 - D= fcm 

2 1..= 2(1)Also: [ ~D2 +d _ DJ= (2n - 1) ~ ::::> 
2n :-1 

For n =1.2,3 ............ .. 

2 2 
A = 2cm. "3 cm. 5 cm.............. . 
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, 25.21 (ACO) 

A.O>01m.. =(.[I;+..[I;)' {Ii +JH < 41 => 1= (.JI_ 'l/"2fI)2,: => !}= dmIn 

(' becuase AO.d. are unchanged so ~ also remain unchanged. ' 
\ 

( ,25.22 	 (AC) 

As d « 0, ' => path difference = d sinO (at 0) = 1rnm x sin 30° =0.5 mm 

if it is a maxima, => 10-3 x 0.5 =(5000 x 10-10 )m x (n)
() 
n must be integer. get n =1000. 


\ 
( Hence 0 is a maxima of intenSity 410 


( 

5, 
( 
\ 

Now 

Now path difference at a =d sinO only as, '" as2• 


r 
\ 	 d sin e=1 x 1/2 =0.5 mm 


=integer multiple of A . Hence maxima. 


( 25.23 	 (D) 
\ 

If maximum intensity is observed at Pthen for maximum intensity to be also observed at a, S1 and S2 
, must have phase difference of 2mn (where m is an integer). ' , 

25.24 (D)( 
Statement 1 is false because constructive interference can be obtained if phase difference of sources 

C . 	 is 21t, 41t . 6n. etc. 

( . 25.25 (0) 

. Wave fronts are spherical in shape of radius ct. Hence (D). 


f 

~ .. 25.26 	 (C) 
': .. 

( 

(
'I. 

( 

The wave fronts are al~ays perpendicular to the light rays.' Hence, (e). 
C' 

25.27 (8)
L Using sneU'slaw ; 

C sin(450) =.J2 
sinr 1(

"-... 

. 1( => slnr = - => r =300 
'- ' 2 
I' 
1,._ Hence, (8) is correct. Note: The shown lines are wavefronts and not rays. 

C 
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25.28 	 (A) 
After reflection by mirror the parallel rays concentrate at the focus. 


".""".""" .. 


~ "" f 

Hence the plane wave front becomes spherical concentrated at the focus. Hence, (A). 

25,29 (A) 

2 1 sini 
In A ABC ; sin (i) = d In A xyz; sin (r) = d => sin r = 2 = P. • 

B" 

25.30 	 (O) 
Order of the fringe can be counted on either side of the central maximum. For example fringe no: 3 is first 
order bright fringe. 

25.31 	 (e) 
" Since, 2nd fringe represent central bright fringe hence; 4lhfringe results from a phase difference of41t between 

the light waves incidenting from two slits. 

25.32 	 (B) 

A. 	 A. 
AXc =A. ; A XA ="2 => A Xc - A XA = 2 =300 nm . 

25.33 	 (A) r, (B) r, (C) s, (D) P 
By using (I-' - 1)t =nA. , we can find value of n, that is order of the fringe produced at P, if that particular 
strip has been placed over any of the slit. If two strips are used in conjuction (over each other). path 
difference due to each is added to get net path difference created. If two strips are used overdiffer~nt 
slits. their path differences are subtracted to get net path difference. 

(1-'1 -1) t1 50 

Now. n1 = A. "= 5 --I---4B 


40 

n2 =4.5 ---t--;o 38 


and 	 n3 = 0.5 
20For (a), order of the fringe is 4.5 i.e. 5th dark. 
-18 
:10 . 
-" CBfor (b), net order is 5 - 0.5 = 4.5 
10 

Le. fifth dark. -1---1B 

20 


-+--- 28 
for (c) net order is 5- (0.5 + 4.5) =0 	 30 

-1---3BLe. it is central bright again at P. 

for (d) net order is (5 + 0.5) - (4.5) =1 

Le. first bright 


~2B 
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25.34 	 (A) q,r,s (8) p,q,r,s, t (e) q,r;s (D) p,q,r,s 

Initially at a distance x from central maxima on screen is 

21tX Of. 
I =10 + ~Io + 2.JI;~4 10 cos -13- . where 13 =d 

/
\ 

" Imax =910 and lmin = 10 
1 . 

c' 

\.. 
(A) At pOints where intensity is 9th of maximum intensity, minima is formed 

() Distance between such points is 13, 213. 313. 413•. , .. , 

(8) At pOints where intensity is ~ th of maximum intensity, cos 
2 

; = -i or x = ~. 

" 

(' 	 Distance between such pOints is ~, 2:,13,13 + ~, 13 + ~. 213•..... 
\. 

( 	 21tx -~(e) cOST =0 orx- 4' 
( 

( 	 Distance between such pOints is t. 13. 13 + t, 213,····. 

( 
21tx 	 1 13 

/ 
(D) cosT = 2 or x =6' 

\. 

, 
~ . , 	 '. . 13 213 13 213· .. 	 Distance between such POints IS 3' 3.13. 13 + 3' 13 + 3' 213.··· .. 
f 
\. 25.35 (A) p.r (8) p,S (e) q,s (D) s,t 
( (A) When d =99.4 f., 398 pOints of maximum intensity are formed on periphery of circle and 
" 396points of minimum intensity are formed on periphery of circle 
( (8) When d =99.6 A, 398 points of maximum iritehsityate forrl1~d 'onperiphery ofcircle and 400 

pOints of minimum intensity are formed on periphery of circle 
C (e) 	 When d =100 A, 400 points of maximum intensity are formed on periphery of circle and 400 

points of minimum intensity are formed on periphery of cir91eC 
(D) 	 When d = 100.4 A,402 points of maximum inten~ityarelQrmedon periphery of circle and 

C. 	 400 points of minimum intensityaref~rnied()n'pedphery ot"Clr:CiEi" ' 

( 25.36 12 

A(a+b) A (a+b)( where J.l and J.l' are refractive indices of prism and surrounding medium 13 = 2(J.l-1)a = J.l' 
J.l' )'( J.l' -1 	a 

respectively. 

c 0.5 
_1_ ~ _ 1.5 -1 = 0.5 =3 

13 oc J.l-J.l' 4 - 1.5-4/3 ""3 

13 = 12 mm. Ans. 

c 

.(~e$€Jnance 	 ...... 
1I~.E.I;II!Ciltln:jn6r better tomorrow., .';~I'ii'i 
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25.37 	 3 

.p y 

5+'.. 12a'
2a}- -t" +x152, 

I 

Q 

.. ·3AD 
y-coordinate of 3rd order maxima = d 

m 
p r",.... 

IS'T I y=3;\Dxl d 

14ad=4a-2x' 

x 
S. 

where d is the distance between both the sources at any time t 
d = 4a - 2x = 4a - 2a sin rot = 2a (2 - sin rot) 

3AD 


y = 2a(2 - sin rot) 


25.38 	 0 
For the centraLorder brighUo he formed at-O 

. ~ . 

2D 

(551) /-11 + (510) 1-13 = (552) /-11 + (520 - t) 1-13 + fJ2t 
or 	 (510 - 520) 1-13 = {552 - 551} /-11 + (fJ2 - fJJ t 

dsin~fJ3 =(dsin9}/-I1+(/-I2-fJ3)t .............(1) 

d2 . 
=0 fJ1 + (/-12- /-13) t 

12 . 4 (3 9) 4 . =103 x 3" + '2-59 X 10-2 =0 

:. ~ =0 or the central order bright is formed at P only. 
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25.39 	 40 


In absence of slab from equation (.1) ; t = 0 


dsiii-, !J3' =(d sin 9) ~1 


x . d 2~1d 4() . 

20 ~3 =0 1-11 or x =~= 27 111m. 


40
C 27 mm downwards 


() 
25.40 	 80 

25.41 	 4 

25.42 	 60 

(25.40 to 25.42) 


Lets find out the radius of curvature of equi. convex lens. 


( 

r 
\. 

1. = (1l-1)(~__1_.) => 1~ =(%-1}(~). => R=10cm. !f R -R 

r Now 
\ .. 

for lens: 

( 	
.=>Y -20 10 	 y 20 

=> for surface oftube (of R =10 cm.) 
( 

112 _~ _ 112 -111 4/3 4/3-1 
~ R=20cm 

~2~_7£. 
Y u 	--R-- =>y 

=> 	 v =+ 80 cm. 
( 	 --I~-:::'::---J--

t 	 . 

( (b) Now for mirrors. 

As the object for the mirrors is at 20 cm so the image will be at 20 em only 
C u = - 2 f => v = - 2f also. 

=> 	 magnification == m =1.L =-v
Yo u

( 

( YI 	 - --= (-20)=> 	 . 12 . '1'.t--------(1mm) -20 . !. 2.min 
( 

=> Y'= + (1 mm} T=~~ -~.~~1	 '---'~I-.... __. .c: 	 so the final images are: lik.e. 
2ri,;-.. - .......-J_.


so the distance betwe,gn the images is 4 mm. 	 -- ....--_... 
L (c} Now, th.ese 12 and 14 behave as the 2 sources for fringe pattern. 	 13 

A.D 	 vO (c/lJ.)O=> 	 A-- -- P-d -fd- fd 

c 

c = 

3
X 
10S] 0.8 =6.0 f!m.
--	x'1
4[

( 	 . ·3 
'-

~~ 
( ,........ 
 .: 

~ ;~esonance 	 . , •. ' ;~C I~ElIl!Cathi9forbettertomorrow .'< . 

4/3 
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25.43 	 75 
If phase difference at point P is zero then 
n d sinO = n d sinO' :::> 0' = 37° _ 1 2 

3 
and as tanO' =Y :::> y= --m , 0 - -4 

It is negative because upper path inmedium 

r  :::::::.::./p 

n is longer than lower path in the same medium. 2 

25.44 	 150 
.' 	 n 

As we go up frOm point D, path difference will increase. At D, phase difference is'3n + '3 and w~E:nit 

- . 2x 
becomes 4x, there will be maximum. Extra path difference created in medium 2 must lead to '3 phase 

difference: 

2n 2n 
Aa . dsinOl · n2 = "3 

3 3 Y 

Using values sinOl = 25:::> tan 01 = ..j616 = D 


300 150 

Y= 2..j154 cm = ..j154 cm 


25.45 	 13 '.;: 

d I 

From Fig. tan 0 =0 = 2xo 


d = 2 Xo 0 

Since, the line joining Sl and 52 is parallel to screen. 


, Ax= AA=(O+XO)A = (b+XO)~=(1+~)~ 
. . 	 d 2x O Xo 20 Xo 20o

But source S is situated in focal plane. So, images Sl and S2 are situated at infinitely large distance 
i.e., Xo ~oo. 

( b) 	A A __A_= fA 
:. Ax = 1+ 00 20 =20 - 2(~) a 


- 2f 


Here, f = 25 c, A = 0.6 x 101 m, a = 1 mm 


Putting the values, Ax = 0.15 mm' 

In Fig. the fringe pattern is observed between points A and B. 

Since, the arrangement is similar to Young's experiment. 

So, number-of fringes = 2 [n1] + 1 

Where nl =nuinber of fringes on either side oicentral point C of screen~ 


. From Fig. 

BC BC t 	 ba
tan 0 = =-=-	 t = b tan 0 = b 0 = 2fDC b b 

t ba 	 a2b 
n = -=- n1 = 2f2;\

1 Ax 2f x fA 
a 

, I 1 ,_ • v \ "]:1 4: (XV I C 

I+--- X. . -I 

(10-3 )2(50)<10-2) 
n =' . n = 2 [n11 + 1 =2x 6+ 1 = 13 

. 1 2x(25x10 2)2 x O.6x10-'6= 6.67 

.:',_",.\.I;~esonance"~d.!J:¢atin!l-for bettar tomorrow 
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Answers &.Solutions 
SECTION-II (PRACTICE TEST PAPERS) 

PART TEST;;;' 1}::';:M:J~QJ~~I~Jt?SfJ' lq,,~~,§;s XI) 


So reading is maximum for the case m1m2 is maximum as m1 + m2 in all cases is same. 

4. 	 W=Tt.A 
2 x 10-4 =(60 - 30) x 10-4 T x 2 

2 	 1
T ::: .....--'::: - =3 3 x 10-2 N/m

30x2 30 . 

5.' Due to surface tension, the surface area tries to minimize itself. 

1. (D) 2. (A) 3. (B) 4. (B) . 

8. 	 (BO).:,9. • (qP)' '10.' '{BC) 11;" (9"
:.... 'Oi,:'" ..•.. 

15. 	 (D) '16.. (G) 17.' (8), 18~ (0) . 

22. 	 (B) 23. (C) 24. (1) 25. (6) 

29. 	 2 30. (5) 

SOLUTIONS 
1. 	 F.B.O. for minimum speed (w.r.t. automobile) : 

'mv2 . 
Lf =N - mg cos a ~ -- Sin a ::: 0YR' i' 

Lf :::x' 

2mv
=> - 

R 

(I.l.Rgcos a - Rg sina) v2 - -"---'=-----=---' => - (case +I.l.sin e) 

Rg Rg =0for, 	 e =45° and I.l. =1 : vmin = 1+1 
" 

FB.O for maximum speed (w.r.t. automobile) 

2 	 2mv	 mv
Lfx' =--cos e - mg sin e-I.l.(mg cos e+ -- sin e) =0R . R 
for e = 45° and I.l. =1· v =C(l (infinite)max 

2 v2 

2. 	 mv R > ..J:!. => R > 20 mVB = .i2x10x10 ; T:::' mg - 9 
,>:" ", 

3. 	 Reading of the weighing machine=2T +weightQfthEtrriachio~; 
;", (~",ci~'. ";2~~~'}, 

As weight of the machine is constaritT'= m~m2 .. ;. 

' ... 1· ..... 2" 


t'\ ,.4~ mv'--R-
2 mv	 ~. 

-- cos a + liN - mg sin a =0R ,... 	

/. x' 

"'·-I .. ;9COS9+---!!lL
RsinO 

2 mgmv
cos a + I.l.(mg cos a + -'- sin a) - mg sin a =0

R . 


'-"~;~;!i~~ -.i~;~:_·;-C_:":_. '..~\::~\. ~" 

5.. (D) 6. 

12.>:" ,(BO),\: :\15.[ 
19;.>~';'(d);ii~0.' 

26. 	 (2) 27. 

~ 
0'" 

~ 

mv".. , .. ' R 

a mv".,·
7JV mgcos +T,sma 

",: -~', 

Teo., 

(8) 7. (e) 
.. -... 

"~~;l~~~f~~t;gr';;}C", ;(~B) 
;"'(0),'" 21. (0) 

(2) 28. (9) 
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u2 Sin 29 
-- 6. The.COM wiI UaJLat distance R --,-'- from the initial point, irrespective of explosion. Now one9 	 ,-, 

-to I' R h h - 3R par IC e IS at 2"' t eot er should be at 2""' 

7. Let the velocity of boat be 'V' opposite to the man. 8y momentum conservation, -40V + 80 (6 - V) = 
r- o 
\ 

V =4 mls 

velocity of the man = 6 - 4 = 2m/s
C---,

J 

/ 
8. 	 As shown in the figure, at A 

\ 	
at =g. 

Here, at is maximum because at other place, at = gcos 9 . A 

at and a will b~ equal at some point. a will have extreme 
c 	 c 

value at lowest points and there at = O. 

x = u (t - 2) + aft - 2)2 

Velocity of particle at time t 


dx dx

dt =u+ 2a (t - 2) ::::> Velocity at t = 0 dt = u - 4a 


Acceleration of particle 

d2x 
-=2a ::::> Xt=2 = 0 So correct ans is (C) and (0),
dt2 

The resultant force can be accelerating or decelerating, hence the momentum can increase or decrease. 

Hence (A) is wrong. 

Since Fnet = M aern 

aern i= 0; 
hence vern must change 

Hence (8) 

In case of a circular motion of centre of mass about a point the:distanceof centre of inass will remain 

constant. Hence (C) 

Kinetic energy of some particles may increase and of some particles may decrease at the same time. 


aret = 9 - 9 = 0 ::::> vret = constant ::::> aern = 9 = constant ::::> :. vern i= constant 

For minimumvelocity.atA,; 
": f~· 

D 
1-mY 2.= mgR =>-- 'VA = ~2gR
2 A 

A 

1 2 ,1 2


Now , "2 m VB + mg R = 2 m V Ec 
As, VB = ~2gR 	 EC 
For looping the loop :_ VE = ~5gR' N = 6ingL 

C 14.-	 dx
JX= 2t- 3 ::::> x = (2t - 3)2; Vel. v = dt = 2(2t -3) x.2= 4 (2t.,... 3) 

c 
dv 

if v =0 t =3/2 acceleration a = dt =4 x 2 =8
( 

So, correct ans is (A) and (8) 
c 

15. The time in which the planet rotatesabout its axis is not'given for either planet. 
( 

" -~~esanahce.C"~5:~-!,cating for better tomorrow 	 " ' 
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16. 	 For geostationary satellite, time period = 1 planet day (by def.) 

LetT = 1 planet day . 

To = 1 planet year 

41t 2 3 41t 
2 

3 ()m. 41t.2 3 3 

Now T2= GmrG = GmrM ,= GM r =To =:)T=To 


18. 	 (3) Eliminating 't' from both equations 

=:) 
x 	

=:)t= -. 	 y=X(1-!XJa 

(4) 	 r= atT + at(1- pt)] =:) V= aT + a(1-2~t)] 

1 
1V1= a~1 + (1- 2~t)2 =:) Speed at t = 4~ 1V1= a~1 + 1 _ J5.4 -2a . 

19. 	 400 = IlsN = Ils(mg) = Ils(100 x 10) Ils = 0.4 

20. 	 The frictional force is equal to the push force. 

GMm 1 	 GMm 1
21. 	 P.E. = --- =:) K.E. = -2 mV2 Total energy = - -- + - mV2

r' r 2 

. GMm 1 2 . . ~2GM
T.E. = Olf --r-+2mv =0 =:)v= -r 

.' ..' ~2GM 

For v < ~2GM T.E. is -ve for v > -r- , T. E. is + ve 
r ' 

M . 

If V is - i.e. equal to orbital velocity, path is circular. 
~r . 

If T.E. is negative, path is elliptical. 

If T.E. is zero, path is parabolic. 

If T.E. is pc>sitive, path is hyperbolic. 


22. 	 Use equation of continuity and concept"pressure is greater at lower and broader section". 

23. 	 In all four situation of column-I, angular momentum of the disc about a pOint on ground is conserved. 
Take angular momentum out of the paper as positive 

(A) 	 Initial angular momentum about its point of contact oli ground =~ mR2C!}~"'mR(2Rroo) = ne'g~tive. 
Hence final state ofthe disc is as shown if figure B. 

W

,~,-Q)Ovo=2Rro. 	 'B:_
friction' +R" . ...... v 

.va roo '.. ' .. 
fig (a) initial state fig (b) final state 

Hence angular velocity shall first decrease arid then increase in opposite sense. The velocity of 
centre shall decrease till the disc starts rolling without slipping. 
(8) 	 The initial angular momentum about its point of contact on ground =0. 

~Wa 

(lvo=ROO. E~ofri~V.+ROO.
:." '." 

fig (a) initial state fig (b) final state 

d~esonance 	 '. •' •. ,...;':>PI~,§d!lCa~'ng for better tomorrow."'". "',
/.--"~i::f;~it·!'"-:..'t::7"· , 
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Hence angular speed and velocity of centre simultaneously reduce to zero without a change in direction. 
r (C)Becau~eVo> R(Ooy~19cityof,!?entr~ of mass will decrease and angular velocity will increase 

without a change In direction till disc starts rolling without slipping:····· ,: .. ",' ' " ' 

~co,,' , 

.=2Reo. llVfri ion, 	 . ~ Yo-Reo. 
( i 

fig (a) initial state fig (b) final state , 

C) (D) 	 Because va < RO)o velocity ofcentre of mass wiil inc~ease and angular velocity will decrease 
without a change In direction till disc starts rolling without slipping,' "", ' 

--.110.01. 

; 
~ 	

V.=Rco"< 
(' 	 ROl-Vli.', friction\ 

fig (a) initial state 

24. Work done in changing speed from 0 to V is 

( 	 1 ' 
AW :: - mV2 

1 2 

work done in changing the speed from V to 2V is 

( 111 
;:..W = m (2V)2 - - mV2 = -3 mV2 

2 2 2 2 
( 
\ 

1 1 
2 m (2V)2 + '2 mv

( , 26. x=TxV 

{' 

'< f2h 
x ={g )( ~2gh ::::> x =2hC 

( 
27. Velocity ofI p.article after time t 

C 
Velocity of II particle after time t 

r'" " 

f To be parallel ofV and V\... 	 1 2 

<
::::> t = '~co{~)~osec(~O) 

28. Method - 1 

i):v 

fig '(b)ffnal state 

;:"W1 -.! 
;:"W2 - 3 

25, Let v be the speed of B at lowermost position, th~ speed ofAat lowermost position is 2v. 
.' From conservation of energy" 

", ~ 
2=mg (2£) + mg£,,::::> Solving we get v =V5g£ 

J2gh 
...................,....". 

.~.•... 
\ 

\ 
~ =(v co~O J +v sirO ,J)-(gj)t, 

~ "A A 

V =(vcos20j +vsm20j)-(gjtt
2 

vcosO v sinO  9t 
::::> 

vcos20 = vSin20":"gt 

take v =20.J2m/s and 0 =300 (g =10m/s2) 

c If the river is still, the man will beat a distance 3 metres fromongin o after 1 second. Theloc!Js ofall the 
pointwhere man can reach at t =1 second isa semicircle of radius 3 and centre at o(dotteq,semicirclec shown in figure), . ' 
The river flows to right with a speed 1 m/s. Hence there shall be additional shift in 
position by 1 mls x 1 sec = 1mtowards right. Hence the locus of all points giving 
possible position after one second will be the dotted semicircle shifted to right by 
1 m as shown in figure., " 	 ,,' . " ",' , ' lim', • 

{' Hence locus all the points where the man can be at t = 1 sec. is a semiCirCle of radius 3 and centre at 
\'-. " 0' (1 m, 0 m):. Equation of locus of all the pOints is 

t, 'm''''<i~", ' , 	 ,'."-"" \~;f,:!$€)nanc:e:····;'" ;, 
.,,; !E'dUtfabnn,for, battor tomorrow 	 <.': i;;«,.;, ......,.... '\ 
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(x -- 1)2 + (y _0)2= 32 

or (x - 1)2 + f =9 
Method - 2. 
Let .the relative velocity of the man make angle 'a' with the x-axis. 
Then at time 't' : 

x = (3 cosa + 1) t 
and y =3 sina t . 
=> (x -- 1)2 + y2 =(3 cosa)2 t2 + (3 sina)2 t2 

~--W+f=~ . 
at t =1 sec. the required equation is (X-;-1)2 + y2 =9. 

o • 

29. 

(figure - 1) .' ." ..... 
Let u and v be the speed of wedge A and block B at just after the block B'gets off the wedge A. Applying 
conservation of momentum in horizontal direction, we get. 

mu=mv ............ (1) 
Applying conservation of enerQY between initial and final state as shown in figure (1), we get 

__ 1 2+ 1 2
mgh -- 2 mu 2 mv .............(2) 


solving (1) and (2) we get 

v = .J9h ..·..·....w(3) 
'" 

At the instant block B reaches maximum height h' on the wedge C (figure 2), the speed of block Band 
wedge C are V'. . . . 

Applying conservation momentum in horizontal direction, we get 
mv = (m + m) v' .............(4) 

initial state final state 

Applying conservation of energy between initial and final state 
11' 
2 mv2 = 2 (m + m) V,2 + mgh' ............(4) 

•. . . .. h 
Solving equations (3) (4) and (5) we get h' ='4 Ans. 

m, = 100n rad/sec 

(a = a2)30. 1 o fZ\. m.·=o

V 
fR =10.1 fR =10.2 
a =a =21t red/sec2 
12. 

For A cylinder: 
For B cylinder 

()) =())o -- o.t 
.()) =·())o .... o.t 
()) = at 

())=1001t-21tt 
())o = O'
()) =21t t ....(ii) , 

.... (i) 

From (i) and (ii) (j) =100 1t -- (l) 

2()) :::'1 OOft . 
()) = 501t 

From (H) euqation 50 1t =2 1tt 
t=25sec 
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PART TEST -2 : HEAT & THERMODYNAMICS (CLASS XI) 


1. 
8. 
15. 


\ 

22. 

( 

29.( 

(j 1. 

,, 
( 12 +~)X8.31X300 

2 PV:: nRT P == nRT == 4. 2· =: 6.25 x 105 Pa 

V 20x10 3 . 


t' 

\. 

3. Total KE:: U =: f nRT 
2 

In case of H2 degree of freedom is greatest and number of moles n is highest 
So this is the case of maximum kinetic energy. 

( 

( Vi V2 21t -a. a. 
\ 4. Pi:: P2 T1 :: T2 => =>--=:

n1 n2 n1 n2 


( 21tM1 161t 
0.-. :: => M1(21t - a.) =M2 .a. or , - M1 +M2 15 

\. 
5. When speed of 5 molecules which are selected randomly are recorded, then the average is most 

( likely to be equal to the most probable speed. " 
( 
\. 

~ 

:. The average of these values is most likely equal to J2:T . 

TF -32 273 0-32 a 273
( 6. = ::180 = => 50 - 32 x 5 =ga - 273 x 9 = a= q74.25
\. 180 100 

V 
7. Work done by atmosphere = Palm AV =: Palm 2" ................ (i) 


C . . 
Initially gas in 'container is in theitflbdynamicaquilibrium with4ts surroundings.', 
:. Pressure inside cylinder = P~tmC ,. 

, nRT 
( & PV =: nRT => P V = nRT or V =- Putting in (1 ),'~- w:: I1RT 

aim , Palm . , 2 

( p2 
8. Equation of process=> -.- = constant == C .... (1) 

e p 

P R 
( Equation of State p=-M T .. ;. (2) 

From 1 and 2 ' Pi" :: consta'nt => C is false, D is true. c 
P 

Asp-changes to % => P changes to J2 from equation (1) => A is false. c 
Hence T changes to .fiT . => B is true. 

\. 
( 

9. M 'x 100 2(M) , % i~creasein Area = 2 x 0.2 = OA= A x 100 => 
( 

,A 
"-"' 

[, .iIRIaS9AaACZe .-",:~.~ \~d!JCilti!i9forbettertomorrow , ., 
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AV x 100 = 	 3 x 0.2 =0.6 %
V 

Since AI = I (X AT 

Ai. . 
-e x100. = (XATx 100 = 0.2 => (X =0.25 x 1Q-4 1°C 

10. 	 Area under the curve is equal to number of molecules of the gas sample. Hence 
1 	 . 

N =2" . a . Vo => aVo =2N 


"" 
 2 Vavg 2= 1 Jv N(V}dV = 1VJc .(~N)dVVavg N 0 	 .NoVo = 3" Vo => Vo = 3" 

'" Vrrns 	 _1_v~ms 	 =! fV2 N(V}dV = ! VjV2(~.V) dV = vl 
=>V;=J2N 0 	 N o Vo 2 

. 3 . '. 

Area under the curve from 0.5 Vo to Vo is 4'0ftotal area. 


11. 	 Vr.m.s• =~3~T 
Since PV = nRT therefore P and V b.oth can change simultaneously keeping temperature constant. 

m P P -.B.-T12. 	 PV= -.RT p=-RT => ;- MoMo Mo p 

Slope of the curve (X Temperature 

Hence cd and ab are isothermal processes. 


1 
pex:

V 
i.e. bc and da are constant volume process 

, 

d~'.:'
a ,c,,. 
:. b 

'v2 'v-v1 

Equivalent PV diagram.
(A} and (8) are true. 
Temp. in cd process is greater than abo 

Net work done by the gas inthe.cycle is negative, as is clear by· the PV-diagram. 

13. 	 Since, e = a =0.2 (Since, a = (1 - r - t) = 0.2 for the pbdy 8) 

E = (100) (0.2) = 20 .W/m2 . 

Power emitted = E.A = 20 x 10 = 200 Watt 


14. 	 Heat obviously flows from higher temperature to lower temperature in steady state. => A is true. 

Temperature gradient ex: 1 . in steady state. => 8 is false. 
cross sec tlon area 

Thermal current through each cross section area is same. => C is true. 
Temperature decreases along the length of the rod from higher temperature end to lower temper;;tture end. 

. => D is false. 	 . 
, ,.,,' 

15. to 16 
(A) 
TP(1-r/rl = K. (given) ',' 

dT 
Lapse Rate.is dy , therefore differentiating w.r.t. y 

/ 

..•.. 	 ..:·········;;liesonance . 
" ~~~<!iiciilin9 for better tomorrow 	 ~~!t;,;t.o ..' 
. :;~·:::!;;;g~(~,~\st};::-: 
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1-1 (1-1)
dT. p- y-+ T.1-y.p -y- -1.dP =0 dT T(1- y}dP

:;:::>
dy y- ,.. dy 	 dy =-P ldy 

M' T_~ dP 
. => P - pR . dyUsing PV = "MRT . => P ,:;: ~RT 	 and - =-pg 

" 

dT =~.(Y-1)t_pg)=;...(.t_!)M9.c dy pR y . .. yR 
, , 

017· 	 In 40 min. temperture of water has come down by 40oe. 
I 	 mSAT 0.60 x 4200 x 40 . 
\ Therefore rate P = t = (40x60. =42.0 W 

18. Sample of ice has been receiving heat at constant rateP from water. Its temperature has increased 
r by 300 e in time 60 min. 
\ 

, m·s,A Tj .' 

Therefore I ~= 60 min. 


(60x60s)x(42W)( 
=> 	 = 2.4 kgmj = (2100J/kg).(300 e) 

( 
\. 	 Alternate: 

mwSwAT w + m'wL = mjSj 30° (m'w = mass of water which is converted to ice) 
( 

3
( 19. 	 W = Area under the curve = 2 P1V1 

P2r-----7: 
V2 =·2V,\. 

1 I, I 

( 	
P L __ / ; 

I P2 =2P1
{ 

I\.. 	 and P,V, =nRT, 
( 	

Vi V2 

\. 	 ~. P,V,W 2
Therefore nRT = , P,V,C 

20. Q =dU +WC dU =nevdT 

C 	 For final state P2V2,= 2P, 2V, .= 4P,v, =nR(4T,) 

·3.9.(' Hence final temp. is 4T,. 	 dU =n '2 R : 3T, =2' nRT, 

{ 
\. 

3 9 	 Q 

( 	
Q ='2 .nRT, + '2 nRT, = 6nRT, nRT, = 6 

21. PV= nRTC 
1 . 1 

P = (nRT) V = (constant) V C 
T = constant i.e. isothermal process ',' V increases, AW is positive 

and AQ = AU + AU =AW > 0 
C 
(B) AO =0 pdV =AW =positive 
(e) PV =nRTL 
As volume increases, T also increases 

Le., AU> 0 PdV =AW > 0 So AQ > 0 
C 
(D) For cyclic process AU = 0 

[ 
~ AW < 0 (anticlockwise) 

". ":; 
AO<O. 

.•·~-1~~50nance 	 .;,;.
L ·pt;~;~d~(l'I!~I'19 for better tomorrow 	 ~. \~,. 
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22. 	 In (A). V is on vertical axis. 

. ", 	Part-IIv~'.'; 

v~. As V is_iere.sing, W, [s positive. ~ 'p 

As negative work in part-II is greater than positive work in part-I, net work during the process is 
negative. , ' 

. Using PV = nRT and as Vremains same for initial and final points of the process, it is obvious that final 
temp. is greater than initial temperature as pressure has increased. Therefore dU is positive. Hence 
option (S) is connected with (A). " ,~ h~ .,.;':,,;;;" ~,;,,;;,~ •• ~" .~...;" ,._ ~. ' 

Similar arguments can be applied to other grapns. 	 ' 
.',\ 

23. 	 (A) Initially more heat will enter through section A but thernetal will absorb some heat and less heat 
will leave from C. ' 

, " .. , 'J ";'.1)":;,,,' :.'t',,~ 	 ,; " ," 

, . . 	 dO' 
(B) At steady state heat accumulatron => Cit is same for all sections 

dO IdT I' IdT I 1 (dQ)(C) At steady state. Cit = kA dx or dx = kA dt 

dT 	 ',' '" " ",

Idx I is inversely proportional to area of cross-section. Hence is maximum at B and minimum at C 
'r.~:·;:, ';:)~: r ,,'j ~ ·.~·~3;f '. '_!.; '. ':, 	 . 

(D) At steady state heat a-ccumulatlon = 0 


dT 

So Cit = 0 for any section. 

l1 	 dx:' 
24. JdR = fk n(r

1 
+ xtanSt, 

o 
1,; 

l 
:. G =1 = k 1t • 4Solving R = k 1t r r	 Ans 1 

1 2 R l 

25. The maximum temperature of the gas will be during process BC. 

ProcessBC can be represented by straight line, y = m x + C 
So P = mV + C Putting point B'& C gives 

3 P = 2 mV+ C - (1) p=6'mV+C (2) 

. " . 	 P , 
So subtracting 2 p~,='.."".4 mV " SO'm = - 2V' 

P 
From(2)P=-2V.6V+C ,~C=4P 

Hence we get equation as, y =(-:vJ x + 4 P (4) 

where y is pressure and x is volume of gas. Putting y from above" 

x 

p 
B 

3Pt- -  -P-J\-- -. ' 
pt- - A 

. 
I2P - _... I 


, " .. 

';;"'T';" ..I;..;, - - c 

, 

I • 

• ~v,*"V 2V- . '6V 

,. , 

"p ...... ,.• ' .,',: :':.':,,:.:.......... 
now we have x y = n R T - 2V )(2 +4 P 'x = n RT 

For maximum temperature dT =0 ~ 
dx 

Hence 	x = 4V 

Putting in (3) we get n RTmax = 2 P (4 V) = 8 PV 

,',.",' 
-'(3) 

.' 

2P 
-:2V~,>,c~4J'.= ,0 ." 

" 

So, T _ 8PV 
max- nR 
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/' 

(' 
\, 

() 
i' 

" 

26. 

27. 

Before heating let the pressure of gas be P1 from the equilibrium piston, 
PA:: kX

1 

_ PA _ (hRT) A" _ 1x8.3x100x10-2 
_ 

Xl - K - V 1<"" O.83x2pO '. , ,- 0.05 m 

Since d'uring heating proces~, " 
The spring is compressed further by 0.1 m 
:. ~:: 0.15 m 

, ' 1 1 ' , 
work done by gas :: '2.200«0.15)2 - (0.05)2) :: '2.200 C02) , = 2J 

External Work:: work done on both gases = :::;;;:'(WClrk dqrIEr'by·the~gases) , 

_ [p V. D 4/3Vo P V. IJ 2/3VO ]
- - 0 o<.n + 0 o<.n--"-

Vo Vo 
89= - PoVotn = PoVotn-'
9 8 

( 

C 
(' 
\. 

f 
\., 

/' 

"

" " 
( 

( 
\. 

f 
\ 

C 

C 

28. 

29. 

30 

K1 K2 

J 
ooe 70°C 100°C 

70-0 100-70 
~::R; 

R2
R 

1 
:::> 

ooe K2 T Kj 
,100°C 

T 0 100-T 
R2 =~ :::> 

n:: 7v - v2-10 

dn 
for most probable velocity dv = 0 

7 
7-2v = 0:::> v ='2 :: 3.5 m/sec 

3
E=-kT 

2 

=3/7 => 
K1
K=3/7

2 

100-T R1 ' ,K2 
T :: R; = ~ = 7/3 => 300 - 3 T = 7T :::> 

n is maximum at this velocity 

T:: 30°C 

PART TEST- 3 : SHM & WAVES (~LASS XI)' ,', 

.. 
( 1. (B) 2. (C) 3. (D) 4. (B) 5. (8) 6. (A) 7. (B) 

8. (BC) 9. (AC) 10- (ACO) 11. (AC) 12. (BCD) 13. (ABCO) 14. (AD) 
( 15. (B) 16. (C) 17. (C) 18. (D) 19. (A) 20. (C) 21. (A) 

22 (O) 23. (C) 27. (2) , 25. (4) 26. (12j 27. (2) 28. (1)C 
29. (5) 30. (5) 

l SOLUTIONS 
- 1. Maximum velocity v = (0 aC 

2v
, Maximum acceleration f :: (02 a :::> f=

a 

C 

K(2K) 2K ' 


{ 2. Both the spring are in series .. Keq ::--=
'\.. K+2K 3 

( 

(; ,~ 
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m1m2Time period m .T= 2n:~:eq where J.l. = 
1 

+m 
2 

m ~ = 2n:j3mHer!3 J.l.=2" :. T =2n: V2"'2i( . 4K 

Method II 
. . 

, '. t ' 

mJllmmnmm:::::1IL 
: "':'. . 

. ~;iwT.'IJImm~~lI#mnJ( HIlII 

~ ~ 
~ ~. . 

mXl =mX2 => Xl = ~ 

force equation for first block; 


d2 
2 

x1 d X1 Ak.. x X =0 
-2k (Xl +X2 )=-m de Put Xl = => dt2
3 x2 + 3m. 1 

4k 
=> ())2 = 3m T =2n:J!~ 

e 
3. Resulting torque on ~he bob = mg .J2 ~ine 

me2 

MI of bob about axis xy= 2 

For small angle 0 

a=~-.J2g {n ~ ~.J2. mgI - - 0' 2g => T= 2n:Jlge . .e 

4, f =_1 Jmg,e 
o 211: I 

where, t. is distance between paint of suspension and centre of mass of the body. 
Thus, for the stick of length L and mass m : 

C 
, ~:'.1 .~. m,g.-+;;1.·····"·6.9 .'f=-·. 2= __ 

o 211: (mI 2 11?\ 21t L 

._Q_ .. -

m L' 
"...-.g.~

1 2 4 =J.- X i129 
when bottom half of the stick is cutoff fo' ='2n: -rn (Ll2)2 2n: L - .J2. fo 

2 12 

dO
5. -=2 e=2t y

dt 


Let BP= a X. = OM = a sinO = a sin(2t) 


Hence M executes SHM within the given time period 
and its acceleration is opposite to 'x' that means towards left Ax 

http:Solutio.ns
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1 26. Average kinetic energy with respect to position = akA 

Average potential energy with r~~~ectctbPosifjon= ~kA2 

Average "kinetic energy with respect to time = ~ kA2 

c} Average potential energy with respect to time =~kAz 
c, ' ,4 

()7. Afterthe system is released, m moves d()~n.2 

The extention in the spring becomes:: c 
g 

m: (m2g = kxo)' which is the new equilibrium position of the system. 

( 	
For smaU'x' :testoring forQ~,onthe sy~temis ,. 

kx 

(' F =kx => a = m +m (For (m1 + rry2 + spring} system)


1 2" 
_ ~ _ 2 ~X(m1 +m2 ) _ 2''4m1Tm2c 	

=> T - 21t - - 1t - 1t .=> Angular frequency = m= ~' ~ ~ k 
a kx ' k 

F.B.D. of m and m just: after the system is released:
1 2 	 T

( 
"

f---,-+-) T 

( 	 k(O) = 0 

m1m2( F rom above: T = m m g
1+ 2 

( Hence (C) is incorrect 	 m2g 

, 
\. 	 After x = m~g; m

1 
moves towards right till the total kinetic energy acquired does not converted to 

( potential energy. 
Hence (D) is also incorrect. 

C Hence (B) is the answer. 

C 8. 	 At time t1• velocity of the particle is negativeLe. goirig towarcjs)..:,X . From the graph; at time t1,itsm
speed is decreasing. Therefore particle lies in between-X~an'd '0. ,'". ',,', . 

e 	 At time ~.velocity is·posmv.eand its,magoitLJde is less thanm~~ir:nuimi.e.ith~s yet not crqssed O. 
It lies in between -Xm and O. , ','. 

( 
\. 	 Phase of particle at time t1 is (180 + 91), 

Phase of particle at time t2 is (270 + 92)
{ 

Phase difference is 90 + (92 - 91) 


92 - 91 can be negative making A~ < 90 0 but can not be more than 90 0
• 


L 	 dy ,'. ".
9. y = 2A sin kx. sinm t 	 Vy= dt =2A sm kx. cos mt 

Vy=O => t=T/4,3T/4 (T=~) 	 (2 times in one time period) c 

( 
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A. 
10. 	 4 = 0.1 :=;. A= 0.4 m 

from graph :=;. T =0:2 SS·C.· 

Eq,uation of the standing wave 

21t ) 	 . (21t ) y(x, t} =- 2Acos ( 0.4 x . sIn 0.2 t 

y (x =0.05, t =0.05) = - 2 J2 cm 

A . 
speed = T = 2 m/sec. 

oy 

{t) JEE(Advanced) - RRB '00 

andaroplitude ofstanding wave is 2A= 4 cm .. 

cm 

:=;. y(x = 0.04, t =0.025) =- 2 J2 cos"36° 

:=;. V = . fly =- 2A 10 1t ~os (. 27t .-1.). COS (,21t 0-.1)' = 20 7t cm/s
tat· . 0.4 15 0.2 

12(X-3t) .' . . oy
11. 	 The speed of the particle (x, t) is at [(x _ 3t)2 + 1]2 . Therefore at x =3 and t =1, at =0 

. '. coefficientoft' . . 

The speed of the pulse =. ffi" t f = 3.0 em/s


coe IClen 0 x . 

. . 12. At max; extension poth should move with equal velocity .. 

By momentum conservation, 
(5 x 3) + (2 )( 10) =(5 + 2)V 
V=5 m/sec. 

Now, by energy conservation 

1 1 . 1 
- 5 )( 32 + - )( 2 )( 102 = 
2 2 ··2 

Put V and k 

1 
(5 + 2)V2 + -'- kx2 

2 

1 
= 4'm = 25 cm. xmax 

3m/s 

Also first maximum compression occurs. at; 

3T 3·. {; _ ~ 27t no _31t 	 _ ·m1m2 
t = "4 =4' 27t1tk - 4 V~ - 56 sec. (where J.l:=;' reduced mass, J.l- rri

1
+m

2 
). 

15. 	 When spe~di;~f ~I.ock is maximum, ne~ force on block iszero. Hence at that instant sprir:lg exerts a 
force ofmagoitude 'mg' on block. 

.. 	 . 

16. 	 At the instant block Jsin equilibrium position, its speedismaximuriiand compression in s'pring is x 
givenbykx=mg .... (1) - ,~-- . 

From conservation Of energy 

. 1 1 

nig (L + x) =2' kx2 + 2. mV2 .... (2)
max 

from (1) and (2) '!Ie get v = %.J9L.max 

17. 	 Difference in path travelled by the sound = ~. Hence, time gap between the recordings = ~~ . 

18. 	 For resultant pressure amplitude to be maximum, path difference. AD =mA 
.."'-~ 

hd = m~ mVDJ.'[f = 	
....D f hd 


Forminimum frequency, m =1 [f = ~~1. 

',-. 
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19. 	 The equation of wave moving in negative x-direction. assuming origin of position at x =2 and origin of time 
(Le. initial time) at t = 1 sec. 

y = 0.1 sin (41tt + 8x) . ....... . . 

Shifting the origin of position to left by 2m, that is, to x =O. Also shifting the origin of time backwards by 1 

sec, that i.s to t = 0 sec. 

y = 0.1 sin [(41t(t-1) + 8(x - 2)J 


( : 
20. 	 As given the particle at x = 2 is at mean position at t = t sec. 


:. its velocity v = roA =41t x 0.1 =0.4 1t m/s. 


C 21. 	 (A) In frame of lift effectiveadceleration due to gravity is 9 +~,= 39 downwards
f2l ". 	 2 2 .C: 

:. T =21t V39 
(8) Kl = mg :.~ =t 

\. 	 constant acceleration of lift has no effect in time period of oscillation. 

1m .' fl 
:. T =21tV~ = 21tVg 

. 	 ~12 
\, 	 I 3 =2; 21 . m . (p/2)Al I 

(e) T =2'~mgd = 2. rng~ ~ (D) T =2'~pAg =2. pAg =2.J+s 
/ 
~ 

22 	 (A) Number of loops (of length 'J.../2) will be even or odd and node or antinode will respectively be 
formed at the middle. . 

Phase of difference between two particle in same loop will be zero and that between two particles in 
( 
\ 	 adjacent loops will be'it. 

(8) and (O) Number of loops will not be integral. Hence neither a node nor an antinode will be formed 
,( 
\. 	 in in the middle. . 

, Phase of difference between two particle in same loop will be zero and that between two particles in 

\.. adjacent loops will be 1t. 


(e) Number oJ loops (of length 'A/2) will be even or odd and antinode or node will respectively be 
'-	 formed at the middle. 

Phase of difference between two particle in same loop will be zero and that between two particles in 
adjacent loops will be 1t. 

f 

2v
23. 	 The velocity-displacement relation is X2 + -2 =A2

( ro 
which may bea circle if ro = 1. and ellipse of ro :f'.; 1. 

( 
\ 	 2 . ' a 

The acceleration - velocity relation is v2 + 2 =N which maybe a circle if ro = 1 and ellipse of ro:f'.; 1. 
I ro\. 

Acceleration-displacement graph is straight and acceleration time gr.aph is sinusoidal. 

C 
27. 	 The coordinates of the particles are 

x1 =A1 cos rot, x2 =~ cos rot 

separation =x1- =(A1-~) cos rot = 12 cos rot
x2 

1t 21t 1t 
Now' x =6 =12 cos rot => rot ="3 	 => t= 2sx1- 2 	 => 12 . t = 3 

C 25. 	 The bob will execute SHM about a stationary axis passing through AS. If its effective length is l' then 

re 
T = 21tV9' 

C', 
~. 
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l' ;::. II sine ~ '.fit (because e~45) 


g' ;::. 9 cosS;::. g/.J2

',;;- ., 

fU ~2XO.2 21t 
T;::. 21tfg ;::. 21t ----w =5s. x =4 mg 

26. 	 Imagine a cylinder of radius 7m and length 10m. intensify of sound at 

p 

the surface o! :~ylind:r~~, s.ame eve~here.. . Therefore I = 21trL , 


'. ", - ,-	 " ".~~ '_J~'~~_<~:',:, '!"1~,~~,~:"t ~~~-1'~~-~~~~,~,.,~ """""J'~H .........
. ""'.'.< '." 

(As sound is propagating radially out only, sound energy does not flow 
out through the ends):. 1= 50 W/m2 ; Energy intercepted by the detector- I )( A=12 mW 

27. 	 .,' Acceleration of the wave pulse remains constant in this case. :. distance =<V>.At 

Vc + VB ". ..' VB' + VA 
.. CB =l = 2 	 tcsand BA =l = 2· teA'> 

.-2mg . ~2mg 	 v =~3mg =r;;;::;Vc:; 0 VB:; ~2mlr:; J9i I VB':; mil =. ~2gl, A mIl· v3g1 ,I 

. 	 ~+ . 21 ;::. 2H[!:.. 1+-~l:; Jiii. 	 1]T tCB £:; .J29i +M tBA ; t =tce +tBA = J9i J2g1.+J3g1 g.J2+../3 

21- 21 9610 .[1+ J. :; 2J961[±:!] :; .., /961x41 :; 2 Ans 
~ . V~6,81x10 ,1.4+1.7 .' 1(381 3.1 \l1681x3f . 

28. 	 •Infirst case, T;::. 21t& and A= :g; :.'AT.';;z'i#.:g =g ............... (i) 

In second case, 

mg

1-1 =21t~~ => A1 = K1 +K2 


,em· 

m n mg.n 1m mg n312 

:. A1T1 = 21t~ m ~ 
Ki +K2 . K1 +K2 (1+n)2 'K (1+n)2K =21tV"K'K' (1+n)3 

If 	 n =1 => A1T1 :; 8'231 :; 1. 

29.00.=' :; ~4~0 = J50 
002 :; 50·· 

V:; oo.JA 2 - x2 

V2 = 002 (A2 _ x2) _ 


3
1 +_1_ ,. (2 1) 	 ;A=.! I~1 =50-	 A --.100 A2 = 50 100 A2 ='100 . 5'1'4; x:;5 

ao:"' ' '1'~· (;;44:1~}OO ··r"":~tIo 
325 ! • 


= 350)( 700 =650 Hz. : "" 

j 53·~.
1........1.. , 


. 15m1s 

t1 mls 
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PART TEST - 4 : OPTICS (CLASS XII) 


1. 
8. 
15. 

22. 

( .29 
.1 . 

() 
('1. 

\ 

( 

( 
2. 

/'
\ 

( 

\ 


/
\. ,3. 

(,. 

c: 4. 

c· 
C, 

C 

C 

C 
..' 

5. 

C 

C 
[ 
,"" 

t 

([) ,2.-, (BI":'"" 3~ (C} --4.-'· ··'''tD) 5. (AI 6; (D) 7. (B) 

(AG) 9. (BC) 10. (ABD) 11. (ABCD) 12. (AD) 13. (AC)' 14. (BO) 

(D) 16'; ,. (D)' "17. (ct:· .18'.: "····CD) , 19." (Ay 20., (S) 21. (B) 

(S} '. 23~: (D) 24. 8" '25. . 4 26.'8 27;, ·5 .28: 3 
2 30. 5 

SOLUTIONS 

Given LNE;D = 30° 	 LBED: 120° 

BcnE is cycliC q'uadrHateral LBCD: 60° 

The lirie~C~\vi{tbe'an9Ie bisector of LBCD 

a 	 BE aJ3 ~ 
BE :: a tan 30°: J3 now tan i = AB : a12 : J3 

.. .2 . b II' I 1 ... 2 1 ,. => 'n =. Ii4 
Slnl: Ii now ysne.::~,<}~xslnl:nslnr => Ii =n x ·2 . 

For normal incidence path difference between ray 1 and ray 2 is 2 J!1 t 

t 
For minimum thickness increment 2 J!j Llt =;.•~ 	 ,t 

~, 
. 7 Jl=4A 9.6x10- = 2,x10":7 m 	 "3=> (~ - t1) = 4J!1 = 4x1.2 

" . ,. ,,, ' 

In absence of film or for I-J.=O iQtensity is maximum at screen. As the value 

of!l is increased,intensity'~hai(decr~aseand then increase alternately. 

Hence the correct variation is 

3m9 3 
Acceleration of block AB = 3 = -4 9 ; acceleration of block CD 

t 

1J=1, 
m+m 

.2mg. ,_..'., ..", .'. 
= -"" .' = 3 . Acce'leratiorfofirhage'ih mirror AB ( · .. ViGL::::-VoG+2Vfr'1G) 

g 
= 2 acceleration of mirror = 2. ( -:9) = -2 9 ; Acceleration of image in mirror CD = 2{23 ) = ~g3 

, . 4g (-39) 179
Acceleration ~f the two image w.r.t. each other: 3 - -2- =6' 

Let be the angle of emergence from the first prism be 'e' 

Snell's law on surface AB 

4 
1 x sin 53 0 = - sin r r = 37° .,' A: r1 + r23 

r2 = 67°.,.. 37° = 30° 

"

C 
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4 . 	 A 
Snell's law on AC "3 sin 30° == 1 x sin e 

2 
e =sin-1 . 3 	 , 

Then for net deviation to be double, the incigent ray;0nsid~ 

A' B"of second prism ,should make .pngles i or e with normal. 

Hence the angle between the given then will be 2e or i + e. 

6. 	 Dispersion wiu ,!lot occur" for a light of single wave length A. = 4000A. 

7. 	 AsAB is cornman and 01B = BI 

.6. 01BA and BAl are congruent ." .. 

By symmetry AI is perpendicular to 01 to 02 and L 01 BA = L. BAI 

:. BAl = 45" and L BAC = 90" 

8. 	 For convex mirror 

Iml < 1 for any real object 

Now, Vimage =- rn2 Vobject ~ I Vimage 1< I Vobject Ialways. ' 

Cair 3 108 . . 
=. x = 1.59. Now J.l J.1 :2 x 108Cmed 

R 

As f = -'-1 (Plano convex) 


11

where R = Radius of curvature i.e. the radius 
of that sphere of which th~given lens is the. part. , . . 
:. In .6. OAC ~ R;! = 32 + (~':"1)2 R2 =32 ... R2 - 2Rt + t2 

9+0.09 
R= = 	 (t= 3 mm)

2xO.3 

9.09 _ 90.9 = 15.16 

R = 0.6 - 6 


R =15.2 .cm(approx} 15.16 =30.32cm or,
f= 1.5:'::'1 . 

POSition 2 
, 

v . ,I 
~ 

u o I+--······..··-···....·..·-··..··....·----·---·..l..··--···..··-..·--+ 
10. 	 . , 

Principal axis .1 ............_....__.........._..__..:............-..:"'"1

+-"-u--'-" i, V . 1 

i 
Position 1 2 I 

V 11 U 12 . V 1 
For first & second position - = ° ' - = '-0 => "":'2 = -I' =4.84 u v U2 

V 
- = 2.2 and V + u =96 ~ v = 66 u =30 u 	 ' 

o v 11= - 2.2=- ~ AisTrue 
,2I u . 5 

'C' 

1.= 30Acm (approx) 



<
C 

-'., 
_. 

AnsHters,&,soiulitJn5 (Section-II: Physics) 	 it) JEE (Advanced) - RRB c.Q 

Distance between tWo position of lens, = v - u:= 36 Om => Bis True 

uv 66x30 
Focal length 01 lensi: -. -. -. '=20.63 => C is False 

u:+ v 66 +,30. ' 

Distanc.e o1.lens from shorter image·=u= 30cm => D is True 

S=n-2c.""""""" ",, 
. , 

i=90 i 

I)r'
l 


11, 


~ :. 
r·:··
:.'. 

r-

+--12 
I.

12. Let the bubble B is at distance H from theface F1 ofthe cube. 

\ 
/ 

nc sin i = na sihr 

,/ 	 na 
h = -H = 5 em" 1 nc 

F,' 'F2(" 
"- Similarly when looking from opposite face F2, 

( nc sin i = na sin r 
\. 

na 
h2= n(12-H)=3cm. Solving H = 7.5 cm and nC ::; 1.5 

.c . 
( . . 21t 

13. 	 Path difference at pointO is d sin a = 0.5 mm corresponding phase difference, D.~ = A. x D.p 
( 
\ 21t(0.5x10-3 ) • 

= 5000 x 10-10 = 20001t = 21t X 1ogO. => 0 is a point correesponding -1 OOOth maxima. 

The point at 1 m beloi"vO corresponds to central maxima. So, 4 m from 0 will be maxima position. 

( 14. In case x no fringes are formed because light passes the slab normaly & in case y fringes are obtained. 

c 	
Lld/

Suppose for pOintA 'f' is' such that it satisfies the condition for bright interference. The same 't' will be 
, present throughoLJt.~h,e line A~'& the~~fore. the lineM' wi!' be pright ,&. a bright line. will be seen. The., 
·sa,meappli~·s, for,dark'iin~s'j·.jence'fring~s:a~e' straigMiirie .' .' . . , ", ' .. 
" . 	 ' ... '-. ..-' , " . ,,"',' . 'r "'" i.'.. -, '. ., . " 'r :" 

( , H)~<" . 'No interference is obserVed abbveY= O. Tnereforeycoordinate of second order bright beldwy = 0 is 

( 	 ~Dl [5000J2)(10_10)(1] 
y=-2P =- 2,L = 2)( J2 =-500 ~m. 

2d 	 '.' '2x10~ .C 	 [
16. 	 The region in whichinteference pattern can be observed is OP. 


OP= AP I:;j 1 metre. 
C 

C 17. If phase difference at pOintp is zero then . 	 . 
:. ~- ,',' , .n, d sine = n2d sine':::;.e'::: 37 0 


y 3 ;:'~.t
~I·· 
and as tane' = D :::) y=--m

( 	 4 
It is negative because upper path in medium n2 is longer than lower path in the same medium. 

", ':_\f:::..ornance, '<,,; 
tomorrow 	 . _, t~\"?,, ':.~ 
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18. 	 Path lengths in medium 2 are equal for pointO. Therefore 

path difference =d sinO 


4 
dsinO 3(0.3{i) '. 2 	..... 

), =0.3mll) A = 3 =0.36mm . . 'Ap.= .1C 	 "A+= ~'Ap'11'\ . , n2 10 ' 
A99 

A~ 	 21t X(1X.!)( 4/3)_ 101t . ( 41t)_1 = 10 +10 + 210 cos 21t +""3 - 100.3C~/~) 2 10/9 - 3 ~ 

1 1 
-=19. f v 	 u 

Here v = 2.5 (Distance of Retina as position of image is fixed) u = - x 


1 1 1 1 1 

-=-+- . .. =-'-+For f: 	: x IS minimum f. 2 5 25f 2.5 x min 	 mIn • 

1 1 1 .... ----+20 	 For f : x is maximum f - 2 5 00• max 	 max • 

sin i b
21. 	 By snell's law n =-.- and n =a + 

sin r 

So, at inclined face angular incidence is same for all ray and refraction is from denser to rarer. So 
emergent angle will be less for red. 

F, 

. Image (real Image (Erect, ......•• ::: •••• ~ enlarged, erect) 
(II) ~I'''''') ,'" ".22. 	 (A) 

F,' ......... 


(e) ;;'d:-;'.~ 	 (D) 6-4,...' r' I 

23. 	 By using {~- 1)t :: nA, we can find value ofn,'thatisorderof the fririgeprbdticed at P, if thafparticular 
strip has been placed over any of the slit If'tWo strips are used in cOhjuCtloh (over eactl:6ttier), path 
difference due tOE?achis added to get net path difference creatt'.ld. If two strips are used overdifferent 
slits, their path differences are subtracted to get net path difference. 

(~1 -1) t1 . 
Now n1 = = 5 =4.5, A n2 . I : 48 

and n3 = 0.5 . . 38 

For (A), Ax =(~B =1 )tB 30 


= (1.5-1) 2.5 =nA 
1'28 


20 
order of the fringe is 4.5 Le. 5th dark. 

for {B}, Ax =I{~A -1)tA- {~- 1)tB I .I::~: 
Ax = (1.5 -1)5 - (2.5 -1)1.5 =nA 	 . . 18 

:20
net order is 5 - 0..5 = 4.5 

Le. fifth dark. 

-1---28 
30 

-1---38 

http:creatt'.ld
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for (C), Ax = 1(IlA - 1)tA- [(Ils - 1 )ts + (Ilc - 1)tcll 

net order is &.... (0.5 :r- 4:?l =.9 

Le. it is central bright again at P. 

for (0), Ax = I{IlA -1 )tA + (IlB''''' 1 )tB - (Ilc - 1)10 I 

net order is (5 + 0.5) - (4.5) =1 


Le. first bright 

c; 24. Lets find out the radius of curvature of equL convex lens. 

-
1

=: (Jl-1) (1---(1) 
~ ...!. = (~-1) (!)' ~ R = 10 cm. f R .-R 10 2 ' R 

Now 

for lens: 


1 	 1 ---=- ~ -= 
V -20 10 	 V 20 

~ 	 for surface of ttl be (of R = 10 em.) 
r R=20cm 

Jl2 Jl1 Jl2 - Jl1 4/3 1 4/3....,1" ---=--- ~ ---=--	 +-2~2"1__. 
( V u' R V +20 '-10 

" ,II ---"---J~ 	 V=+ 80cm. 

" 
Now for 'mirrors. 

As the object for the mirrors is at 20cm so the image will be at 20 cm only 


( 
\ u = - 2 f ~ v = - 2f also. I, ....____}. 

: 2mm 
( 	 YI -v ---+----- -

~ magnification =m = 	- = - : 

You 
 --"-1..------

( 2~;-- -----J-
~.;...--- -

, I, 
r 

~-- (-20J" ~ -(1mm) -20 	 , I,_~ 
I ~ 2 m;;:l:.,: 

-+---- . 
~ Y1 =+ (1 mm). So, the final images a rEf like. 


( so the distance between the images is 4 mm. -2~~~~-:~:~

\~ 	

I-g, 

25. 	 Velocity and acceleration of central maxim urn = velocity and acceleration of screen 

[,: it does notmove.tp theleftorright onlhespre~m.l _, ' 

vscreen = () + gt =100 m/s'" '" '. 


c :.Vs = 100 1m/s (in vector fprrn) and as = 1 oj A,nj~ ,4 
r
"'-- 26. Solutions: Given,vf = 10 mls (~) 

V, r 

al( 2mH 2mI )~( 

V,
Vi +vf =13 Vi =13- 10 = ~ m/s

Refraction from surfaceAB (objectl1) 
 - - 1,

C 3!..3. __1 :::: (3/2}-1 ~ ~ =! _2- =~ 
- )~ v=2

9 
v -6 1 2v 2 6' 6 

L 
,-- dv n1 V 4 du - 1(9/2)2 

By dift. of the, image formula; -dt' =-,---2'd't => 3 :::: 3/2 x 2 Vo => Vo = 8 m/s. Ans.C n 2 U " ' (6) 

C- 27. R =10cm 

( sine 3 
Applying snell's law => r = 53°sin r = 4' 

c 
L 

;c,; ~;;".:'>; 

"c 

http:notmove.tp
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sin(r 0) sin(lt r) 10'+x 4 
By sine law in ~ ABC 

10 - (10 + x) ; 1() = 5 (sinrcosO-cos(sinO) 

4 200 200 - 70 130' '.' . . 
10+x= - => x= = -.- =X/7cm··SoX= 130Ans7 	 7 7 '.' • ,.'- 5(~X~ -~ x~) 	 ;: 

5 5 5 5 

28. Path difference at P 	 A 
Ax:=:=_~.P - BP 
for maxima AX nA

nA= Jx2 +(4A)2-X 

(n A +x)2 = x2 + 16A.2 
n2A2 x2 + 2nAx = x2 + 16A2 

16A2 _n2A2 

x= . 


2nA 


n = 1,2, 3 are possible sol. 


29. 	 Using formula of spherical surface taking 'B' as object 

!l2!l1 !l2 -!l1 !l1
(R being the radius of the curved surface) 	 => - =2-;-- (-2R) = --=-R !l2 

1 1 1 20 
-=---30. = f => 	 => v = cm v u v 10 -20 	 3 

20 

I=-~xO =lx1=~ 
u 20 3 


The distance between tip of the object and image is 


20)2 (1J2 /6404
S =,/ (20+"3) + 1-"3 = ~-9- cm 

'!.~. .\ 0 1cm 

PART TEST - 5 : ELECTRODYNAMICS (CLA~.~ XII) 


1. (D) 2. (B) 3. (C) 4. (D) 5, (B) 6.. :(<4 7. (B) 

8, (AC) 9. (BO) 10.,(ABCO) 11. (BO) 12. (ABCQ} 13. (BO) 14. (ABC) 

15. 	 (C) 16. (C) 17. (B) 18. (B) 19. (C) 20. (A) 21. (A) 

22. 	 (A) 23~ (B) 24. (9) 25. (2) 26. (8) 27. (5) 28. (6) 

29. 	 (8) 30',' (32 

SOLUTIONS 

kl>oA 	 21>0 A 1>0 A C1 C2v21, 	 u= 1c
2 eq . C1 = d/2 = (d/2) C2 = d/2 Ceq = C1 +C2 

1>0 A)' 1>0 A. 
2m Xd72 _ ±1>0 A . ( 	

~(~ EoA)V2 _ 3.(I>OA)V2
C= I>A -3d' U = 2 	 3 d - 3 deq 	 3-0_ 

d/2 

.'., ..f~essnanc:e 	 .'.' ....... \~
··.t-;'~lSc;sthill. for better tomorrow.'" , 
.-:.-..:.;;;.:.,;.;:..", ;~-~;'-:; . • 
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" Q
2. 	 Charge on the differential element dx, dq =-.dx . . .... ,. I 

equivalent current di = f dq 

:. magnetic moment of this element 

(' dJ! =(di) NA (N = 1) 

Ci 	 2). Q ~ dQ it 2= xX 	 ,f-dx => J!= dlJ.=- x dx .( '£ 

V 
e 

3. 

'- Vpg 

l 0' 

f.-.-. ------..---.
. k ~ 
V(p--cr)gtl!J

Fe Fe /k 
= V(p-a)g => k= 

Jii<) 	 ~JEE (Advanced) ,RRB 

9 

ro~?p,,/f 
1 .fJ.=,-xfQf2
3 

.( 

2.4 
-	 15 

/' 
tane = Vpg 	 p-a - 2.4 -0.8 = . 

" 
"-
,r' 

4. The magnetic field at point P is 81 + 82 where 81 and 82 are magnetic field at P due to wire 1 and 2, 

r 
\. 	 - fJ.o 21 .' ~ B1 = -4- (cos9 i +sIn9j)x r 

- fJ.o 	 21 '.
B = -- (-cose':l + sine j') 

( 2 4x r . , 
\.. 

where r2 = x2 + (d/2)2 
field is along +y direction at point 
P and its magnitude is 

:/ 

fJ.o 41, fJ.o 41 X ' 

B =4x -r slO9 = 4it [x2 + (d/2)2] 

lY 
B B ... 2 ... 	 1 

" I 	 V(.v90-S i... 

_.....-.......•.;::........ 


B is max when 

5. 	 Let electric field at point. 'p' has both xand y component. 
So similar electric field will be, for other hemisphere (upper half). 
Now lets overlap both. 

( 	 o{ 
" 

e ~ 

(Enet)p = 2 Ex and it sh~uld be zero (as E inside a full shell = 0).c So Ex =0, So' electric field at 'p' is purely in y direction. 

C 6. 	 When the rod rotates, there will be an induced current in the rOd: The 
giyen .situation can be,treated as if a rod 'A' of length '3l'rotating in 

e . the clockwise direction, while an other rod '.8' bf length '2£' rotating in 
. the anticlockwi,se dir.ection with same angular speed 'm', ' 

c 

.• 
As •. e = -1 

Bml2 ' For 'A" e = -
1 

Bm (3£)2 => For 'B' 2 •. 'A 2 ' c 
. , '" . ' 1 "2 

. Resultant induced emf will be ; e=eA + e8 = 2' Bm£ . (9 - 4)· 

' ........""..
'. i~es".. ,·~na·n··ce"'~ 

dB 
dx 

IV 
') x 

= 0 i.e. at x = d12, 

~ 
'. " 1. 

: e8 =2' B(:- m) {21J2 

5 .=> 	 e= ..- Bm£2 
2 

'.'" '; ,;,J~,:" 	 , "."._.•.._.~'::. _, . 1ir.;:fgil~~"ngJor better.tomorrow 	 . ~ ,'" .~ 

c 

c 
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7. 	 From symmetry, the current distribution in branches LP, MP, NP and OP are as shown in figure 1. Therefore 
junction at P can be broken as shown in figure 2 

A B ~ A a 

1.5r 
~ ~A B 

Hence equivalent resistance is 3.5 r. 

8. 	 Net charge on both the capacitors is = C1V - C2V 

The effective capacitance of system is C1 + C2 because both are in parallel. 

Qeff (C1 - C2 }V 

Therefore p.d across the system is C + C = C + C
 

1 2 	 1 2 

1 . ... 
Initial energy=-(C1 +C2 }V

2 Final energy =.!.(C1 +C 2>(C1 -C2)V]2 
. 2 2 C1 +C2 

, . "'2 

Therefore ratio of final to initial energy is =U~: + ~:~J 

9. 	 Equivalent circuit: 

. .. [Booa2
) 

Induced emf e = -2- ( .... Radius = a) 


By nodal equation: 


(x~e). 	 (~)_nodal r/4 + r - 0 


5X = 4e 
 x 	 (iI) 

. 4e 	 2BO)a2 X 2BO)a2 
~ 	 X = - = and 1=-- =- 

5 	 5 . r 5r 

also direction of current in 'r' will be towards negative terminal Le. from rim to origin. 

Alternately; by equiv;alent of cells (figure (ii)) : 

e 	 4e 
1= r 	 5rr+

4 
2A R 

x-J...M!W\-l I--J\MM,-1x 

10. 	 after redrawing the circuit 

(a) 14 = 5A, 

(b), (c) From loop (1) 


R2A 	 WA- 8(3} + E1 - 4(3} =0. ~ 
4.000 

~ 	 E1 = 36 volt 
from loop (2) ': . 3.00At (3) (2) 7A ..J.....-+ 

2,Oon; 10V+ 4(5} + 5(2} - E2 + 8(3} =0 
____~~_L~~__~L:~__ _

E2 == 54 volt 4,000 SA 

(d) 	 from loop (3) 

R= E2 -E1 .= 54-36=9Q- 2R- E1 + E2 =0 '2 2···· 
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11. 

,-, 
\. 112. 

; 

" 

( 

r 
\ 

( 13. 
(' 

\ 

, 

'-~ 

( 

" 
,c 

" 
( 

(. 14. 
/ 

( ~ 15. ~ 

C' 
( 
\" 

, 
\ 

( 

c 
( 

l 
r ' 
\,. 

The x..component of velocity, being parallel to magnetic field, shall remain unchanged. 


Thecomponentof velocity perpendicular to x-axi::;will always have,I1l~~.nitude VOY' , 

and at any time t it shall make an anglee =rot with y-axis as shown. ' ;', y 


•• - '. El=rotIk:. y-component of velocity is'Voy cosrot and ~-component of velocity along negative 
" J 9 .~, 1'\..". 

,t :,,' B ~.. v 
I f oy. .z-direction at anytime t is Voy sinro t. Where ro = ~ ". . ".' . .. . .... - ..... 

Vo =IoR = 1() x 10 =100 volts (since, 10 = 10amp from figure). Also I::: Ioe- lIRc 

10) _ ~ Taking in ; in -I - RC =>( C = Rln(IolI} 

2 2 2 
At ; t = 2 sec, I = 2.5 A => C=--=C = "'-(10) => 10ln4 10)(21n 2 = 10ln210ln 2.5 ' , 

1 

1 1 1 ( 1 ) 500
C = 10£n2' Heat produced = 2'cv2 = 2.10£n2 (1002) = £n2 joules. Hence (C}is oorrect. 

RC 10 1 _ '_,_1_=I 2 R e-2tlRc = P e-2URCP =f2 R 00, => Time constant =T = 2" x 1Oin2- 2in2 

For given condition: 

Magnitude of Bsolenoid = Magnitude of BlOOP 

Total no. of turn 1300, '_ I 1 8xO.65~oI 
1- -x- = " ~oni = 2R here n = Total length = 0.65 ; 2R n 2xO.02x1300 =100 mA. 


For given condition: 

Total magnetic field at the centre of loop 


= IBlOOp1+ IBsolenoid I loop = IBsolenoldl
IBI 

4 10-7 x8. -5T2 x !loI 2x .1tx. " '=161t x 10 .= 2lB,oop I = = 2R 2 xO.02 

Charge is distributed over the surface of conductor in such a way that net field due to this charge and 

outside charge q is zero inside the conductor. Field due to only q is non-zero, 


15to 16 

For t= Olo to = RCsecOr'ldsithEfcircl:1it is of chargingitypei Jhe,chargingequation forJhisJirneJ.s 


t 


q='CE(1-e-RC ) 


Therefore the charge on CQpacitor aHime '10 ='RCiSqo=CE(t-';} 

For t = RC to t =2RC seconds, the circuiUs 0,1 qischargingtype, The charge and current equation for 

this time are' . , ' 


1-10 ' ' , _I-I. 

and - i ::: ~~ e-Rc . Hence charge aU = 2 Re and current at t =1 ;5,RC are 
q=qoe RC 

j. 

2RC-RC 1 
q=qoe-~ = qO:::---,CE(1-.!} .q~,•. ".""""",

.: , '. . . e e e 

1.6RC-RC E 1 ' , ',,'. '" , ,t'. q - q " 
and 1=:_0e RC = CO = c (1--) respectively 


RC "eRC "eR e ' 

Since the capacitor gets more charged up from t =2RC to t= 3RC than in the interval t=O to't=RC, the graph 

representing the charge variation is as shown in figure 


c 
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18. 	 17 to 18 i2 =0, il = 0.1A 
i1 = 0.1A. E2 = 4V. i2 = 0 

As; 0.1 R1+ 0.1 R2 - E1 = 0 

0.1 R2-4V= 0 

R2 =40 Q 


Now; i2 = 0.3A. i1 = 0.1 A, E2 = 8A 


Now; 0.1 R1 +E1 - 8 = 0 
 O.2A 

0.1 R1 + 4 - E1 = 0 400 
0.2R1 -.4 = 0 

••'~.",,, • " ~1 ._ ....'. ~ 

4 
::::;> 	 R = - = 20 n ::::;> E = 2 + 4 =6 V 

1 ,0.2 	 1 

19. 	 Inside the cylinder ,,-/"---- ......... 

I' ... 

; .... 

B.21tr =/lo' -\-1tr2 	 I, 
I ' 

' 
I 	 \ 

1tR 	 I I 
I I 
\ I 
\ I 


B = ~.r ". (1) 
, I 


21tR2 ............. . , I 

.... r I I 

.... .... J ,; 
.... _-_ .... -' 

outside the cylinder 


B.21tr =/loI 


/loI
:. B = 2n:r .............. {2) 


Inside cylinder B (l r and outside B (l ! 
r 


So at the surface equation of magnetic field changes. 


Hence clear from graph, wire 'c' has greatest radius. 

20. 	 Magnitude of magnetic ,field is maximum at the surface of wire 'a'. 

21. P-1, Q-1, R-1,S-3 

(A) Uniform electric field exerts constant force on the charged particle, hence the particle may move in 
straight line or a parabolic path. ' 

(B) Under action of uniform magnetic field, the charged particle may move in straight Iinf3 when projected 
along or opposite todirectiQnofmagnetipJield.:The chargE;d partiGle.mqYf3s in,cir.cl~ ~r~ilit \~.projected 
perpendicular to the magnetic field. If the initial velocity of the charged particle makes an an€Jle between 0" 
and 180° (except 90°) with magnetic field, the particle moves along a helical pathohmifoqn pit~h. 

(C) If charged particle is shot parallel to both fields it moves along a straight line. If the cha~ged particle is 
shot at any angle with both the field (except 0° and ,180°) ,the particle move:; along a helixwith ~cm-uniform 
pitch~ 

(0) from results ofA and B all the given paths are possible: 

22. 	 (P) 3 (Q) - 4; (R) - 4 ; (S) - 3 
By'symmetryVB=VF 
No current in the resistor joining B and F and 
in similar resistors like between G and B etc. 
The currents are assumed as shown in tlie figure 
~sing symmetry. , 

Applying KVL alongDBCD, we have V 0 - i/2 
R-iR+E+2E=Vo 

5,;,ii= 2EJR 

http:in,cir.cl


I 

Answers & Solutions (Section-II: Physics) ro.: .JEE (Advancetl) - RRB. (;:Q 

23. (P) 3, 4 (0) 3, 4 (R) 2. 3 (5)1. 3 
(A) Because the magnetic field is parallel to x~axis, the force on wire parallel to x-axis is zero. The force on 
., . . . ..' .' i ' . :. :......: .:..,.; .. ;.. " .. :: '. ... ... ,':, . 

'each wire paralleltoy;"Clxis is Bo2"l. Hence net force on loop is Boil. Torque of both the forces is canceling 

each other. 
( 
\ '(8) Because the magnetic field is parallel to y-axis, the force on wire p;araliefto y':'axis is zero. The force on 

each wire parallel to x-'axis is Bolt. Hence net force on loop is Boil. Torque of both the forces is canceling 
. 2 . ':. . .' .'. '.. " 

each other. 
(e) Since net displacement of current from entry point ,in"theJoopto exit poinUn the loopi~,along.jhe. 
diagonal of the loop. The direction of external uniform magnetic field is also along the same diagonal. 
Hence net force on the loop is zero. Torque of both the forces is canceling each other.:, 
(D) The net displacement of current from entry point in the loop to exit pOint in the loop is along the 

diagonal ( of length .J2f.) of the loop. The direction of external uniform magnetic field is alsoperpendicu
/' 

larto the same diagonal. Hence magnitude of net force on the loop isBoi(.,fil ).Torquebfboth the fofces " is canceling each other. . 
( 

,24. Electric field atP is 

( Qx 

E = 4nEO (X2 +r2}3/2 Q 

. . flo 21dr2 2n Qf r2 r '.', ", ,.( . X' . PMagnetic field at P IS B= -4 (2 2)312 =4 .. 

( 

"".' , n x +r· n 
( f := frequency of revolution, ~

B2( 
'Electric energy density:= -i EO E2 Magnetic energy density 2 

flo 
f 
\ 

1 
-EO E2 2 2Electric energy density 

( = 2 '= x c 9 10 9B2 ='magnetic energy density 2~0 4n2 f2 r4 = n2 x 10 =9)( 10 

( 
= X x 109 SoX= 9 Ans. 

( 
25. When S1 is closed current in inductor 

remaihs i = ~ , . . ' ,. 2R' 

( 8 - V1 .. 8 - VI 8 .~ v, 2R· 

( 
-----"..' + := - (V _28)=>

R" 2R 2R 1 3" ,~'J='G,28 
( Potential difference (V1) = 0.0· 03 . ~. ~ .:.,: ~, :" 

( di 28 di 2E . 2x3 
L-=And dt = + 3 L = 3 x • --~ =2000 Alsdt 3 

C 

C AI2 ,A12 
,A

A.'dI2 = d K>=4 d/2'_'26. - = C'LJC'( 
. . lsB . ~ l 

A/2 _ EO A/2 _ 4EoA 13 EoA
( e1 = e=e1 +c2 = 10 '-dd ' e2 - d/2 d - 5d 

k 2 

;~eSGJRanc:e . ';.' .1!E~u.callng for better tomorrow "~~;;)',r . 

-+-

•••l 

( 
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27. Current in the element = J(21tr . dr) 

Current enclosed by Ampe~ian loop o~ radius "~ 

2
an 

JJor 	 (a)3 
1tJ aI = , -. 21tr . dr = - =_0_,._ 

o a , '21tJ ,2' 12o 
3a 

Applying Ampere's law 
2 ' 

"'2'" ,a.," 1tJoa, "S ,~-1!040<;l",S'. 1t. 2" = ~o· ~ =:> = 12" 
On putting values ' 


S =10 ~T 


28. 	 The current leads in phase by (.: Xc >, XL ) 

,= 37° 

. 10 cos (100 1tt + 37°) tan.p ==Xc -x" =~1= 	 =cos(1001tt+37°)
Z 	 Xc-x,,==6 R 4 

The instantaneous potential difference across A S is 


=1m <Xc - XL) COS (1 001tt + 37° - 90°) 

= 6 cos (100 1tt- 53°) 


The instantaneous potential difference across A S is half of source voltage. 

=:> 6 cos (100 1t t- 53°) = 5 cos 100 1tt 


1 24 
solving we get 	 cos 100 1tt = ~ , ' "2 = 25 

1+(7/24) 

24 24 
instantaneous potential difference = 5)( 25 =5 volts 

29. From given conditions, 

K(0-Q1) +- Kq2+ kq1 =0
VA=VcandVB=O =:>VB= 3a 2a 2a 

=:> 20 + q/+ 3q2 =a .... (1) 


UsingVc=VA • 


K(0-q2) Kq2 Kq1 Kq1 K(Q-q1) Kq2 
--=--~ + -+- =-+ +-=:> q1 =- ~ .... (2)3 a 3a 3a a 3fi 2a 

8 
Using it in (1), Q2 =- 1'10' 

30. Let the eq~lvalent resistance of one infinite ladder be x. Then the complete network reduces to 

, _ xx3x 3 

RAB---:::::-x 
 SOx,c'x+3x 4 

'I 

I 

R = 2xx2x =xand 
AC 2x+2x : x 
RAB 3 x 0--=Hence 4RAC 
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PART TEst - 6 : MODERN' PHYSICS (CLASS XII) . 

1. 

8. 

( 
15. 

22. 

C) 29. 

1. 

f 
\. 

i' 
\. 

C 

2. 
( 

( 
\ 

f 

\. 3. 

( 

4.( 

(
\. 

(j 

C 
5. 

(: 

( 
6. 

7. 
8. 

( 

c 
c 

9. 
c 

(B) 2. (B) . 3. (A) 4.. (B) 5 . (C) 6. (B) 7. (B) 

(ACD) '9. (ABC) 10. {BCDT 11. (AD) 12. (D) 13.. ' (BC) 14. (BC) 

(C) 16: (0)' . 17> (0) 18.··· (D) 19: .' (8) 20. '.' (C) 21. (A) 

(D) 23. (C) 24. 3 25. 28. 26. 6 27~: " 55 28. 4 

8 	 30: 8 

. SOLUTIONS 
Rate of decay ofA keeps on decreasing continuously because ?>ncentration ofA decreases with time => A 
is false 

Initial rate of production of B is 1.1 No and rate of decay IS zero. With time, as the number ,of B atoms 
increase, thel'ateof its prOduction decreases/and its rate of decay increases. Thus the number of nuclei of 
B will first h,cre~se and then>decr:ea.se => B is the correct choice 

The initial activity of Bis zero whereas initial activity of A is A1No => C is false. 


A~ time t ~ 00 : NA = O.N~? 0 and Nc = No=> 0 is false . 


h h 


. E =~ kT & P =.J2mE =>1. =P=~3). h 


2 	 de-8roglie V2mlikT) => Ade-Br091ie =.J3fl1k·~ 

Substituting values: Ade-Broglie =0.63 A 

hc 	 hc
hc =5eV +$ 	 2hc = 4eV => $=. 61.=> 31. = eVo + $ o	 => 31. oA 

. h 

Change in momentum due}o photon = i 


h' 'nil 
F =rate of change of momentum F =n - = ma => a =- .

A Am 

dN) l 2 _tn2.2- . . n N 1(: .dt A (AN)A T' 0 ~ • 2x2:-2 

-:-(-d:-N':-')'"'"" =-(A-N-)-a = ln2. _tn2.2 = -T-1- = 1 


dt -;No·e 2 , ;.-/ 


. a 2 

Mass defect =(238.05079 - 234.04363 - 4.00260) u = 4.56 x 1er3 u 

'= 4.56.x 10.,-3 x1.66.x).0-21 = 7.57 'x 10--30 kg ; .mc2 = 7.57 x 10-30 x 9 x 1016 = 6:fr~ 10-1:f J 

The correct statement in nuclear force is not a central force. 


Given. A = 0.173 


In2 0.693 

T1/2 = T = 0.173 ;:: 4 


1 	 No 
Also, No - N = No e-At => for t = 0.173 year: => No - N = ""i r; 0.37 No 

hc
A.min =--621eV - . pm 

c 

http:decr:ea.se
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10. 	 In ground state ri = 1arid,for,first excited state n= 2 •. ".; ,I, ' 
• f - '. .. • . ; • ," 	 . ,. " • 

1 e2 ' 14.4x10-10 

KE::: 41tflo 2f (z = 1) ='" 2r ':"eV (.: r =0,53·n2N (z ~ 1» 


14.4x1o'~10 .,' ,14'.4x10-'-10 . , 
(KE)l = 2 xO.53 x 10.-10 eV =13.58eV and. {KE:)2::= 2 x 0;53 x 10-10 x 4 ev= 3.3ge" 

KEgecrease.s by = 10.2 ev ' . .' . '. 

, PE increases by = Excitation energy + Loss in kinetic energy = 10.2 + 10.2 = 20.4 ev 


. nh h 6.6x10-34 

Now Angular momentum;, L = mvr =-2' => Li '..L1 = 21t = , 6.28 = 1.05 x 1()-34 J-sec.. , '. 7t 

)' 

1 t 112 ,·· 11. 	 As I= t'n2 => t(l~)A > t(ll2)B ,AC!1vity , Activity of B decreases 
rapidly ,than tqa~QfA 

aU =60 min. 

=> 	 AANA:: ABNB . => NA >NB 

Activity curvesare ' (Tl12 {A) >Tl12 (B» 

12. 	 lionization energy = 13.6 Z2 eV 

:. (Ionization energy)~> (Ionization emergY)B 

=> ZA > ZB ' 

Asu«:Z => '"UA>UB 

13.' 	 Kx-ray is emitted when electron jumps from outer shell to K shell. This isequivalentlo hole jumping from 

K shell to outer shell. 

AK< "" 

14. 	 Magnetic field at centre' (site of nucleus) 

f '. ' 
B = llol = Jloqf =Jloq~ => 8al and 8 a v , 2r 2r 2rx 2rcr ] r 

1 8 1' (2)5
". (Since; n1 == 1 t() n2 = 2) , 81=32828. a .,5' " 8

2 
= (1)5 . . ". . 

h' , ,',... . ...'. ',' . h 

Also, mvr=n. 27t ,therefore angular momentum is d~creased bY27t' 


. '-. f 

" A' _ 2:85x10-12 x10 	 915. ,Q = CV· ne= ~v., => 	 . n - 0.5x,10-3 x1.6x10":19x16 n = 8.85 x 1.0'd 

16. 	 P = n~c wheren_= no. of Ph~tons incident per 'unit time .. 

P = IhC A = {2 x 10-6 ){6.6 x 10-34 )(3 X 108 
)

Also, 	 1= ne => eA 	 (4 x 10-6 ){1.6X 10-19 ) 

9.9	 7 9900 A 'A .,... f I' = 1.6 x 10- m = 1Jf" .=6187. Which came In the range 0 orange Ight. 
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17. Total energy released from Au 198 ~ Hg198 in ground;state, 

= (flm1oss) c2=(197.9682 -197.9~62) (939)=.1.86 MeV 

Energy released from 198Hg in first excited state ~ Hg in ground state 

, = (-1.6).- (-2) MeV=O,A MeV 

(: 
=> Energy released from Ag198 ~ Hg198 second excited state 

C) 
= 1.86 - 0.4 = 1.46 MeV = max. K. E. of (32 particle 

18. Similarly maximum kinetic energy of (31 particle = 1.86  1 = 0.86 MeV 
() 

C' 19. Fz = 
dB 

!lz· dzz = (9.3 )( 10-24 J/T). (16)( 10-3 TIm) = 1.5 )( 10"'-2!! N 

r, 20. Energy change is !lB )( 2 as the spin is completely flipped. 

9:) JEE (Advanced) - RRB c.Q 

I.:: 

flU = 2!lB = 2)( (5.8)( 10-5 eV/T) )«620)( 10-3T) = 7.2 )(10-6 eV 
I 
~ 

21. (P) 1,3 (Q)2,4 (R)2
r 
'

.!lo' ' . 
C r.n B = -21tr where 'eq 

I 
~. 

' (5)2,4 

q.e , ' !loe v v (z/n) Z3 __ = '____ B=---ex;-ex; , ex;- T 21tr/v => n541t2 rl! " r2, " (n;! Iz)~ 

(.9.)(nr2),= ~e1tr2 ex; rv ex; [~J (t)Q. Magnetic moment M = iA = 
T 2nr/v z n( 

h 1 n 
(, RA= -ex;--ex;, . mv (z/n) z 
( 
'\. L nh 121t

5. Areal velocity =-=--ex;n
2m 21t 

r 
\. 22. (P) 1 (Q) 2 (R) 1 . (5) 4' 
( 
\. 23. (P) 2,3,4' (Q) 2,3,4 (R) 2,3,4 (5) 1,2,3,4, 

P. In the given spontaneous radioactive decay, the number of protons remain constant and all ( 
conservation principles are obeyed. 

C Q. In fusion reaction of two hydrogen nuclei, a proton is decreased as positron shall be emitted 

in the reaction. All the three conservation principles are obeyed: 
C R. In the given fission reaction the number of protons rem~inconstant and all conservation principles 

are obeyed. C 
5. In beta negative decay, a neutron is converted into apr~ton and fhe eleCtron is ejetted-out. 

( 
24. In one half-life the number of active nuclei reduces to half the original number. Thus, in two half-lives the 

C 
number is reduced to (~) (~J of the original number. The ~umber of remaining active nuclei is, therefore,

C 

( 12 )( t018 )( (~) (~) = 3 )( 1018 = n )( 1018 So n = 3 ' Ans. 

C' , 

25. The volume ofHquidin beaker at any instant of time t is 

V = 100 + 8t C 
The volume of liquid ejected in t seconds is 2t 

C Number of active atoms being taken out is 

( dN '2N' 2N 
or 

i 
-dN = ~ 2dt dt = V = 100+8t 

\.... 

C 
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multiplying both sides with disintegration constant. 

-AdN = AN 2dt or -dA=A 2dt
V' 'Ir' 

where A is activity of the solution. The time taken for 10 mlsolution tocdineout is 5sec6nd. 

(t)
1/4AIdA Sf -2t 


or A = 100+8t dt or A=Aa 

,Ao 0, 5)1/4] , 
required activity of the ejected solution is A - Ao = Aa [1-(-:; whereAo = 50 dps 

12400 
26. 	 Energy of incident photons =2000 eV. 

, ", " 12400 
maximum kinetic energy of ejected electrons = 2000 - ~ 

12400 

maximum kinetic energy of electrons striking plate B = 2000 - cjI + 10 


" , 12400 

minimum wavelength of ·photons emitted from B = 1000 


12400 12400 

~ = 3.8eV 
2000' - ~ + 10 = 	 1000 

"t~ ,A = hc. hC. 	 ' 
27. min 20000e ,Amin - 10000e given 4 (A." - Amin) = (A" - A'min) 

hC 

=:> 3).a = 4Amin - A'min =:> =:> hC = 30000 e 


A" = 30000e Au 
By using the fOrmula of energy ofelectrons according to Bohr's model and considering shielding effect 

/s100
30000 = (13;6)(1~ ~2~) (z -1}2 =:> z-1 = 100fi7"7 43.4= 54 =:> z= 55 

'[1 1]
28. Using

'1'i 	= R(z _1}2 n/ - "12 , For (l particle; n1 = 2, n2= 1 

. 1875R ( \2(3)FQrn:et~'.)\.; ~ = R Z1 -1" 4". =:> ZI = 26 

'Form~faIB; 675R =R(Z2 _1)2(~) =:> Z2 == 31. Therefore, 4 elements lie between Aand B. 

29. Using Mosely's law for both cobalt and imp,urity 

Ii =K (Z -1) =:;.,Jf =K(Z - 1) 

teo Zx-1 -=-- =Z 	=40=:> It ='K (Z -1) and jt~ =K (Zx - 1) =:> A.x Zoo-1 ,xeoA.eo 

_1 _ ZI
30. R (l A113 and here A =2 Z R [fa =:> (h.) = 27 

R2 - Z2 Z2 8 

r1 Z2 8
Radius of Bohr's orbit r (l .! -=-=

Z r2 Z1 27 



c 
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FULL SYLL:ABU$TEST - 1 (XI) 
'<.: 

1. 	 (A) 2. (D) 3. (D) 4 .. (C) 5. (C) 6. (AC) 1. (ASCO) 

8. 	 (ABCD) 9. (ABC) 10. (C) 11.' (A) .12. (B)" 13. ,CA) 14. (Ct 
,! 

15. (B) 16. 5 11. 9 18. 2 19. 8 20. 4 
C) 

C: 	 SOLUTIONS 

/ VOb VOb /
1. 1+ -- => -/ = 1+-V-- (straight line) when -v-- =0/ = /0 ( 

VOb) 	
fo = 1.Vsound 

\ 
r 	 o sound sound 

. Vob 	 /r and as -V-- ~ 1 =>.J; ~2 
sound" Van = 0

[' 

2m£ 2£ 	 , '" .• COM" 2. 	 £ - - +-- f" k, ):< £a. ~ ~ 
1- 2m+m - 3 2Vc> , ~;i "Vo 

--7 :' +-
2£) 3K

( 	 K,£, =K£ => K, (3" =Kl => K, = 2 

( 
\, 

m(2Vo)' ~8mV~ 
(  3K =--Ix, maxi - ,/ 2 3K 

( 

2£ ~8mVt 
f 	 -£+x=-+-Id, maxi -, 	 , max 3 3K
"" 

( 
t t 

fdX 
( 	 .dt JdX\.. 	 dt o o x{t)-x{o) = A(cosx/G-1) = 3AOl (./3 -2)

3. 	 average velocity OJ = t =-t- = t x/Gro X 

~r 

'-	 since particle doesnot change it's dire.ction in the given interval, avera.ge speed =IV! =3~Ol - ./3) 
, 
\.. 

4. 	 Initially the block is at rest under action of force 2T lIPward and mg 
( 	 downwards. When the block i.s pulled downwards by x, the spring ex

tends by 2x. Hence tension T increases by2kX.Thus the nefunbal
( 	 anced 

force on block of mass m is 4kx. 

:. acceleration of tn.e block is = 4kx
"'m 

5. 	 Process AB is isothermal expansion, 
BC is isobaric compressron and in proce.~.s CA 

t 
nRT ' .

Poc -- - P2 0c TP -.- . 

P ':AP·l----zr 

~I _____~ , B 
2 r : ,I 

• I 
i 	 tTf 

T. T. 
4 

f 
'L. 

c 

C 

http:avera.ge
http:Section.ll
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6, Slope of graph is greater irJ'the liquid state Le,'; t~mper.atUre Is rising faster, hence lower heat capacity. 
The transitiOn from solidta licj'lJid statefakes'lesserllfue, tleiice. la'tenffie1it is smaller .. 

7., Y~ 4 sin (1t 1~) c()~ 96 1tt 

1t,' : . . . 

At x= 5 cm, .y = 4sin '3 cos (96 xt) and Ymax= 2./3cm 


Positions of nodes is given by equation . 
':W" ..A_ .....··",:.·

Sin(7sJ = 0 => '15 =nx 

=> x= 15n 

At x = 7.5 cm and t =0.25 sec. 


Velocity of the partiCle =~~ = - 344 x sin (7s)sin (96 xt) ~ 0 . 

8. Intheequilibrium posi,tion the net force on the partiori willbe zero . 
. Hencepr.essure on both sides are same. 

Hencej(A) is correct. . 

Initially. PV = nRT 


P1V1 PV (2P)(2V) PV 

n1= RT1 = RT and n2 = RT =4 RT => n2 = 4n1 


Moles remains conserved. 

Finally, pressure becomes equal in both parts. 

USing. P1V1 = n1RT1 


P2V2:: n2RT2 
P1 = P2 & T1 = T2, 

V1 n1 1 

V2 :::: n2 ='4 => V2 = 4V1 


3
Also V1 + V2 = 3V => V1 + 4V1 = 3V => V1 = -;:V 

12 
. And' V2 = SV 

. Hence (8) and (C) are correct. In compartment(!) ; 

P1' V1 =n1HT1 ,p;e:) =(~~) RT 

5Pv~ 5 
P'=-=-P Hence (D) is also correct 

1 3v 3' " 

9. As V=nl 
. t 25cniinnj'_. 120mV 340 5m 

A. =---: -: 1m '?i ==== 1. v 340 ·45cm! UJl . 
first Resonance length 

. ,1,. 1 '. 
R1 = .-= -4 4 m = 25 cm 
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3A. 3,' 5A. 5 . 
R= =-m=75cm R = -.= m =125 cm 

2 4 4 3 4 4·,···. 

i.e. third resonance does not esta~lish. Now H20 is poured, 

Minimum length of H 0 Column to haveth,e resonance = 45 cm
2

. A.1 .......~~ 

Distance betWeen two succensive n,odes = 2 ="2 ~ =50 cm 

c) &maximum length of H 0 column to create resonance 2

Le. 120 -25 = 95 cm. . 

n 
1fT 

10. . f = 2£~; 

If radius is doubled and length is doubled, mass per unit length will become four times. Hence 
~ 

1 (2T f

( f' = 2 x 2£ f4; = 2.J2 

( 

" . . ' 3 
11. W =·Area under the curve = "2 P1V1f' 

\, P21 ---7i V2 =2V1 


f PI ~ - - -, I 
, P2 = 2P1and P1V1= nRT1" 3 
( VI v2w 2' P1V1 


Therefore: nRT = p V 

( 1 1 1 , 

12. nC L\T = Q =;> nC~T = 6n RT1 

( dT = 4T1 - T1 = 3T1 


n. C. 3T1 =6nRT1 

\ 
(' 

C

-=2
R r 

" i~OO.O)(10.0){700.0) (1.0)(3.0 x 103 ) 


(, 13. S = 80.0-10.0 

t 3.0 1.0 


(' = 3.5 x 103 J/kgOC (According to addn. and multiplIcation n.ile ofS.F.) . 


VIt 

14, If m~ ~ D. Sc ~ 0 
 St = m2 (Of ( 0 )

( 

dS t IN L\I L\t L\m2 L\Of +8.00 0.1 6.1 b.'()1x102 ''cHI11!t"1"' .;.~. ' 


( --=-+-+-,..-+-- + '= --+--+ +"~-r7""'"".= 8% 
\. St V I t m2 Of -90 10.0 10.0 1.00x102 1.00 50' ... 

(, , ,,-, 15. (P) 1,'(Q) 2, (R) 2,(S) 4 

( P.lf resultant force is ~ero. f\YS,emwill be constant. 

O.lf resultant torque.. is zero. Lsystem will be constant. C 
R. !'external forces are absent, both Psys1em and [system will be constant ' .. 

S. If no non conservative force acts, total mechanical energy of system will be constant. 

c 1
16. Since e = "5 

r 
~. 'vcos37° 

:. Final normal component of velocity = 5 

As the angle of rebound is equal to the angle b~f()reimpact. 
( Therefore, both normal & tangential components ofvelotities must change by the same factor. 
\. 

L 
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. . vsin37° 

:. Tangential velocity after impact becomes 5 


. . 	 . (...... . .' '. \/ooS370)
.' 'm' v cos 37°+ '. : :'::', .' .... .... 

. 	 5 . 6mvcos37° 
Let the time of impact be At. N = . . . At '. = 5At 

where N is the normal force imparted ohthe ball by the wall. 

6 Ilmv cos 37° 

Frictional force =IlN = 5 At 


m[v sin 37°- VSi~370] ..J . vSin370 
]

"1vsin37° . 5 = 6 Ilmvcos37° 
Also frictional force = 	 =>

At 	 At 5 At 

2 	 _ 2 3 1 1 x 
-=11 = 3 tan370 => 11-3"'"4=2 => 	 => x=52 10 

17. 	 Since the spool rolls without slipping a = Ret .... (1) 
The F.B.D. of spool is shown in figure. 
for linear motion 

T -f= Ma 
........ ,..., / )T."


and for rotational motion 

MR2 (a)
f.R-T.r= 2 R . For maximum value of T, f = 11 Mg 

, 31lMgR 3x(0.4)x3x10xO.2

On solving T = R+2r . Using values 
 T = 0.2+0.2 =18N 

18. 	 From the frame of wedge . 
The component of velocity of ball normal ;~. ......! ........... 


: ~....to wedge is u.L = 10J3 - 10.J3 sin30° = 5.J3 m/s.-~· : ...... 

•••• 1013!W: edge"'M"2u.L t .... 
,., ....••.• 30 ". 60"Time of flight =gcos30 = 2 sec. 

. 1013 A" . 
Hence the particle strikes the wedge after t = 2 sec. 

19. 	 As block goes down by distance. x, water comes up by distance y. As botl1aretneasured from initial 
level of water, compr:ession in t~e spring is xbut the blo,ck is ir'ldepth (x+_Y)JlJwa~er.Applying 

conservation of volume 

0.2x = (1m2 - 0.2 m2).y 


m = 180kg 
x 

x =4y 	=> Y= 
4 

Thus total depth of block in water = ; + ~. = ~x 
Free body diagram in equilibrium: 

Fb =(0.2)(5x/4H1000) (10) 

For equilibrium: 

mg =kx + fa 
 l~F'll1~00 = 2000 x + (0.2) (5X}1000) (10)

4

...\...., ~ 

. 18. 	 . ...... '. 
Y::,:~ .18 = 20x + 25x => X = -m = 40 cm 	 '.'45 

~~.' 
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20. 	 Area covered by line joining planet and sun in time dt is 

1 ··s 1 . '.. 1. .,'dS = -x2dO Areal velocity = d Idt = 2 x2de Idt = 2" x2(o .
2 

where .x = distance between planet and sun 

f' and 00 =angular speed of planet about sun. . . 
\ From Kepler's second Jaw areal velocity of planet is constant. 

x=2R-r·'-6 3o v. 
At farthest position 

1 1 	 . 1 
A = dS/dt = - (2R - r)2 00 = - (2R - r)(2R - r) 00] = (2R - r) V.22 	 . 2 a 

( 2A . 
or Va = 2R ~ r (least speed). (Using values} 

Va =40km/s. 

FULL SYLLABUS TEST - 2 (XII) 


(D) 2. (D} 3. (A) 4. (A) 5. (C) 6. (BCD) 7. (ACO) 

(ACD) 9. (ABO) 10. (BC) 11. (B) 12.. (A) 13. (C) 14. (C) 

(D) 16. 9 17. 5 18. 5 19. 1 20. 4 

SOLUTIONS 

( 
1. Va - VA = - SEx dx = - [Area under Ex - x curve1 

\ 

Va - 10 = - 2"1 
.2. (-20) = 20 

Va = 30 V. 

(. 2. 	 As soon as the field changes, current is induced in the anticlockwise direction. 

c ED
Now direction of M and B are parallel thats why torque on coil is zero. 

( 
3. The magnetic flux must remain constant 	 ® Bu ""C 

Bo i:. <Pm = Boab = 1+kt bx 
( b 

where x is as shown 1. iJr---
dx • ~X~""D 

.. x =a(1 + kt)or v =Cit = ak 

L 
4. r2 <Oc ;A-r1 <Oc A 

C r1 >A-Oc 
=> sinr1 > sin(A - Oe> 

sini 

=> . > sin (A:'" ee> 


~ 

/ 
=> sini > ~ (sinA cosOc - sinOc cosA) B 

\. 

'.~f2:;CJnanc:e 	 .....••'L/ .,.~_.1~l!.~!'~ting for better tomorrow 	 . '. 
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= [(../3 11-~- ~.~)
V3 2 	V 7 V72. 

. 1 1= 1--=
2 2 

.. 1 
::::;. Slnl> -	 or i > 30°. . 	 2 

5. 	 Initially the potential at centre of sphere is 

1 0 1 20 1 30
V =--~ + --- = -'-.-- 

c 4rc EO x. 41t EO 	 X 4rc,EO .' X . 

After the sphere is grounded, potential at centre becomes zero. Let the net charge on sphere finally be 
q. 

1 q 1 30 =_ 30. ---+---	=0 or q -r :. the charge flowing outof sphere is 30r.
•. 4rc EO r 	 4rc EO x . . xx 

6. 	 Potential at each point on:y..z pl~.ne is zero. Tbe..eJ~ctricfieI9'wili be zero on y-z plane at a distance 

.J2a from origin. 

1
7. 	 (A) E= - CV2 \." 

2 
As potential difference source between the plates is connected, p.d. remains constant. But capacitance 
C becomes KC hence energy stored is increased by factor K. 

V 
(B) Electric field d is not changed. 

(C) Charge on each plate is increased by factor K hence {orce between them increases by factor K2. 
For effect of the medium, they must completelyHe iii the medium. 
(D) 0 = CV 

Hence charge becomes KO as C becomes KC and V remainin unchanged. 


8. 	 The potential at surface, 5 cm from ~rface and 10 cm from surface outwards is 

KO KO KO 
-.-- =75

VsC;: R ..··OJ R + 5 '.=·t?9, , ','" (2) R+.tO ,.' ..... (3) 


From Equation 2 and 3 ::::;. R = 10 cm 

:. From equation 2 . 


.. . . 

100x15.x10-2 '5 .. 9 . 

0=' = -x 10- C => B is false 


9x109 3 

KQ. 10Ox(R+5) 100x15 . 

VsUrface= R = R =. 10 =150 V::::;. A IS true 


V ....3KO 
centre =2' R' 	 =225 volts => D is true 

KO 150 
~ C is true .'Esurface;:: R2 = 10x10-2 =1500 VIm. 

9. 	 Rate.of workdonftby external agent is : 
dw' BIL.dx .'. . 

(it = --cit =. BILv& thermal power dissipated in the resistor =eI = (BvL) I 


.9.1.¢arly both are equal 
',...: 
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( 

c) 
10. 

() 

11. 

( 
12. 

( 

( 

\., 

If applied external force is doubled" the rod will experience a net force and: hence acceleration. Asa 

result velocity increases 

S. e
Ince . 1= . R 

On doubling 'R', current and hence required power becomes half. 
velocity is also halved as P = SILv ; 

re remV 
Arc AS =-r =- 

3 3qS 

Time't' = : = (~J(;) =~ = ;q~' 
From the passage: b a. cot 9/2 
therefore cot; 9/2= 0.:::::> 

p+ emission: 

x ~ y + 13+ + U :::::> 

Q = (M - M - 2me)C2
1 x y , 

, Electron capture: 

x ~ y + U + x-rays :::::> 


02 = (Mx -- My)C2 :::::> 


1.3. & 14. Let potential of point P be zero 

" 
9/2 = rc/2 :::::> 9 =re. 

n ~ P + 13+ + U 

p + e-~ n + U 

Q1 > 0 implies Q2 > Qbut Q2 > 0 does not necessarily mean Q1 > O. 


Since power is halved hence 

:. Just after switch closed Va =+3 volts. 
Also VA =+1 volt 
:. Current through R1 just after switch K ElL ' P 

VQ-VA ' 3-1 ' 

is closed is R1 = -2- = 1 ampere 


( 

Rl cf t~ 
( Any time after switch K is closed 

" VA = 1 volt, VB = 3 volt 
VB - VA remains constant. 

After the system has finally Cichived steady state, potential difference across capacitor. 

( 
R1 Rz (E1 E2 ) 5 . 5 

Vp- Va = R +R -R+-R =' -3 volts :. Charge on capacitor = C x - =50 IIC 
1 2 1 Z ' 3"" 

2 Q2, 1 (-Q) "',C 15. (P) Electrostatic potential energy = 4re EO ~ = are EO- a 

( 
3 Q21 [(-Q) x (-Q) (-Qf] 

(Q) Electrostatic potential energy = 4re EO 5a/2 + 2(5a/2)( .20 rc EO a 

( 13Q2 3 
(R) Electrostatic potential energy = 4re EO ~ =-2-0-re-E-o-a 

( 
2 , 1 [3Q (_Q)2 (-Q)X(-Q}] 27Q2 

(S) Electrostatic potential energy = 4re Eo 5a' + 2(2a) + 2a  aOre EO a 

c 

f.... , 

c 
c 
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16. 	 Potentials are indicated in figure 2BJ • [Q] J-~ 

10-(-5} . 15 . 
Current in 20 = 2 = 2 =7.5A, leftwards [Q] ~H~5·f,·,'~ '"?t" 	 5 [;,[115 5 

assume' . 
. 10-(-15) 25 5 

Current In 30 0 = 30 = 30 = 6" A, downwards 
I lID 

5 

i1 . ' 
- -9
i2 

17. 	 Just before S2 is closed the current in the inductor is £/R. It 
will not charige'just after 8 2 is closed due to property of 
inductor. At the moment S2 is closed 

Let X be the potential of the junction then 
. . £ 
It + '2 = R .r:'l/J~
£- X. 	 -3£-X £ 
--+ =

R 2R' R 

=> X=-£ 


di 	 di I:: 
Now using Kirchoff's law 3£ + L -

dt 
- 2£ = 0 => dt = -I = - 10 A/s 

IA 
18. 	 Number of photons striking per second = N =hv 

Area A here is the area perpendicular to the direction of intensity or direction of energy flow. 

. . 	 P 
Consider a ring of radius x and width dx on the disc. IntenSity I oli the ring due to source is I = 41tr2 

now, 	 dA.L =dA cos e 
dA = 21txdx 


Gives, dA.L = (21txdx)cos e .. ' . .' , .... 

A photon will exert force F as shown, only the Fcos e component 
 Fsina 

dA 

:s' 
will remain and F sin e will cancel out 

F 
FeasEl 

, 	 . dP' Nh (IdA.l) h 
as we integrate on, the ring. At = T = -;w- I 
as only Feose component of force remains 

. (IdA.l)· h
dF= ~. x cos e 

A 

F 	 rr P J (2rcdxcose) h 
X i cosO [.: r=.J4R2 +X2]:. JdF = ~L4'1t(4R2 +x2 ) X (hC ~ 

o 	 0 A. .A 
P 


,'solving we gefF =20c 


19. 	 Let i1 and i2 be the currentthrough Land R at any time t 
!1 I i2• 

. .. BN. B /J L c.i1 i ®B 
:. I = 11 + 12 => ~ = 12 and .t v = cit L ~ ~R 

. dv /J (. B.eV)
Force on conducting rod = m -' = - i.t B =- 11+T I!B 

, dt 
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B2 e2 . 
:::::> m d V ::: - eB 1 dt --- V d t - , R 


,---..~ . '~.- - B2e2 ' 


:::::> m Jd V ::: - eB I I, d t - -"R JV d t 


B2 e2 


,:::::> - m (Vf u) = .e B Q --"R X 


2 2 

- 8Re .x-m(Vt- u}::: 1C. 
(Vf ::: velocity, when it has moved a distance • x· ) :::::> Q= 8e 

C 20. Let nth minima of 400 nm coincides with m th minima of 560 nm, then 

2n-17 '14400)' (S60)(2n -1) (T ::: (2m - 1) T or 2m -1 ::: '5 =10 = ........ . 


i.e. 4th minima of 400 nm coincideswith3.rd minima of560nm: 

Location of this minima is Y ::: J?x~_ 1)(1000)(400x10-6) = 14 mm 

, 1 2xO.1


" " Next 11th minima of 400 nm will coincide with 8th minima of 560 nm. 
I Location of this minima is, 

" 
+Y::: (2)<11-1)(1000)(400><10-6) =42 ' ( 

2 . 2><0.1 mm 
( Required distance::: Y - Y, =28 mm ::: 7Xz" Hence X =4 
( 

FULL SYLLABUS TEST - 3 (XI & XII)
\. 
/ 

r 1. (D) 2. (B) 3. (B) 4. (A) 5. (C) 6. (C) 7. (A)
'. 

8. (D) 9. (A) 10. (8) 11. (ABCD) 12. (ABC) 13. (BD) 14. (AB) 
( 
" 

15. '(ASCD) 16. (BD) 17. (ABC) 18. (AC) 19. (AC) 20. (BC) , 21. (C), 

( ,22. (B) 23. (A) 24. (B) 25. (C) 26. (C) 27. (C) 28. (A) 

29 (C) 30. (B) 31. 153 32. a 33. 3 34. 2 35. 7 

36. 8 37. 20 38. 5 39. a 40. ,2 

SOLUTIONS 
C - '''"",

1. The extension developed in the string due to small values of 'a' is : 

;d
,I,
'.'( x =h sin a == ha .:JtL ' •Torque about '0' : 


'to = (Mg sin 9) L + (kx)h 
C '~,;kx ,. . or.. 'to == mg aL + kh29 = (mgt + kh2)a ... (1) 
( Also' 't = I a = mLza ... (2) , 0 0  .t---img ,inaFrom (1) and (2) : 

mL2a = (mg L +kh2)a mg 

2c 1 [ kh )or a::: z gL+-O
'L m c 

a 
2 

1 1 1['. kh 
2

)"NOW: T::: 21t~ =21t - gL+- a1 [ kh ) =:> u= T = 21tL VgL+mr L2 m" 

tomorrow 

C 

L 

http:coincideswith3.rd
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2. 	 The free body diagram of the capillary tube is as shown in the figure. 

Net force F 
S, Tx211R 

required to hold tube is F = force due tosurfaceJensiprt at cross-sec;tion 
~s, T,,21tR 

(S1 + S2) + weight of tube. 

= (Z1tRT + 21tRT) + mg = 41tRT + mg 


mg 

Free body daigram 


of capillary tube 


1 (-2Q)" ·.'1 .(3Q)'" 1 ( 2QJ4. 	 -- +-- -- =-- -
R 	 41teo R 41teo' R 

.. __i~...:: ..., 

5. 

. 4'Mg 
R

6. 	 4Mg x - - f x R =In
2 

. J, 
f = Ma and CT~ N =5 Mg 60· 

···la····'···········2 
Ilmin = -:; .. ' f 

Mg 

x 36 
7. - = - =9Q

16 64, . 

dx ::: ~ ::: 1Q-1 ,x1QQ 
x £(1-£) 36x64 

9x10 	 _ ~Q 
dX=36x64 - 128' 

5. 

x=9±128 


8. 	 E= E) + EyL AV= -':'Ex L,\x - E~ Ay 

forAand B 
16 - 4 = - E (- 2 - 2) - E (2 - 2) 
E = 3V/m x yx '. 	 . 
for Band C 

12-16=-E {2-(-2)}-E (4-2)


x Y 
Ey =--4 VIm. :~. E= (3i -- 4j)V1m 

9. 	 Focal length. of silvered mirror 

1 1 2 1 1 2 f= _1f =fm - f1 => f = ;-- f
l 

' => 2 

1 '1 	 1 1 1 1 
+-=- => -+-=- => f=-20 cm 

v , u f -60 -30 f 
Focal length of unsilvered lens will be 40 cm 

1 1 1 	 1 1 1 13-2
So, -+-=-	 -:=-.-- = -- = +-. => v= 120cm, 

v 30 40 	 v 40 60120 120 

."',j:..... ;..:~, 	 .

: '"r"; ·~eSQr=tanc:e· 	 .i,i . 	 . ... , .•'.'.. .'::.~callnli for better tomorrow 	 . '~V',.;;i",. 
~.::,;~~~;,?,:,..--;,.;:". :-".
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10. 	 Aair=2M => Agas = 2M' 

Vg•• fA.g•• Ai' . ....0003 Ai 

:::;::.
V.... = fA.aIr = AI. Vgas~3 x 2 Al=500ms-1 

11. A 	 B 
Molecular wt. = 16 Mo M,olecular Wt. =Mo 


mass = 2 mo mass = mo 


. n ' 
=...JL ,ne = no
nA 8. 
,.rl" 

f f 	 ' '. ' . ' 
(A) KE.latom = 2' k.T. = 2 k.T. for both the gases . 

~ 3RT . ~3RT
(8) Crms,,: = 16M I Crmss = Mo " (Crms)a =4 fCrms)A

o 
( 

\. 	 (no /8)RT no RT 
(C) (P)A:;: \( • (Pa) = -V (Pe) = 8 (PA) 

\. 	 '\ 
(D) na =8 nA 

( 
\. 

12. 	 As V= nl 
( 
'. V 340 

A =,,-;= 340 ="1m 

first Resonance length 

( A 1 
R = - = - m = 25 cm 

1 4 	 4 

\.. 
I 

. 3A 3' 5A 5 
R2 = 4 = '4 m =75cm :. R3 = 4 = '4 m = 125cm 

i.e. third resonance does not establish. Now H 0 is poured, 2
:. 	 Minimum length of Hp Column to have the resonance = 45 cmc 

D· ta b tw 	 . ' d A 1IS nce e een two succenslve no es =2= 2 m =50 em 
( 

& maximum length ofH 0 column to create resonance. i.e. 120"': 25 =95 cm. 2

( 13. 	 In standing waves, particles may have phase differences only 0 or?t. 
i 

14. 	 Independent acceleratipll;QfA ~nd6:would be 

a = g(sinS...;.. J.11 cosSr' .' " ' , 


c 
1 

and ~=g (sine - ~cose). 	 " (m,+m2)gsina"/..I.I.;;..~____ 

c 	 if J.11> ~. a1< a2• so blocks will be in contact and will have common acceleration 

(m, +m2)gsine J.11m,gcoSe-J.12m2gcos9 '. '...' '. 
,c 	 a =a2 =, (m +m2) =g[sin6-(J.11+J.12)cos6], 

( 

\·15. 	 Charge on capacitor before insertion of dielectric slap = 100 (.IC 
Charge on capacitorafte.r insertion of dielectric siab = 300 pC 
Increase in charge on the capa'citor=: 300 '-:' 100=200(.lC 
charge increases very slowly that's why heat will ,notbe produced 
Energy supplied by the cell =increase in stored potential energy + work done on. the person who is filling 
the dielectric slab. ::::) Heat produced is zero so (D) option is also correct. L 

http:100=200(.lC


,~ I 
r 'P, 
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N117. 	 At point A 

1 2 r;;;;o ........ :$m.. AJamgR= '2mVA 	 :::;> VA =..;2gR 
, ,0· .; ":'j _.... "' 

. mVl
N -mg=ma =--	 .mg 

, r R 

=> N, = mg + 2mg = 3mg 
 N2 ~!iAtpoint B 
.' 1 . . ~'R

mg(R cos 60) = '2mvi => VB = J9R 

mgsin60 ~~mgcos60 


. mV,2 mg 

N2 -mg COS 60 = __B 

R 
2

N = 3mg 	 - mVB ·=mg. 
2 2 Fnet - R 

- aU! au
F=--'I 18. ax ay 

F= _(6xy2 + 6) i - (6)(2 y) 1 

At (1,1) 


F= -121 6j lal=IFI 
m 

'-, .
Also, Wex! =Au. 

p,
B. 

8219. 

Let J, =Jo =J3 = J2 Jo 
2 

110 a - -	 - ).lO,C.a:);a,ii':';C"P")'c '-.. -. (~xCOP1) 	 => B2 = 2(7\"1 x ii .....1 .2.( r ) . 	 '0 . 

'.; ~:... 

. . . 2 [J2 
B. =!l.o[ ~a](J2xCi'2)+~O·'~.··~(J3~C2P1) ." 

!. 

3 2 r--	 2 r±- . . .' . 
2 . ..' : '2' 

'2J , ... [..... 2'.J2. '.'. . --'>.a. a. 
110' "'4- - - !lo.;' ~:.', .:. ;-:-'.1 
~ '.. 2.. (J2 X C1P2) .... -2' 2.' (J3 xGaPi )./ ..., . 2 2 a Slnq,+ '. 2 a ..... Sin q[ r +-. 	 r +-' .' .'.

',' 4' . .. ..:,' . .A·· .' ..... 

_ _ _ 110I(2r2 _a2 
) 


Bp1 .= B1 + B3 = m 4r2 _a2 to the left 


_ _ _ IloI(2r2 + a2)

Bp2 "" B2 +B4 = m 4r2 + a2 towards the top of the page 
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20. 	 We = Uc + UL 


when q is maximum i = 0 P UL= 0 


',-" 

qE = 2C P qmax = 2CE 
,,,:.,- ,::,.,.\,.;., ,;~-:'.<" .>.:.:.<'~> ~ .., ".:,~... ;.,.~:.;"" . .2;:(,-:"': ,: ;~.~. ,:.', ,"-; '-0 .•', -.'.~"., .' 
... Ch~~g~on.thec;ap.afitor\yiU?~c;;il!pt~s between ,0 &'2CE

By'KVL'" . ,." .. , '. :',:"-., ", .. ' . '" 
(-, 

;:.', ;
\ 

q. \I.
E ='c+ \/il .' '; 


Minimum valu~ of q is zero so maximum value ofVL=E 

";" mg
21. 	 VT--' ;', 

'b' 

m 
( . It is greatest for the object with greatest value of 1)'
\. .' 

mg m 
(' 22. VT=T =>. b =10-2 S 

In this time sphere would achieve 0.63 fraction of its terminal speed 10 cm/s.
( 
'

23. 	 Let at an instant v R = (VR)mcosrot =>:. 2 = 4 co'srot => cpsrot = % =>:. cosrot = 60 0 
• 

Since VLis 900 ahead of VR => vL= (VJm cos (rot + 90) VL 

= - 3 sinro t => = - 3 sin 600 =- 3 cos 30"=> :. I (VL)ml =3 cos 30 0 
2 

( 
"~ .. . Vdm 3

(. 24 From phasor diagram (Vs}m = {VR)m 2 +(VL)m2 =5 volt. => tan $ = v:--) "4 
\. ' . 	 Rm 

$ =370 	 => :. IVs I = I (Vs)m cos {ro t + 3r)1 

= 5 Icos (60" + 3r)I=>:;: 5J cos 9rl => = 5 cos 830 

, 
\. 'It . 'It 'It 'It 

Yne! =4 mm [sin(~'It(sec-1)t+"6 ] cos{2'1t(m-1)x +"6} = (4mm) cos(2'1tx + 6) sin{4'1tt + "6} (. 26. 

position of anti node 	 . . /~-.....<,. ~ ./,..... "'<.
C 	 8:... 7 ' \'It 	 'It '15 11 '17 

.a'.·....... .
2'1tx + 6 = 2n 2 => x=(6n..;; 1}'12=11' '12' '12 ~ ··.:;,~·,<:.:..>/7i~'-~A 

27. 	 f •• =0.2 x 60 x 10 = 120 N
( m 

relative motion about to start when acceleration = 2 m/s2 and 

120t = 180x 2 ' .' .... 


t= 3 sec. 

For velocity of block at t = 3 sec. 
C . t = 3 sec 

t 	 120t 2t 
a= 	 -- 

180 3 

3 
A A Ac 	 t~ 1v= 3" =3 m/s. So, velocity of ball =3i +10j + 5k 

c 	 o 

(··.··.··'a '. 	 ..ta
'. . ""e. SCOan(;.e!.""".. " .. ... . 	 ',: '=.... ..... ~.''' ... ...•~ • '" .!fd..UC3ting for better tomorrow 	 .' ... , ?:t~ii;(i:,C······ 
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2xlO 
28. Time of flight ~~~_:-W 	= 2 sec 

(P) Activity of the sample II becomes half in minimum time~. Hence it has maximumdisintegration.constant. 

(0) Activity of the sample III takes maximum lif~ toh-e~()riieh~/f therefore ifh'~~ nlaximum h~lf ~life. 
(R) Parent nuclei will be left maxirpum in the sampls, forwhich haltlife is maximum i.e. minimum decay. 

(8) It can not be compared without information about atomic weight as energy radiated will depend upon 

no. of atoms, not upon amount of substance. 

30. The resultant dipole moment has magnitude 

~(.j3 p)2 +p2 = 2P at an angle '0 = tan" .j3P .= 60° with positive x direction. P . 	 • 

Diameter AB is along net dipole moment and 

diameter CD is normal to net dipole moment. 

[R.j3R)
PotentialatA 2'-2- is maximum 

. [.fiR 	 R) [ .j3R R)
PotentialiszeroatC -2-'-2" andD --2-'2" 

I ~"Ir- I~ x 

1 4p
Magnitude of electric field is 411:80 R3 

. 	 1 2p
Magnitude of electric field is 411:80 R3 

[R.j3 R) [R.j3R)
atA 2"'~. and B .-2"'-"2 

. [.j3R . R) [ .j3R R)
at C -2-'-2" and D -~'2" . 

32. 	 Heat released by 5 kg of water when its temperature falls from 20°C to O°C is, 

0,= ms.M = (5) (103)(20 :-0) =105 cal 

when 2 kg ice at -20°C comes to a temperature ot QOC, it takes ari energy 

. O2 = mMe = (2) (SOD) (20) = 0.2 x 105 cal . 

The remaining heat 

0= 0, - O2 = 0.8 X 105 cal will melt mass m of the ice, where 

5 
m = 	0.8 x 10 = 1 k 

80 x 103 g 

So, the temperature of the mixture will be O°C, 


mass of water in it is 5 + 1 = 6 kg and mass of ice is 2 - 1 = 1 kg. 
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33. (10x11-10x6)x1Q-4x2T=D.W 

50 x 1 0-4 x 2T = 3 x 1 Q-4 

3 
::::> T = 100 = 3 x 10-2 N/m. 

F.
34. a == -Sin'S

c) t m 

Rcf(2B) = F sine 

df m 


cfB FsinB 
... ( 1) df = 2mR 

( 
F 

a =-cose 
,1- C m 
\ 

( d J2 FR -(2B) = -case ... (ii) [ dt m 
( 

" 
( 

" 

( 
( (~:) 


d~)2 == 2 tane ::: 2 

( , dl"

c 
(' 3

10km 10km 10x10 [2.1-2J 1 1
" 35. D.t== 2x10B- - 2.1x10B = 10B ~ = 104 x (42) 

f::: 42 x 104 ::: 420 Khz == 60 x Khz ::::> X==7 

dv -8-2x36. v-
dx 

( , 
i.... 

v x 
2V::::> JVdV == J(8 - 2x)dx ::::> -;:: 8x-x2 2::::> v := 16x _2X2

2o 0 

c 
At B, v = 0 so, x = 8 Hence, AB =8 

c 
c 

( "Resonance ..rA1 Educating for better tomorrow\... 

," ,. 



Answers & Solutions (Section-II : Physics)""'~"'''''~P,-."",,,,,_,.".r~>-~_.--<--~-,,~~~-,.~~-ro lEE (Advanced) - RRB GQ 

37. =V, cos60°V2 	

~"'lAVi 
V2 =2" ~..-..... 
1 1 1 1 
- x 90 x - =1V, + V2 
2 2 2 2 


90 =V + V2 C~

1 V,:::; 20 m/s.

4 4 

38. 	 By constraint relation, velocity of block is 2V. As acceleration for Block and disc is zero, for disc 2T :::; mg 

a= 0 
~v 

~T= mg 

2 F 


and for block T =f tv 
=0 

mg 2V 
~ -- =1(A - mg 


2 d 


mgd 
~ Tj:::; 4AV 

20x10-3 x10xO.2x10-3 

' - 4x103 x10-4 x2x10-2 


=5 X 10-3 NSm-2 


39. 	 To enter the patrol in the tube 

Pb:::Pu-Plg(O.I) 	 \. 

Applying Bernoulli equation from section A section B 
(

a is area of cross-section A and b is area of cross-section B 

2 ( 
1 2 1 a a' 


Po + '2 Pair V (Po- Ptg(O.l)) + '2 Pair ( Vb') Solving b = .J11: 


40. 	 By the diagram, we can C ~, R, 
J> 

Current in R2 =6A R 2A 
2A t 3A 

2n 2A 3A 
Current in R1 =3A 

e4A~~ L·n12 	 2R' v ,
.;f-21J-f> 	 t 

- =2A 	 """":"'4 V- 1A
11 	 "--
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