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PREFACE
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s 001 Ty (\j/ee eenT selected in this book which, in my opinion and
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i sfudents? ;]S a w_hole. Only such an approach, | believe can
Snalysls. of O achieve a conect interpretation, evaluation and
appting. ”thlpes of problems they might encounter while
o -JEE. Consequenﬂy, even a limited number of
e e book proylde enough base to the students fo
g as top rankers in the competitions of foughest orderr

Problems have been c¢ i
ate - i :
problems have been provideg:j),”sed topic wise. Solutions to all the

%
i
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The book in this form, | am sure would definitely help a genuine

hcrdworking students to i i
e achieve ; )
presfigious engineering insfitutes his target of getting a seat in most

| wish to utilise the o i
T : ppqn‘um'ry to place on reco i
hanks to my student Vamit Jain, who helped in edifingrgf%ésggglldl

also like to thank Ankit K
suggestions, apoor and Bhaskar Sharma for their valuable

Many thanks to those who h
: . ave helped i i '
book especially Shri Y.C. Jain of M/s Arihant Flgrckcnr?r(we<:1lrr11 compiefing fhis

| will be grateful indeed to my readers for their evaluation of this

work,. Their comments, critici
. . CIS Y . .
in subsequent editions, ™ and suggestions will be incorporated
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i KiNemaTICS

TITEN The coordinates of a particle moving in a plane are given by
x=4cos6t and y=6sin6t
(a) find the equation of the path of the particle

(b) find the angle between position vector T and velocity vector D at time t = /12
(c) prove that the acceleration of the particle is always directed toward a fixed point.

NP A particle is projected vertically upwards with speed u in a medium in which the
resistance to motion is proportional to the square of the speed. Initially net force on the particle is two
times its weight downwards. Find the time of ascent and distance ascended by the particle.

PSP BEN A car starts from rest with an acceleration of 6 m/s? which decreases to zero linearly with
time, in 10 second, after which the car continues ata constant speed. Find the time required for the car to
travel 490 m from the start.

TIYNPSFN A charged particle of mass mand charge qis moved from rest at x = Oby an electric field

_) -~
E =(Ey —ax)i where o is a positive constant and x is the displacement of the particle in time t along

-axis. Find the distance moved by the particle when it again is brought to rest and the acceleration of the
particle at that instant. Describe the motion of the particle.

: -
Force on a charge ‘q' placed in an electric field E is given by
e '
"F, =qE

NN A particle of massmmovingina straight line is acted upon by a force F which varies with
its velocity as F = — kv". Here k is a constant. For what values of n the average value of velocity of the
particle averaged over the time, till it stops, is one third the initial velocity. {(n # 1 or 2)

SNl A lift of total mass M kg is raised by cables from rest to rest through a height h. The
greatest tension which the cables can safely bear is nMg newtons. Find the shortest interval of time in
which the ascent can be made (n>1).

A A particle moves in a straight line with constant acceleration ‘@’. The displacements of
particle from origin in times t;, t, and t are s, s, and s3 respectively. If times are in A.P. with common
2
- . . S1 =4S
difference d and displacements are in G.P. Then prove that a = (—\/—_ldT‘/—g)—

YPYYPYIFN A ball of mass 2 kg is dropped from a height of 80 mon a floor. At each collision with the
floor the ball loses half of its speed. Plot the velocity-time, speed-time, and kinetic energy-time graphs of
its motion till first two collisions with the floor (Take g = 10 m/s?).
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Problems in Physics

The acceleration-displacement graph of a particle
moving in a straight line is as shown alongside. Initial velocity of
particle is zero. Find the velocity of the particle when displacement of
the particle is, s = 12 m.

An aircraft flies with constant airspeed (speed of aircraft in still air) 200 km/hr from
position A to position B, which is 100 km north-east of A and then flies back to A. Throughout the whole
flight the wind velocity is 60 km/hr from the west. Find total time of flight from A to B and back.

N CIEIEE A motor boat going downstream overcame a raft at point A. After one hour it turned
back and after some time it met the raft again at a distance 6 km from point A. Find the river velocity.

RKCPICI Y A particle A is projected with an initial velocity of 60 m/s at an angle 30° to the
horizontal. At the same time a second particle B is projected in

opposite direction with initial speed of 50 m/s from a point at a soms e
distance of 100 m from A. If the particles collide in air, find the 30° X\
angle of projection o of B, time when collision occurs and the A!< > 2
distance of point P from A, where coll:sion takes place. 100m

(@ = 10 m/s?)

A particle is projected with speed v at an angle 0 to the horizontal from the point
x =0,y =0.If x and y-axes are horizontal and vertically upwards respectively and point of projection is -
the lowest point on the inner surface of a bowl formed by rotating the curve x2 = 4ay, where ais a
positive constant. Show that the particle strikes the bowl at a horizontal distance

= 4av? tan @
v? + 2ag + 2ag tan? 0

WU A particle is released from a certain height H = 400 m. Due to the wind the particle

gathers the horizontal velocity componentv, =aywherea=+/5s"! and y is the vertical displacement of
the particle from point of release, then find :

(a) the horizontal drift of the particle when it strikes the ground
(b) the speed with which the particle strikes the ground (Take g =10m/s?)

A particle of mass m is attached by a light inextensible string of . R CR
length 2R to a fixed point O. When vertically below O at point A, the particle is °
given a horizontal velocity u. When the string becomes horizontal, it hits a small

smooth nail C, at a distance R from Oand the particle continues to rotate about C. 2R

Find the minimum value of u so that the particle just describes complete circle
abou »

AS———» u

LRI A particle moves in a vertical circle. lIts velocity at topmost point is half of its velocity at

bottommost point. Find the magnitude of acceleration of the particle at the moment when its velocity is
directed vertically upwards. (= 10 m/s?)

Problems 5

A uniform electric field of strength 108 N/C is directed vertically downwards. A pa'xrticl.e
of mass 0.01 kg and charge 107° C is suspended by an inextensible thread of length .1 m. 'I"he-parttcle is
displaced slightly from its mean position and released. Calculate the time period of 1t§ oscillation. What
minimum velocity should be given to the particle at bottom so that it completes a full circle. Calculate the
maximum and minimum tensions in the thread. (g = 9.8 m/s?)

S L e ‘ - - o
‘Electrostatic force F. on a charge q in electric field E is F, =gqE

A particle moves along a straight line and its velocity depends on time as v = 3t — t2.
Here v is in m/s and t in second. Find: .

(a) average velocity and

(b) average speed for first five seconds.

At the initial moment three points A, B and C are on a horizontal straight line at equal
distances from one another. Point A begins to move vertically upward with a constant velocity v and
point c vertically downward without any initial velocity but with a constant acceleration a. ﬂow shf)uld
point B move vertically for all the three points to be constantly on one straight line. The points begin to
move simultaneously.

HCllZupdY  Two particles A and B start from positions shown in figure ; A Y X
and move with constant speeds v and u (> v). A moves along x-axis and B
moves such that its velocity is always aimed at A. Let r be the dista-nce
between them and 6 be the angle made by the trajectory of B with x-axis at p
sometime t. Prove that,

»|

(sin )¥ ' pu

o~
=
|
(@]
o}
(7]
=]
[~
S
<
|
o

Aboat is moving in a river with a speed v w.r.t. water.
The water is flowing with a speed u. At time t = Othe boat is at the origin
of a co-ordinate system with x-y axes in the horizontal plane and
positive x-axis in the opposite direction of the flow of water. The boat
has to reach the point P (x, y) as shown in the figure.

Show that the boat has to start in a direction inclined at an angle

-1 ju y
v ,x2+y2}

Also find the time taken by the boat to reach the point P.

sin to the line joining Oto P.

A fighter plane enters inside the enemy territory,
at time t =0, with velocity v, = 250 m/s and moves horizontally
with constant acceleration a = 20 m/ sZ (see figure). An enemy tank
at the border, spot the plane and fire shots at an angle 6 = 60° with
the horizontal and with velocity u = 600 m/ s. At what altitude H of
the plane it can be hit by the shot ?

8=60°

“— I —>




6 ' Problems in Physics

LI EN A 3 m long arm OA rotates in a plane such that -

0 = 0.5 t“ where 8 s the angle with x-axis in radian and tis in second.
A slider collar B slides along the arm in such a way that its distance
from the hinge Ois given by r = 3 — 04 % where r is in mefers. Find
the velocity of the collar at an instant the arm has turned to 8 = 30°.

A rod follower AB is subjected to a vertical up

and down movement while resting on the circular contour of -

radius 30 cm of a cam. The cam moves to the right with a velocity  _ 5 emi
of 5 cm/s and an acceleration of 10em/s?. Find the velocity and :; 1(;: c.-:/sz <
acceleration of point B on the rod at the instant of interest as  — ErEES 2%
shown in figure. ’ TN e

LIS Two rods of equal length are lying one along x-axis and the other alongline x = y. They
) -
intersect at origin at their mid point. The first rod moves with velocityv; = v jand the second with velocity

- - N
Uy = —j)_gi - % j- Find the velocity of point of intersection of two rods.

A particle of mass 1 kg which moves along the x-axis is subjected to an accelerating
force which increases linearly with time and a retarding force which increases directly with displacement
(constant of proportionality being one with proper dimensions in both the cases). At time t=0,
displacement and velocity both are zero. Find the displacement as a function of time t. '

LIy A particle moves along the x-axis according to the equation x = A coswt. Find the

distance travelled by the particle during the time interval t=0Qto t = ¢,

(i) The points A and B are moving with the same speed u in the positive direction of the
x-axis and y-axis respectively. Find the magnitude of velocity relative to A of a point C, which is
mid point of AB, and show that it is reverse of the velocity of C relative to B.
(ii) A particle P moves on the circle x % + v 2 = 1 with constant speed v. Show that each instant when
the acceleration of P is parallel to the line x + y = 0, the velocities of P relative to points Aand B

of part (i) are equal in magnitude. Find v in terms of u if the maximum value of the velocity of P
relative to Cis u.

Ariver of width' a' with straight parallel banks flows due north with speed u. The points

- Oand A are on opposite banks and A is due east of O. Coordinate axes Ox and Oy are taken in the east

and north directions respectively. A boat, whose speed is v relative to water, starts from Oand crosses the
river. If the boat is steered due east and u varies with x as : u = x (a - x) _02_
a

Find :

{a) equation of trajectory of the boat

(b) time taken to cross the river

(c) absolute velocity of boatman when he reaches the opposite bank

(d) the displacement of boatman when he reaches the annacits hank fram tho initial macitian

Problems 7
ICIIELIEISE A river of width w is flowing such that the stream velocity varies with y as

w
where y is the perpendicular distance from one bank. A boat starts rowing from the bank with constant
velocity v = 2v,, in such a way that it always moves along a straight line perpendicular to the banks.
(a) at what time will he reach the other bank?

(b) what will be the velocity of the boat along the straight line when he reaches theu other}\)ank ?

A

Two points A and B move with speeds v and 2 in two Q
concentric circles with centre O and radii 2 rand r respectively. If the points move .
in the same sense and if ZOAB=a., when the relative motion is along AB, find \
the value of o..

Two parallel straight lines are inclined to the horizon at an angle o. A particle is
projected from a point midway between them so as to graze one of the lines and strikes the other at right
angles. Show that if 6 is the angle between the direction of projection and either of the lines, then

tan@=(/2 -1) cot &

A regular hexagon stands with one side on the ground and a particle projected so as to
graze its four upper vertices. Show that the ratio of its maximum velocity to that of its minimum velocity is

31

3

Two stones are projected simultaneously with equal speeds from a point on an inclined
plane along the line of its greatest slope upwards and downwards respectively. The maximum distance
between their points of striking the plane is double that of when they are projected on a horizontal
ground with same speed. If one strikes the plane after two second of the other, find :

(a) the angle of inclination of plane.

(b) the speeds of their projection (Take g = 9.8 m/s2). <

A river of width @ is flowing with a uniform velocity v. A boat starts moving *
from point P also with velocity v relative to the river. The direction of resultant velocity is ¢!
always perpendicular to the line joining boat and the fixed point R. Point Qis on the opp.site _’—
side of the river and P, Q and R are in a straight line. If PQ= QR = o, find : :

(a) the trajectory of the boat, ' ———

(b) the drifting of the boat and :

(c) the time taken by the boat to cross the river. P
AB is an inclined roof and a body is projected from origin
towards the roof as shown in figure. Find ‘h’ for which body will just touch the
roof,

Given: 6=0=45°andu=10m/s g=10m/s?
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8 | Problems in Physics

MCUIEGIEYA A particle is projected from point G, such that it e b
touches the points B, C, D and F of a regular hexagon of side ‘ a'. Find its TN
horizontal range GH.

G A ] E H
L LITOMERN The benches of a gallery in a cricket stadium are 1 m high and 1 m wide. A batsman
strikes the ball at a level 1 m about the ground and hits a ball. The ball starts at 35 m/s at an angle of 53°

with the horizontal. The benches are perpendicular to the plane of motion and the first bench is 110 m
from the batsman. On which bench will the ball hit.

: A )Alr<— 2m—»P
A particle is dropped from point P at time t = 0. At the same

time another particle is thrown from point O as shown in the figure and it collides
with the particle P. Acceleration due to gravity is along the negative y-axes. If the 1om
two particles collide 2 sec after they start, find the initial velocity of particle which
was projected from O.

In the vertical plane shown two
particles ‘ P’ and ‘ Q' are located at points ¢ A’ and ‘ B'. At
t =0, the particle ‘P’ is projected perpendicular to the
inclined plane ‘OA" with velocity 2v, and
simultaneously the particle Q is projected horizontally
in ' BO direction. What is the necessary value of v, (in
terms of ‘d’ and 6) so that both the particles meet each
other between the points ‘O and ‘B..

YA
LA CUNLEM A projectile is launched from point ‘ A’ with the !
initial conditions shown in the figure. Determine the ‘x’ and ‘ y’ ivo=B8mSs ... i
co-ordinates of the point of impact. N o
300m

It JEE PROBLEMS ==

In a Searle’s experiment, the diameter of the wire as measured by a screw gauge of
least count 0.001 cm is 0.050 cm. The length, measured by a scale of least count 0.1 cm, is 110.0 cm.
When a weight of 50 N is suspended from the wire, the extension is measured to be 0.125 cm bya
micrometer of least count 0.001 cm. Find the maximum ‘error in the measurement of Young's
modulus of the material of the wire from these data. : B (JEE 2004)

9
Problems

: i i ’ ivisions on the circular scale.
FEM The pitch of a screw gauge is 1 mm and there are 100 dmsxons. on the circular s
Wh ﬂasuring the giameter of a wire, the linear scale reads 1 mm and 47th division c:ln t‘?;a gzlrcul:;
scale coincides with the reference line. The leng‘gh of the wire is 5.6 cm. Find the curve S(JE Ec; 33 p
(in cm?) of the wire in appropriate number of significant figures. - JEE 20

PSSPV N-divisions on the main scale of a vernier callipers coincide with N +1 divisions on_

— . : : its, determine the least count of the
the vermei scale. If each division on the main ss:ale is of a units, dete (JEE 2003)
instrument. :

icti i be the x-y
XY W.ER On africtionless horizontal surfage, assumed to -
Pro a small trolley A is moving along a straight line parallgl to thf: y-axis - , ‘
(see figure) with a constant velocity of («f§ - 1m/s. At a pamculgr instant, 4
when the line OA makes an angle of 45° with the x-axis, a ball is t!lrown
along the surface from the origin 0. Its velocity makes an angle ¢ me the _
-axis and it hits the trclicy. ' - _
¥ axl(sa) The motion of the ball is observed from the frame of the trqllgy.
Calculate the angle 6 made by the velocity vector of the ba}} wuh o 45° .
4thex-aldsinthisframe. L S g | <
(b) Find the épeed of'the ball w1tﬁ rggp‘e‘ct to thg surf__a&:e, lf?‘: ? .

“ (JEE2002)

An object A is kept fixed at the point x=3m and -
y=125 mona plank P raised above the ground. ’}\t»nﬁmer"t‘.‘ = Othe
plank starts moving along the + X direction with an agcelgrgnon_ 1.5 ]
m/s2. At the same instant a stone is pmj_eqt_ed frromvthg origin witha -
velocity _1—1) as shown. A stationary person on the g‘r<.)'und observes
the stone hitting the object during its downward motion at an ang}_e)

ori i in X- Find u
of 45° to the horizontal. All the motions are in X Y plane. Fir L
and the time after which the stone hits the object. Takeg =10 m/s”.

, (JEE 2000) -
A particlé of mass 107 kg is moving along the positive X-axis‘undgr th'f: @Uenqe (}f
a force F(x) = - —— where k=107 Nm?. At time t = 0, itisat x=1.0m and its velocity is v = 0. "
g 2 . A |

(a) find its velocity when it reaches x=05m
. (B) ‘find the time at which it reaches x=0.25m

‘ eat X is sliding wi icti th plane of inclindation 6.
arge heavy box is sliding without friction down a smootk  of (
F tP or? tile%otton‘;}:)f the box, a particle is proleqed mlde the box. The nnt%lslt);e% g& f)hn?
particle with respect to the box isu and the djrection of projection makes an angl¢ a.with the bott '

n in the figure.
* srzg;’mﬁlxllldﬂtlhe gls'utanc'e along the bot;oxr_l of the box between }:he
' point of projection P and the point Q where_the particle
lands (assume that the particle does mot hit any other
surface of the box. Neglect air resistance.)
(b) if the horizontal displacement of the partcle as seen by an
.observeer on the ground is zero, find the speed of the box

- wi und at the instant when the particle
with respect to the gro } pied

' (JEE 1998)

wrae nraiantarl
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-angle 120°. Fihd :

10 Problems in Physics
; A cart is moving along X-direction with a velocity of 4 m/s. A person on the cart

throws a stone with a velocity of 6 m/s relative to himself, In the frame of reference of the cart the |

stone is thrown in Y-Z plane making an anglé of 30° with vertical z-axis, At the highest point of its:
trajectory, the stone hits an object of equal mass hung vertically from branch of a tree by meansofa
string of length L. A completely inelastic collision occurs in which the stone gets embedded in the
object. Determine : - . : ' ST
(D the speed of the combined mass immediately after the collision with respect to an observer
on the ground. - ' T
(i) the length L of the string such that the tension in the string becomes zero when the string
becomes horizontal during the subsequent motion of the combined mass. (g = 9:8 m/s 2.
‘ R | (JEE1997)
Two guns situated on the top of a hill of height 10 m fire one shot each with the same
speed 5v3 m/s at some interval of time. One gun fires horizontally and other fires upwards at an
‘angle of 60° with the horizontal. The shots collide in air at point P. Find - : ST
(a) the time interval between the firings'and : S : '
(b) the coordinates of the point P. Take origin of the coordinate system at the foot of the hill
. right below the muzzle and trajectories in x-y plane. (g = 10 m/sz)xﬁ,;-h 2. (JEE-1996)
Two towers AB and CD are situated a B -
distance d apart as shown in figure. AB is 20 m high and CD is
30 m high from the ground. An object of mass m is thrown
from the top of AB horizontally with a velocity of 10 m/s .
towards CD. , - ' :
Simultaneously another object of mass 2 m is thrown
from the top of CD at an angle of 60° to’ the hotizontal A
tolards AB with the same magnitude of initial velocity as
that of the first object. The two. objects move in the same’
vertical plane, collide in mid-air and stick to each other.
- () calculate the distance d between the towers, _
(i), find the position where the objects hit the ground,

@=98mys?) (JEE 1994)

_. Abullet of mass M is fired with a velocity 50 m/s at an angle Bwith the horizontal At

the highest point of its trajectory, it collides head on with a bob of mass 3M suspended by a massless.
wing o ength 2 m and ges embedded i the bob. Aferthe collislonthe sing moves tho

(a) theangled S T e :
. (B) the vertical and horizontat coordinates of the iriitial position of the bob with respect to’the.
.o pointof firing of the bullet (g =10m/s%. ©. - © T (JEE 1988)

imultaneously from the ground and climb with
LXMW Two men of masses M and M + mstart simu ' .
occelerations up from the frée ends of a massless inextensible rope which passes over a smooth
u

ulley at a height h from the ground. <
d (a) Which man reaches the pulley ﬁrst..
(b) If the man who reaches first takes time
man from the pulley at that instant. -
In the arrangement shown in figure, all pulleys are smooth and massless.

When the system is released from rest, accelerations of blocks 2 and 3 relative to 1 are
1 m/s® downwards and 5 m/s? downwards. Acceleration of block 3 relative to 4 is zero.

t to reach the pulley. Find the distance of the second

Find the absolute accelerations of blocks 1, 2, 3and 4.

The system shown in figure is in equilibrium. Find the force F and
magnitude of total force on the bearing of pulley C. Each pulley is free to rotate abo;lt o
its bearing, and the weights of all parts are small compared with the load. (g = 10 m/s°)

PWNNNAFYN Determine the constraint equation which relates the
accelerations of bodies A, Band C.




12 Problems in Physics ;

Under the action of a force F the
constant acceleration of block B is 3 m/s2 to the right. At
the instant when the velocity of B is 2 m/s to the right,
determine the velocity of Brelative to A; the acceleration |
of Brelative to A and the absolute velocity of point C of the cable.

MO IS A small bead of mass mis free to move inside a smooth vertical semicircular ring of

radius R. The bead is attached to one end of a massless spring of force constant k = 2mg and natural

3R )
lenght/, = e The"bther end of the spring is fixed at the centre of the ring. How

does the normal reaction on the bead and tangential acceleration of it varies with
angle 0 (show graphically), where 0 is the angle which the spring makes with a
vertical line passing through the centre of the ring. The bead is released from the position shown in figure.

MCLICTUIEEN O is the centre of a circular disc of mass 50 kg which restsin a
vertical plane on two rough pegs A and B, the coefficient of friction with each

.1
being > AOmakes 60 °and BOmakes 30 °with the vertical. Find the maximum

force F, which can be applied tangentially at the highest point of the disc m y
without causing rotation of the disc. (g =10 m/s?)

Three blocks shown in figure have the masses m Aa=lkgmg =2
kg and me =1kg. A time varying force (in newtons) F = 20t is applied on the
pulley as shown in figure (here tis in seconds). Find the relative velocity between

blocks B and A, when block C has acquired a velocity of 25 m/s. (g = 10 m/s?)
Both the pulleys are massless and friction is absent everywhere.

A package is at rest on a conveyor belt which s initially at rest. The belt is started and
moves to the right for 1.3 s with a constant acceleration of 2 m/s%. The belt then moves with a constant
deceleration and comes to stop after a total displacement of 2.2 m. The coefficient of friction between the
package and the belt arep; =035and u, =025,

1l?)eterr;:ine the displacement of the package relative to the belt as the belt comes to stop. Take
g=10m/s

A car travelling at 28 m/s has no tendency to slip on a track of radius 200 m banked at
an angle 6. When the speed is increased to 35 m/s, the car is just on the point of slipping up the track.
Calculate the coefficient of friction between the car and the track. (g = 9.8 m/52)

Problems

Two blocks of mass 10 kg and 2 kg respectively are
connected by an ideal string passing over a fixed smooth pulley as shown in
figure. A monkey of 8 kg started climbing the string with a constant ,p
acceleration 2m/ s with respect to the string at ¢ = 0. Initially the systemn is in
equilibrium and the monkey is at a distance of 2 m from the pulley. Find the

time taken by the monkey to reach the pulley.

If masses of the blocks A and B shown in figure (a) and (b) are 10 kg and 5 kg
respectively, find the acceleration of the two masses. Assume all pulleys and strings are ideal.

Two identical blocks each having a mass of _ .  wkaaed £ = 40 ¢
20 kg are connected to each other by a light inextensible 3

string as shown and are placed over a rough surface. Pulleys
are connected to the blocks.

Find acceleration of the blocks after one second after the #=04 r=04
application of the time varying force of 40t N, where t is in second.
CIIEINICI An insect lying on the bottom of the hemi-spherical bowl tries to : 0

come out from it. The coefficient of static friction between insect and bowl is 0.5.
How high up does the insect go without slipping? Now if the bowl starts rotating
about axis as shown in figure. At what angular speed o will the insect just be able to
come out of the bowl? (Radius of the bowl 5 cm)

There is a parabolic-shaped bridge across a river of width 100 m. The highest point of
the bridge is 5 m above the level of the banks. A car of mass 1000 kg is crossing the bridge at a constant

speed of 20 ms™!.
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Using the notation indicated in the fi i
. - gure, find the force exerted on the bridge by th iti
the highest point of the bridge. (Ignore air resistance and take gas10ms) setyfhe carwhenitisat

LTI A sphere rests between a smooth wall
TR and a smooth
inclination to the horizontal is o = 60° Mass of sphere is ' ooth wedge of mass M whose

mand its radius is R. The wedge initially touches the right
u./all. The vertical side of the wedge is connected to the
side \:lnall with the help of light spring of force constant
k= n?g, where m is a positive constant. Find the
m.inimum value of nfor which the sphere does not collide gy :
with the horizontal surface; if the spring is let gointhe

position shown and spring is initially compressed. Negl icti i

. Neglect friction. Also find th
the sphere and the right side vertical wall in critical case. ? nomalreaction between

Block B of mass 10 kg rests as shown on the upper
surface of a 22 kg block A. Find acceleration of block A and
magnitude of acceleration of block B relative to A. Neglect friction.
Wedge is fixed (g = 10 m/s?)

HCLICIONV(N A 25 kg block A rests on an inclined surface and a 15
kg counter weight B s attached to a cable as shown. Neglecting friction,
determine the acceleration of A, acceleration of B and tension in the

cable after the system is released from rest, Cable is parallel to the plane.
Take g = 10 m/s?.

Problem 71. N3 kg block Brests as shown on the upper surface of a

15 kg l.)lock A. Neglecting friction, determine immediately after the
system is released from rest

(a) the acceleration of A
(b) the acceleration of B relative to A.
Take g= 10 m/s?. (wedge is fixed)

Problems

SO The 10 kg solid cylinder is resting in the inclined
V-block. If the coefficient of static friction between the cylinder and

the block is 0.5, determine _
{a) the frictional force F acting on the cylinder at each side
before force P is applied :
{b) the value of P required to start sliding the cylinder up the
incline (g = 98 m/s?) )

AOLIEGIWEN In the given figure, assume that there is no friction
between block B and the surface on which it moves and the coefficient

of friction between blocks A and B is .
(a) find the minimum value of M so that block A starts sliding

over B.
{b) if M is two times that obtained in part (a), find the time when
the block A topples from B.
A wedge of mass M =4 kg with a smooth quarter
circular plane is kept on a rough horizontal plane. A particle of mass
m=2kg is released from rest from the top of the wedge as shown in
figure. Find the minimum value of coefficient of friction between the
wedge and the horizontal plane so that the wedge does not move during

complete journey of the particle.

A block A of mass m and length / is placed on a B
horizontal floor. A rectangular box B is used to cover A. The distance s e
between interior of the walls of Bis L (>1) and the mass of Bis alsom. The
coefficient of friction between A and floor is u; and that between B and
floorisp o (U5 > 1Lq). Initially the left end of A touches the left wall of Bas
shown in figure and both A and B move with velocity v, towards the
right. All collisions between A ad B are elastic and contact time during
each collision is very short. Find an expression for the period between &
two consecutive collisions.

2CLICI VA A point mass of 0.5 kg moving with a constant speed of 5 m/s on an elliptical track
experiences an inward force of 10 N when at either end point of the major axis and a similar force of
1.25 N at each end of the minor axis. How long are the axes of the ellipse.

MU A disc of mass m and radius 1 m is hinged at its
centre on a frictionless horizontal surface. It has a massless wall of

short height around the circumference. A small particle of mass % "'

is projected with velocity 10 m/s keeping it in contact with the wall
and base of the disc. If coefficient of friction between the small
particle and the base of the disc in 0.5 and the wall is smooth. Find
the angular displacement of the mass after 2 sec.



- will come in a line. (Take g =10m/s?)
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MO GIUIREE [ the above problem, the coefficient of friction between the particle and the wall is 0.5

and the base of disc is smooth. Find the time after which relative motion between the two is stopped

Poblem 7. Two blpcks A and B connected to each other by a
Ztlrmg and spring. The string passes over a frictionless pulley as shown in
e figure. When the block C is moving on an inclined plane with

. g
acceleration 5 upward, block B of mass 2 kg slides over the top surface

of plock C and block A slides over the side wall of C, both with the same
uniform speed. Coefficient of friction between all the blocks is 0.2. The
force constant of the spring is 1800 N/m. Find: -

(a) the mass of the block B.

(b) energy stored in the spring.

= I1T JEE PROBLEMS —==

Two blocks A and B of equal masses are released
from an inclined plane of inclination 45° att = 0. Both the blocks are
initially at rest. The coefficient of kinetic friction betweén the block
A and the inclined plane is 0.2 while it is 0.3 for block B. Initially the
block A is+/2 m behind the block B. When and where their front faces

(JEE 2004)

Prlm 81. ,. In the figure, masses m,, m,and M are 20 kg, 5 kg and 50 kg respectively. The
coefficient of friction between M and ground is zero. The coefficient of friction between m; and M

and that between m , and ground is 0.3. The pulleys and the strings are massless. The string is

getr‘f:cdy horizontal between P, and m, and also between P, and m ,.The string is perfectly vertical
etween P, and Pz‘. An external horizontal force F is applied to the mass M. Take g =10m/ 2.

(@) Draw a free body diagram of mass M, clearly showing ail the forces.

Problems =

(b) Let the magnitude of the force of friction between m, and M be f; and that between m pand
ground be f, . For a particular F it is found that f, = 2f,. Find f; and f,. Write equations of

motion of all the masses. Find F, tension in the string and accelerations of the masses. - -
(JEE 2000)

Two blocks of mass m, =10kg and m, = 5kg connected to each otherbya massless
inextensible string of length 0.3 m are placed along a diameter of turn table. The coefficient of
friction between the table and m, is 0.5 while there is no friction between m, and the table. The
table is rotating with an angular velocity of 10 rad/s about a vertical axis passing through its centre O.
The masses are placed along the diameter of the table on either side of the centre O such that the
mass m, is at a distance of 0.124 m from O. The masses are observed to be at rest with respect to an
observer on the turn table. (g =9.8m/s) :
(i) Calculate the frictional force on m,.
(i) What should be the minimum angular speed of the turn table so that the masses will slip
from this position. o
(iif) How should the masses be placed with the string remaining taut so that there is no frictional
force acting on the mass m;. (JEE 1997)

A smooth semicircular wire track of radius R is fixed in a
vertical plane. One end of a massless spring of natural length 3R/4 is attached
to the lowest point O of the wire track. A small ring of mass m which can slide
on the track is attached to the other end of the spring. The ring is held stationary
at point P such that the spring makes an angle 60° with the vertical. The spring
constant k = mg/R. Consider the instant when the ring is released.

() Draw the free body diagram of the ring. '

(ii) Determine the. tangential acceleration of the ring and the normal
reaction. (JEE 1996)

A hemispherical bowl of radius R = 0.1mis rotating about its own axis (which is
vertical) with an angular velocity m. A particle of mass 1072 kg on the frictionless inner surface of the
bowl is also rotating with the same ®. ok .
The particle is at a height h from the bottom of the bowl.
(a) Obtain the relation between h and ®. What is the minimum value of ® needed, in order to
have a non-zero value of h? ' :
(b) It is desired to measure g (acceleration due to gravity) using this set-up, by measuring h
accurately. Assuming that R and o are known precisely, and that the least count-in the
measurement of h is 10~ m, what is the minimum possible error Ag in the measured value
(JEE 1993)

of g?




B
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A thin circular rod is supported in a vertical plane by a D
bracket at A. Attached to the bracket and loosely wound around the rod is a
spring of constantk = 40 N/m and undeformed length equal to arc of the circle
AB. A 0.2 kg collar C, not attached to the spring, can slide without friction
along the rod. The collar is released from rest at an angle 8 with the vertical.
(a) Make the equation for minimum value of 6 for which the collar will
pass through D and reach point A.

(b) Determine the velocity of collar as it reaches point A for minimum
value of 6. (Take g = 10 m/s?)

KCLIEUIKN A body of mass mslides down a plane inclined at an angle o.. The coefficient of friction
is . Find the rate at which kinetic plus gravitational potential energy is dissipated at any time .

The two particles of mass mand 2m respectively are connected by
arigid rod of negligible mass and slide with negligible friction in a circular path of
radiusr on the inside of the vertical circular ring. If the system is released from rest at
0 = 0° determine

(a) the velocity v of the particles when the rod passes the horizontal position,

(b) the maximum velocity Umax Of the particles and

(c) the maximum value of 6,

A person rolls a small ball with speed u along the floor
from point A. If x = 3R, determine the required speed u so that the ball
returns to A after rolling on the circular surface in the vertical plane
from Bto C and becoming a projectile atC. What is the minimum value
of x for which the game could be played if contact must be maintained
at point C. Neglect friction.

Probem (M If the system is released from rest, determine the
speeds of both masses after B has moved 1 m. Neglect friction
and masses of the pulleys. (g = 10 m/s?)

9
Problems 1 ‘

FIICIGEE The free end of a flexible rope of length L and mass A per unit it
length is released from rest in the position shown in the (a)-part of the figure.
Determine the velocity v of the moving portion of the rope in terms of y.

A disc slides up without friction a hill of height h whose
profile depends only on the x-coordinate (figure a). At the bottom the disc
has the velocity v; whose direction forms the angle o.; with the X-axis (see
figure b, top view). Find the direction of motion of the disc after it reachgs
the top, i.e., find the angle a5. Also describe the condition that the disc
cannot overcome the hill.

A small object loops a vertical loop of radius R in =
which a symmetrical section of 200 has been removed. Find the
maximum and minimum heights from which the object after loosing
contact with the loop at point A and flying through the air, will reach
point B. Find the corresponding angles of the section removed for
which this is possible. ’

A car of mass 4m holds a block of mass m which is o
attached to the former by means of a spring of spring constant k, as shown | k ’ -

in the diagram. All surfaces are frictionless and the wheels are massless. !__:::“"_““v"'_'v - am
The system is at rest. A bullet of mass m is fired at the first block with a (53

horizontal velocity v, and sticks to it. Find:

(a) the velocity of the car at the moment when the spring undergoes maximum compression.
(b} the maximum compression of the spring.

A block of mass 2 kg approaches a spring of stiffness k = 80 12&,
N/m on a smooth horizontal plane with a speed of 10 m/s. Find the time in
which kinetic energy of the block reduces to 50% of its initial kinetic energy.
Assume t = QO when the block just touches the spring, for the first time.

A pendulum bob of mass m is suspended at rest. A constant horizontal
force F = mg starts acting on it. Find:

(a) the maximum angular deflection of the string.

{b) the maximum possible tension in the string.

F=mg
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A small bob ‘P’ of mass ‘7 is attached
with a thread of length ‘I'. If the bob * P’ is given a velocity
in such a way, that it just completes a vertical circle, then
find the possible value of velocity, with which we can
project an another bob ‘ @ of same mass ‘m’, which can hit
the bob ‘ P’ at the topmost point of their trajectory and falls
vertically down after collision (The collision between ‘P’
and ‘@ is perfectly inelastic). Also find the angle with the
horizontal and the distance from the bottommost point of A
bob :P’ from where the bob ‘ Q should be projected. (The )
bob ‘@ was not necessarily projected, when ‘ P’ was at the bottom of its trajectory).

Iit JEE PROBLEMS =—=

A spherical ball of mass m is kept at the
highest point in the space between two fixed, concentric
sph_’eres A and B (see figure). The smaller sphere A has a
radius R and the space between the two spheres has awidth
d. The ball has a diameter very slightly less then d. All -
surfaces are frictionless. The ball is given a gentle push Sphere B
(thvards the right in the figure). The angle made by the
radius vector of the ball with the upward vertical is denoted
‘by @ (shown in the figure). e
(a) Express the total normal reaction force exerted by
the spheres on the ball as a function of angle 6.
(b) Let N al14 and N denote the magnitudes of the Shere A :
. morma reaction forces on the ball exerted by the: heres A and B i Sk e
. variations of N 4 and N as function of cos@ in th:p range 0<O<mn ia;esdngv'}:f&ik::;gfg::

graphs in your answer book, taking cos on the horizontal axes. (JEE 2002)
Proble | S ST o 4
CLICTHNELE A particle is suspended vertically from i y an it ibl
—. - le is susp y from a point O by an inextensible *
%lassless string o_f length £, .A vertical'line AB is at a distance of L/8 from O;aé,sho:vx: Ll
he ullaamcle is given a horizontal velocity u. At some point, its motion. ceases to be ! L
circular and gveptual%y the object passes through the line AB. At the instant of crossing ;
AB, its velocity is horizontal. Find u. ) (JEE 1999) ‘
A 4
u
B

| 4 | CONSERVATION:¢ ,
CoLLiSION, IMPULSE

CHABTER

A 60 kg man and a 50 kg woman are standing on opposite ends of a platform of mass
20 kg. The platform is placed on a smooth horizontal ground. The man and woman begin to approach
each other. Find the displacement of the platform when the two meet in terms of the displacement x ¢ of
the man relative to the platform. The length of the platform is 6m.

A drinking straw of length 3a/ 2 and mass 2m s placed on a square table of side'd
parallel to one of its sides such that one third of its length extends beyond the table. An insect of massm /2
lands on the inner end of the straw (i.e, the end which lies on the table) and walks along the straw until it
reaches the outer end. It does not topple even when another insect lands on top of the first one. Find the
largest mass of the second insect that can have without toppling the straw. Neglect friction.

SIS BRI A cannon of mass mslides down a smooth inclined plane forming the angle o with the
__)
horizontal. At the moment when the velocity of cannon reaches v it fires a shell in a horizontal direction

_—)
with the result that the cannon stops and the shell carries away the momentum p. Suppose that the firing
duration is A t. What is the reaction force of the inclined plane averaged over the time A t. .

A car of mass 1000 kg and running at 25 m/s holds three men each of mass 75 kg.
Each man runs with a speed of 5 m/s relative to the car and jumps off from the back end. Find the speed
of the car if the three men jump off ‘

(i) insuccession

(i) all together. Neglect friction between the car and the ground. Ring

ISYPY™IETEN A ring of mass m can slide on a smooth horizontal wire. The ring is =
attached to a particle of mass 3m by a string of length I. A horizontal velocity v, is given
to the ring. Find the maximum angle the string will make with the vertical in subsequent

motion.
Particle

WSNPRETYE Two bodies of mass my =1kg and m, = 2kg move towards each other in mutually
perpendicular directions at velocitiesv; =3m/s andv, =2m/s. As aresult of collision, the bodies stick
together. Determine the amount of heat liberated as a result of collision.

A particle of mass mmoving with a velocity (3f + 2j) my/s collides with a stationary body
of mass M and finally moves with a velocity (2 +j)m/s If % =13’ find:
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{a) the impulse received by each.:
(b) the velocity of the M.
(c) the coefficient of restitution. -

A hemisphere of mass M and radius R is
at rest. One solid sphere of mass 2M and radius R, moving
with a velocity v, collides with the hemisphere. If e is the
coefficient of restitution, find the speed of the hemisphere
and the solid sphere after collision. [

kL=0

e LM YA You are given three billiards-tables of different lengths and the same width. Balls are
struck simultaneously from the edge of one of the long .

sides of each table (fig.) with velocities which are equal in
direction and magnitude. Is it possible that these balls J J d‘
should not return to the side from which they started at
exactly the same moment?

LI U A rope thrown over a pulley has a ladder with a man A on one of its ends and a

_)
counterbalancing mass M on its other end. The man whose mass is m, climbs upwards by Ar relative to

the ladder and then stops. Ignoring the masses of the pulley and the rope, as well as the friction in the
pulley axis, find the displacement of the centre of mass of this system.

1 JuNpU Two identical particles are projected at the same instant from points A and B at the
same level, the first from A towards B with velocity u at 45° above AB and the second from B towards A
with velocity v gt 60° above BA. If the particles collide directly when each reaches its greatest height,

find the ratio v_z and prove thatu? = ag (3 - v3) where a is the distance AB. After the collision the first
u

particle falls vertically. Show that the coefficient of restitution between the particles is (/3 — /(3 + 1).

ACNUIEEUN A boy throws a ball with initial speed 2 \Jag at an angle 6 to the horizontal. It strikes a
smooth vertical wall and returns to his hand. Show that if the boy is standing at a distance ‘a’ from the
wall, the coefficient of restitution between the ball and the wall equals m Also show that 6

sin20-1)
cannot be less than 15°.

Aball falls freely from a height onto an smooth inclined plane forming an angle o with
the horizontal. Find the ratio of the distance between the points at which the jumping ball strikes the
inclined plane. Assume the impacts to be elastic.

MO CLIEBPN A ball is projected from a point A on a smooth inclined plane which makes an angle o
to the horizontal. The velocity of projection makes an angle 8 with the plane upwards. If on the second

bounce the ball is moving perpendicular to the plane, find ein terms of o and 6. Here e is the coefficient of
restitution between the ball and the plane.

Two identical smooth balls are projected towards each other from points A and B or
the horizontal ground with same speed of projection. The angle of projection in each case is 30°. The
distance between A and B is 100 m. The balls collide in air and return to their respective points of
projection. If coefficient of restitution is e = 07, find

Probiems 23

a) the speed of projection of either ball. _
Eb)) coordinates of point with respect to A where the balls collide. (Take g = 10 m/s?)

A ball strikes the wall at point A (e; = 05)
and then hits the ground at B (e, = 0.3). Find the distance x

from the point O, where should a fielder be to catchtheball 24m
at a height of 1.2 m from the ground. Here eis coefficient of
restitution. Take g =10 m/sZ.

Two smooth spheres A and B of equal radius but of masses m and M respgctively are
free to move on a horizontal table. A is projected with speed u towards B vn.zhich is at rgst. On 1mpaFt, the
line joining their centres is inclined at an angle 8 to the velocity of A before impact. If eis the coefflcgen; _°f
restitution between the spheres, find the speed with which B begins to move. If A deviates by 90° from its

initial path, find the angle 6.

A shell of mass m = 1 kgis fired from a gun of mass M = 10 kgfrom x = Owith an :miﬁal
speed u relative to the gun as shown in figure. The gun is situated on a horizontal ﬂoor.. The gun stnkes a
wall at x = L moving towards negative x-direction with velocity v. Find the coefﬁc1ent.of restitution
between the shell and the wall so that the shell returns to the point 02 the gun from where it was started.
Take u =10m/s, L = 4 m and v = 2 m/s. Neglect friction. (g =10 m/s®) .

Two identical cubes A and B of same mass 2m and side 2d are placed one over the
other as shown in figure. B is attached to one end of a spring of force
constant k. The other end of the spring is attached to a wall. The system is
resting on a smooth horizontal surface with the springin the relaxed .state.
A small object of mass m moving horizontally with speed v at a height d
above the horizontal surface hits elastically the block B along the line of
their centre of mass. There is no friction between Aand B: P
(a) find the minimum value of v (say vp) such that block A will topple
over block B :
(b) ifv=vy/2 find the amplitude of oscillation of block spring system.

Three identical particles A,B and C lie on a smooth
horizontal table. Light inextensible strings which are just taut connect ABand 135° c
BC and £ABC is 135°. An impulse J is applied to the particle C in the L?B
direction BC. Find the initial speed of each particle. The mass of each particle A

ism.
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A mass 2m rests on a horizontal table. It is attached to a light
inextensible string which passes over a smooth pulley and carries a mass m at the
other end. If the mass m is raised vertically through a distance h and is then
dropped, find the speed with which the mass 2m begins to rise.

A small ball of mass m is connected by an inextensible massless
string of iength | with an another ball of mass M =4m. They are released with zero
tension in the string from a height h as shown in figure. Find the time when the string
becomes taut for the first time after the mass M collides with the ground. Take all
collisions to be elastic.

h

A 2 kg sphere A is connected to a fixed point Oby an inextensible
cord of length 1.2 m. The sphere is resting on a frictionless horizontal surface at a
distance of 0.5 m from Owhen it is given a velocity v in a direction perpendicular to
the line OA. It moves freely until it reaches position A’ when the cord becomes taut.
Determine
(a) the maximum allowable velocity v if the impulse of the force exerted on
the cord is not to exceed 3 N-s

(b) the loss of energy as the cord becomes taut, if the sphere is given the
maximum allowable velocityv,.

Ball B is hanging from an inextensible cord BC. An identical ball A is
released from rest when it is just touching the cord and acquires a velocity v, before
striking ball B. Assuming perfectly elastic impact (e =1) and no friction, determine the
velocity of each ball immediately after impact.

Figure shows a small block of mass m=1kg which is
given a horizontal velocity vy = 10 m/s on the horizontal part of the bigger
block of mass M = 9 kg placed on a horizontal floor. The curved part of the
surface shown is semicircular of radius R = 1 m.Find the distance from point  §
B where the block m lands finally after looping the semicircular part BCD. §

Neglect friction everywhere. Assume that the horizontal portion AB is long o
enough. (g =10 m/s2)

25
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i d mass mg when empty is
AIIEYIN A railroad car of length L an ss Mo .
ng freely on a smooth horizontal track while being loaded with sand

dm .
i am _ .. Knowing that the car was
from a stationary chute at a rate o q g

roaching the chute at a speed vg. Determine
PP (a) the speed of the carvy at the instant when the car has cleared the

chute. '
(b) the mass of the car and its load at that instant. N
ST RV A particle whose initial mass is mq is projected verﬁcaﬂy upwards a’f/';m;fe ﬂt; = gd\;/t;d
speed T where T is a constant. At time t the mass of the particle has increased tomge™ . i the

mass is at rest relative to particle when it is acquired, find the time when it is at highest point and mass at

that instant.

POTILIEAN A rain drop falls from rest in an atmosphere saturated. u.zif(h water vfacpl)our.‘ As it f;(l)l:,]
water vapour condenses on the drop at the rate of mass i per second. If initial mass ot drop 1s My,

much distance the drop falls in time £.

PEEVIA A cannon with bullets of total mass I.VI 0 is
kept on a rough horizontal surface. The coefficient of friction

between the cannon and the surface is L. If the cannon fires
bullets with constant frequency with a relative velocity u, ﬁ.nd
the velocity of the cannon when its mass with remaining
bullets become M after time &. Initially cannon was ?\t 'rgst.
Assume that the thrust force is greater thanthe limiting
friction right from the beginning.

=1m/
PSSETEEEEN A long thin carpet is laid on the floor. One end of ttxe (_-__> v=1mis
carpet is bent back and then pulled backward§ wi_th cFJnstant veloc;ty 5 —
v =1 m/s, just above the part of the carpet which is still at rest on the
floor.

i rt. .
Find the speed of centre of mass of the moving pa. . - :
Ela))) What is the minimum force needed to pull the moving part, if the carpet has unit length and unit

mass.

A light inextensible thread passes over a small
frictionless pulley. Two blocks of masses m=1kg fand M =3kg
respectively are attached with the thread as shown in the figure.

The heavier block rests on a horizontal surfice. A shell of
mass 1 kg moving upward with a velocity 10ms™ collides and
sticks with the block of mass mas shown in the figure att = 0. If the
inclined plane is smooth. Calculate:

(a) maximum height ascended by M.

(b) time ‘f at that instant.
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A particle is projected horizontally with a speed of
u =10 m/s from point A. A steel frame is rigidly fixed as shown in the
figure. The frame may be considered as an arc of circle with centre at A
and radius R = +/21 m. At which point will the particle strike the frame?

If the particle rebounds elastically from the frame will it again strike it?
Take g =10 m/s?

e s = IIT JEE PROBLEMS ===

A particle of mass m, moving in a circular path
of radius R with a constant speed v, is located a point (2R, 0) at
time t = 0 and a man starts moving with a velocity 'vl along the
positive y-axis from origin at time ¢t =0. Calculate the linear

momentum of the particle w.r.t. the man as a function of time. -

. (, 0) ¢
(JEE 2003)

Two point masses m; and m, are conriected by a spring of natural length I,. The
spring is compressed such that the tio point masses touch each other and then they are fastened by a
string. Then the system is moved with a velocity v-along positive x-axis. When the system re'ach'e's' the
origin the string breaks (¢ = 0). The position of the point mass rfz—l is given by :
x; =vot —~A(l—coswt) ° - where A'and o are constants.
Find the position of the second block as a function of time. Also find the relation between A and [,
(JEE 2003)
A car P is moving with a uniform speed
of 5V/3 m/stowards a carriage of mass 9 kg at rest kept on
the rails at a point B as shown in figure. The height AC is
120 m. Cannon balls of 1 kg are fired from the car with an
initial velocity 100 m/s at an angle 30° with the
horizontal. The first cannon ball hits the stationary
carriage after a time t,, and sticks to it. Determine t,. At
to, the 'second cannon ball is fired. Assume that the . L
resistive force between the rails and the carriage is constant and ignore the vertical motion of the
carriage throughout. If the second cannon ball also hits and sticks to the carriage. What will be the
-horizontal velocity of the carriage just after the second impact ? Take g =10m/s? : '(1'55'2001)

‘inclined plane and are separated by a distance of 6.0 m as shown.

27
Problems

PSRN Two blocks of mass 2 kg and M are at rest on an

The coefficient of friction between each block and the incline:d p%ane

is 0.25. The 2 kg block is given a velocity of 10.0 m/s up the inclined

plane It collides with M, comes back and has a velocity of 1.0 m/s

when it reaches its initial position. The other block M after 'the

collison moves 0.5 m up and comes to rest. Calculate the coefficient

of.restitution between the blocks and the ma;ss of the block M.
[take sin 6 ~tan© = 0.05and g =10m/s"]

(JEE 1999)

A large open top container of negligible mass and uniform cross-sectic?nal f«n:ea A
has a small hole of cross-sectional area A/100 in its side wall near the bottom. The. container m.kel');
on a smooth horizontal floor and contains a liquid of density pand mass ™My Assuming that the liqui
starts flowing out horizontally through the hole att =0, calculate :
» . : ) - . 3 d

(i) the acceleration of the container, an '

(ii) its velocity when 75% of the liquid has drained out. - (JEE 1997)
A small sphere of radius R is held against the inner surface of larger sphere of
radius 6R (as shown in figure). The masses of large and small spheres are 4M and M respectively. This
arrangement‘ is placed on a horizontal table. There is no friction between any surfaces of contact. The
small sphere is now released. Find the coordinates of the centre of the large sphere, when the smaller

iti JEE 1996)
sphere reaches the other extreme position. ( )
- “

fA' cylindrical, solid of mass 10 kg and cross-secional area 10 m? is movxlr.lg
parallel to its axis (the X-axis) with a uniform speed of 10° m/s in the positive direcppg. Att =0;its
front féce pésées the plane x=0. The region to the right of this plane is filled with sta]nonefr_y dustt
particles of uniform density 10~ kg/m®. When adust particle collides with the face of the cylinder, it
sticks to its surface. Assuxmng that the dimensions of the cylinder remain pra’ctlcally gnchanged,f a;d
that the dust sticks'onlj to the front face-of the cylinder, find the x-coq;dmgtg of the f(r:élé ;993«; _
cylinder att.=150s. L - CEE TS




problem 142. A wheel of radius r rolls to the left without slipping and

HOETORNEEN A ring of radiu i
: A/ s R rolls without slipping on
horizontal plane with constant velocity v. Find the DOSiﬁOl?'\ s\gzelocitz

and acceleration of any point P on the ci
. . e circumference of the ring at '
time t. Assuming that point P was at origin at time t=0. saen

SRR A 4mlong rod ABslides down the plane withv 4, =4 m/sto theleftanda, =5 m/szvto

Probiem. 140. JFa\ cylir_lder of diameter 0.3 m and mass 25 kg
rest§ on a rpugh surface as shown in figure. The coefficients of
static and kinetic frictions are ¢ = 04 and i, = 0.35. Determine

the minimum value of P to be applied
¢ . .
e oo & o pplied to roll the cylinder without

0.3m

0.025m | ; T
6

| . ' - bt
roblem SN Two .heavy and light cylindrical rollers of

iameters D and d respectively rest on a horizontal plane as shown in
ﬁgure. The larger roller has a string wound round it to which
honzoptal force P can be applied as shown. Assuming that thfzl
coefficient of friction |1 has the same value for all surfaces of contact

determine the limits
the smaller one. its of | so that the larger roller can be pulled over

problems

at the instant considered the centre O has a velocity vp and acceleration ag
to the left. Determine the magnitude of acceleration of points A and C on
the wheel for the instant considered.

A sphere of radius r and mass m has a linear velocity vg directed to the left and no
angular velocity as it is placed on a belt moving to the right with a constant velocity v, . If after sliding on
the belt the sphere is to have no linear velocity relative to the ground Vo s
as it starts rolling on the belt without sliding. In terms of v; and the 1. {”V——i_ — 717%{
coefficient of kinetic friction W between the sphere and the belt, L * —
determine

(a) the required value of vy

(b) thetimet; at which the sphere will start rolling on the belt
(c) the distance the sphere will have moved relative to the ground at time £;..

Two identical rods of same mass and length ‘I’
are hinged at P as shown. Initially rod 2 was perfectly horizontal.
Find the angular acceleration of rod 1 at the moment the string

N

connecting the rod 2 in cut.

Problem BT A ring of radius R is rolling (without slipping) over a rough
horizontal surface with a velocity vg. Two points are located at Aand Bon the rim

of the ring. Find the velocity of Aw.rt. B.

WL A disc of radius R is given a linear velocity v, and an v,
angular velocity % and placed on a rough surface as shown in the figure. ®

Assume coefficient of kinetic friction =}l
(@) Will the disc return?
(b) Plot a curve for linear velocity of disc with respect to time,
~ indicating appropriate values of velocities and time.

A uniform bar of length L and weight W
stands vertically touching a vertical wall (y-axis). When slightly
displaced, its lower end begins to slide along the floor (x-axis).
Obtain an expression for the angular velocity () of the bar as a
function of 8. Determine the distance moved by the lower end at
which the bar no longer touches the vertical wall. Neglect friction

Y
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A rectangular lamina of length | breath b, and

mass M rotates with angular velocity —(3 about an axis ACB in the
plane of lamina as shown in figure. Axis of rotation passes through 2
centre of mass C of the lamina making an angle 6 with one of the _bl:-:

sides. Find the angular momentum of the lamina about C and its
component about axis of rotation.

- ith constant
) the shortest distance in which it can be stopped from a speed of 72 km/hr wi
¢ deceleration so that the block is not disturbed.
The following data are given

Problems in Physics ;

b=06m, h=09m
p=05 and g =98 m/s?

A block of mass M =4 kg of

ight'h' readth ‘b’ is placed on a rough plan.k
h?lggin’; a:lgsl: M. A light inextensible string is
zonnected to the upper end of the block .and passed
through a light smooth pulley as shown in ﬁgu.re. A
massm = 1kgis hung to the other gn‘d of the string. f
(a) What should be the minimum value o
coefficient of friction between the‘blgck

and the plank so that, there is no slipping

between the block and the wedge ?

: 5:71____> X

A thin uniform bar of mass m and length 2L is held at
an angle 30° with the horizontal by means of two vertical inextensible
strings, at each end as shown in figure. If the string at the right end breaks,
leaving the bar to swing determine the tension in the string at the left end
and the angular acceleration of the bar immediately after string breaks.

¥

1 i =mj = 20kg and radius R=01m are
i | rollers each of mass my, =mg D1
Problem IS A uniform slender bar AB of mass m and length L supported { cyhnd;lcl:la :l’c:eei T oo lane oy a foroe P appliod af an angle 30 it the
- by a frictionless pivot at A is released from rest at its vertical position as shownin ]| % moved up

figure. Calculate the reaction at the pivotw
position shown dotted. If at this instant, th
and allowed to move for ¢ second furt
velocity of the centre of mass at that instant.

KCLTE N A uniform thin rod AB of mass M =06 kg and
length I = 60 cm stands at the edge of a frictionless table as shown in

figure. A particle of mass m = 03 kg flying horizontally with velocity
Vo = 24 m/s strikes the rod at point P at a height 45 cm from base and
sticks to it. The rod is immediately driven off the table. Determine the
co-ordinates of centre of mass (COM) of the combined system with

hen the bar just acquires the horizontal
e bar is released from its support gently
her, estimate its angular speed and the

edge of the table as origin when rod becomes horizontal for the first wmerym—

time (g = 10 m/s?).

CENEFN A block of tass m height 2h and width 2b rests
on a flat car which moves horizontally with constant acceleration

'd as shown in figure. Determine :
(a) thevalue of the acceleration at which slipping of the block
on the car starts, if the coefficient of friction is
(b) thevalue of the acceleration at which block topples about
A, assuming sufficient friction to prevent slipping and

(b) Find the minimum value of b/h so that the block does not topple over the plank, friction is
in
absent.between the plank and the ground.

Y BEEIM A beam of mass m; =100kg supported on two solid

o 'th

incline as shown in figure. The inclined plane makes an ar.lgle o; I?;f})i'(hwna "
i i if the beam is moving u

izontal. Find the magnitude of F i bez / |

ZS:Zeleration of a=1m/s?. There is no slipping at points of contact

(g =10 m/s?).

IOUIEEEN A homogeneous cylinder and a

homogeneous sphere of equal mass m = 20 kg and equal ;ad:oll?l
are connected together by a light fram.e and are free.t;]) e
without slipping down the plane inclined at 30 wt;l e
horizontal. Determine the force in the f;ame. Assume tha
bearings are frictionless. Take g =10 m/s”.

HCISUIREGA A cylindrical pipe of diameter 1 m is kePt on thﬂ(i
truck as shown in figure. If the truck now starts moving wi

constant acceleration of 1 m/s? the pipe rolls backward ;n’;}f)i)}ll.let
slipping on the floor of the truck and finally falls on the_kro; d e
pipe moves a total length of 4m on the floor of the @c . al;n R —
much distance the pipe moves on the road before it fin . yos 4’01:(>‘g 3 1omie)

The coefficient of friction between the pipe and the road is 0.4. (g =




32 Problems in Physics’

MCIICIEEYN A rod ABof mass 3 m and length 4 a is falling freely in a c

G
horizontal position and C is a point distant a from A. When the speed of the Amﬂ:“"“ B i B
rod is u, the point C collides with a particle of mass m which is moving Im u

- vertically upwards with speed u. If the impact between the particle and the
rod is perfectly elastic find

(a) the velocity of particle immediately after impact

(b) the angular velocity of the rod immediately after impact.

(c) the speed of B immediately after impact.

Problem.

@R A uniform ring of mass m, radius a and centre C lies at rest on a smooth horizontal

table. The plane of the ring is horizontal. A point P on the circumference is struck horizontally and it
begins to move in a direction at 60° to PC. If the magnitude of impulse is mv+/7, find the initial speed of
point P.

FIBLEREIN A solid cube of wood of side 2aand mass M is resting
on a horizontal surface. The cube is constrained to rotate about an axis
passing through D and perpendicular to face ABCD. A bullet of mass mand 1 *>

43
speed v is shot at a height of ?a as shown in figure. The bullet becomes 3

embedded in the cube. Find the minimum value of v required to topple the
cube. Assume m<< M.

A semicircular ring of mass m and radius r is released
from rest in the position shown with its lower edge resting on a horizontal
surface. Find the minimum coefficient of static friction . ; which is necessary
to prevent any initial slipping of the ring. -

" . . L . 2r
il centre of mass of a semicircular ring lies at a distance of = from
T

centre

A small clamp of mass m s attached at B to a hoop of mass
3mand radius r. The system is released from rest with 8 = 90° and rolls without
sliding. Determine '

(a) the angular acceleration of the hoop

(b) the horizontal and vertical components of the acceleration of B.

(c) normal reaction and frictional force just after the release.

The 2.7 kg cylinder B and the 1.8 kg wedge A are
released in the position shown in figure. Assuming that cylinder rolls
without sliding on the wedge and neglecting friction between A and C,
determine

(a) the acceleration of the wedge

(b) the angular acceleration of the cylinder.

(Take g =10 rn/sz)

33
Problems
I LIEGEN A spherical ball of radius r and mass m collides with a plank of ma?s 1:30 kept on
a smooth horizontal surface. Before impact, the centre of ﬂ:ne pall has a
velocity v and angular velocity @ as shown. The normal velocity is reversed

i i i the impact. Find the
with same magnitude and the ball stops rotating after :
distance on the plank between first two impacts of the ball. T'he coefficient of
friction between the ball and the plank isp.. Assume that plank is large enough.

UL A ring shown in figure is madg up of tyuo
semicircular rings A and B of masses 2 kg and 4 kg respectively. The ring

has the diameter of 1 m. The ring rolls without slipping. Find :
(a) angular acceleration
(b) normal reaction and
(c) frictional force

2r
[COM of a semicircular ring lies at a distance of - from centre]

T EEEN  Two spools of masses m; and mj rest on rough inclineq planes. Their intemil :ndf
external radii are R and 2R respectively. Spool of mass m; on left hand side is connected to ablock A o

mass m 4 and spool of mass m, on right hand side is connected to block B of massmg through a sprinfg{l;)f
force constantk. The coefficient of friction between blocks Aand Bisp, whereas the horizontal part of the

wedge is smooth. The whole system is in equilibrium. Find

(a) the tension in the left string

(b) the minimum value of p for equilibrium
(c) the extension in the spring

(d) the ratio of m; and m,.

YPYSIYSEETYE A uniform rod of length L and mass mis placed on a smooth ho.rizonta'll surface. ;l:\qe
rod is hinged at the end A and is free to rotate in horizontal plane about a vertical axis passing through A.

i i icular dist L from N
As shown in the figure, there is a nail Nat a perpendicular distance n T :

the end A of the rod. At t>= 0, an impulse P, is applied at a distance = from .,

the end A. The impulse is in the horizontal plane and is perpendicular to the l _I

[YRPTT e . . A m 41
rod. Att= 81tmL’ the rod returns to its u'lmal-posmon. Find the impulse due I:_ i TPo
0 :

to the force exerted by the nail on the rod.
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ERTEIEEIIE In a physics stunt, two balls of equal density
and radii r and R = 2r, are placed with the centre of the larger
one at the middle of a cart of mass M = 6 kgand length L = 2 m.
The mass of the smaller ball is m=1kg The balls are made to
roll, without slipping, in such a way that the larger ball rests on
the cart and a straight line connecting their centres remains at a
constant angle ¢ = 60° to the horizontal. The cart is puiled by a
horizontal force in the direction shown in the figure. M l

{a) Find the magnitude of the force F. PO
(b) How much time elapses before the balls fall off the cart? @ i L

I e IIT ]EE pROBLEMS T

MBI Three particles A, B and C, each of mass m, are
connected to each other by three massless rigid rods to form a
rigid, equilateral triangular body of side L This body is placed on a
horizontal frictionless table (x-y plane) and is hinged to it at the -
point A so that it can move without friction about the vertical axis
through A (see figure). The body is set into rotational motion on
the table about A with a constant angular velocity . :

(@) Find the magnitude of the horizontal force exerted by the

hinge on the body.
(b) AttimeT,when the side BC is parallel to the x-axis, a force

F is applied on B along BC (as shown). Obtain the
x-component and the y-component of the force exerted
by the hinge on the body, immediately after time T.

Probletn 169.

(JEE 2002)

Two heavy metallic plates are joined together at 90° to each other. A laminar

‘sheet of mass 30 kg is hinged at the line AB joining the two heavy metallic plates. The hinges are

frictionless. The moment of inertia of the laminar sheet about an axis parallel
to AB and passing through its centre of mass is 1.2 kg-m ™. Two rubber
obstacles P and Q are fixed, one on each metallic plate at a distance 0.5 m from
the line AB. This distance is chosen so that the reaction due to the hinges on
the laminar sheet is zero during the impact. Initially the laminar sheet hits one
of the obstacles with an angular velocity 1 rad/s and turns back. If the impulse
on the sheet due to each obstacle is 6 N-s. '

(a) find the location of the centre of mass of the laminar sheet from AB.

(b) at what angular velocity does the laminar sheet come back after the first impact ?

(c) after how many impacts, does the laminar sheet come to rest ? (JEE 2001)

Prabie 1 Arod AB of mass M and length L is lying on a horizontal frictionless surface. A
particle of mass m travelling along the surface hits the end ‘A’ of the rod with a velocity v, in a
direction perpendicular to AB. The collision is elastic. After the collision the particle comes to rest.
(a) find the ratio m/M. :
(b) point P on the rod is at rest immediately after collision. Find the distance AP.
(¢) find the linear speed of the point P after a time nL/3 v, after the collision.

(JEE 2000)

Problems 35

A man pushes a cylinder of mass m; with the help of a
plank of mass m, as shown. There is no slipping at any contact. The
horizontal component of the force applied by the man is F. Find :
(a) the accelerations of the plank and the centre of mass of the cylinder,
and .
(b) the magnitudes and directions of frictional forces at contact points.

(JEE 1999)

A uniform circular disc has radius R and mass m. A
particle, also of mass m, is fixed at a point A on the edge of the disc as
shown in the figure. The disc can rotate freely about a fixed
horizontal chord PQ that is at a distance R/ 4 from the centre C of the
disc. The line AC is perpendicular to PQ.

Initially the disc is held vertical with the point A at its highest
position. It is then allowed to fall so that it starts rotating about PQ.

Find the linear speed of the particle as it reaches its lowest position.
’ (JEE 1998)

Two thin circular discs of mass 2 kg and radius 10 cm each are
joined by a rigid massless rod of length 20 cm. The axis of the rod is along the
perpendicular to the planes of the disc through their centres. This object is kept on
a truck in such a way that the axis of the object is horizontal and perpendicular to
the direction of motion of the truck. Its friction with the floor of the truck is large
enough so that the object can roll on the truck without slipping. Take X-axis as the direction of motion
of the truck and Z-axis as the vertically upwards direction. If the truck has an acceleration 9m / s2,
Calculate :
. (@) the force of friction on each disc.
(i) the magnitude and direction of the frictional torque acting on each disc about the centre of
mass O of the object. Express the torque in the vector form in terms of unit vectorsi, j and k
in X, Y and Z directions. (JEE 1997)

Problem 174. A uniform disc of mass m and radius R is projected horizontally with velocity v, on

a rough horizontal floor so that it starts off with a purely sliding motion at t = 0. After t, second, it
acquires a purely rolling motion as shown in figure.

t=0 t=ty

(i) calculate the velocity of the centre of mass of the disc att,,. RN

(i) assuming the coefficient of friction to be i, calculate t ;. Also calculate the work done by the
frictional force as a function of time and the total work done by it over a time t much longer
thant,. (JEE 1997, Cancelled)
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* Arectangular rigid fixed block has a long
horizontal edge. A solid homogeneous cylinder of radius R is
placed horizontally at rést with its length parallel to the edge
" such that the axis of the cylinder and the edge of the block
are in the same vertical plane as shewn in figure. There is
sufficient friction present at the edge so that a very small
displacement causes the cylinder to roll of the edge without
slipping. Determine : '
(a) the angle @, through which the cylinder rotates
before it leaves contact with the edge.
(b) the speed of the centre of mass of the cylinder
before leaving contact with the edge, and
(c), the ratio of the translatidnal to rotational kinetic energies of the cylinde
" mass is in horizoncal link with the edge.

block X starts moving up the plane.

(i) Find the tension in the string during the motion. Take g = 9.8 m/s?
(i) At a certain instant of time the magnitude of the angular velocity o

Calculate the distance travelled by X from the instant of time until it comes to rest.

Two umform rods A and B of length 0.6 m each and of masses -
0.01 kg and 0.02 kg respectively are rigidly joined end to end. The combination is .

pivoted at the lighter end, P &s shown in figue. such that it can freely rotate about
point P in a vertical plane. A small object of mass 0.05 kg, moving horizontally,
hits the lower end of the combination and sticks to it. .

What should be the velocity of the object so that the syst;em could -just be -

raised to the horizontal position ? (JEE 1994)

£ ¥ is 10 rad/s™}
(JEE 1994

Z

p

PSPERLA  Two planets A and B describe circles of radiir; and r, round the sun as centre with

speed varying inversely as the square root of their radii. Find the angle between the radii of these two
1 planets when their relative angular velocity is zero.

Problem 179. JES planet was suddenly stopped in its orbit supposed to be circular, show that it

; would fall onto the sun in a time —Jg times the period of the planet's revolution.
r when its centre jff

A , (JEE 199§
Ablock X of mass 0.5 kg is held by a long massless string on a frictionless inclin
plane of inclination 30° to the horizontal. The string is wound on a uniform soilid cylindrical drum
~of mass 2 kg and of radius 0.2 m as shown in Figure. The drum is given an initial velocity such that j

A thin spherical shell of total mass M and radius R is held fixed. m
There is a small hole in the shell. A mass m is released from rest a distance R from the

hole along a line that passes through the hole and also through the centre of the shell.

This mass subsequently moves under gravitational force of the shell. How long does the

mass take to travel from the hole to the point diamettically opposite ?

}

*
)
1
]
!
]
1
]

R

LI A satellite is revolving round the earth in a circular orbit of radigs r and velocityv,. A
particle is projected from the satellite in forward direction with relative velocity v=(y5/4 - v,
Calculate its minimum and maximum distances from earth's centre during subsequent motion of the

particle.

PYRYMSEETYE  Two earth's satellites move in a common plane along circular orbits. The orbital
radius of one satellite isr = 7000 km while that of the other is 70 km less. What time interval separates the
periodic approaches of the satellites to each other over the minimum distance ?

3
(G=667 %1071 _kL“—Z and Mass of earth, M = 6x10%* kg).
g-$

Abody is launched from the earth's surface at an angle o = 30° to the horizontal at a
speed vg = 1’1'5 GM. Neglecting air resistance and earth's rotation. Find the height to which the body
R

will rise. Here M is mass of earth and R the radius of earth.

SISYIEETYE  An carth satellite is revolving in a circular orbit of radius " a' with velocity v,-A gun' is
in the satellite and is aimed directly towards the earth. A bullet is fired from the gun with muzzle velocity

923. Neglecting resistance offered by cosmic dust and recoil of gun, calculate maximum and minimum

distance of bullet from the centre of earth during its subsequent motion.




L ET——

3 Problems in Physics

Problem: 185.

distance between the two stars. Take m; =10%kg, r, =2455x10°km and T =20hrs

2
G=667x101 M
kg

For the equation @ + x? = 059 x®, x = 3

R CUIUIEIE  Binary stars of comparable masses m; and m;, rotate under the influence of each
other’s gravity with a time period T. If they are stopped suddenly in their motions, find their relative

velocity when they collide with each other. The radii of the stars are R} and R, respectively. G is the

universal constant of gravitation.

Problem: 187 VR joining the positions of three identical stars, each of
mass M, forms an equilateral triangle of side a. A particle, located at the centroid of
the equilateral triangle, is given a velocity v, in a direction perpendicular to the
plane of the triangle. If the particle stops momentarily after travelling a distance 3q,
then find v,,.

Mo CTURREEE I the earth (supposed spherical) was covered by an ocean of uniform depth h, prove
that the value of the gravity at the bottom of the ocean would exceed that at the top by 4nGh (2p - 30)/3
approximately, where ¢ is density of ocean, p is mean density of the earth. (h << R, radius of the earth)

Arocket is launched from and returns to a spherical planet of radius R in such a way
that its velocity vector on return is parallel to its launch vector. The angular separation at the centre of the
planet between the launch and arrival points is 8. How long does the flight of the rocket take, if the period
of a satellite flying around the planet just above its surface is T,? What is the maximum distance of the

rocket above the surface of the planet? Consider whether your analysis also applies to the limiting case of
06— 0.

Irt JEE PROBLEMS ===

There is a crater of depth R/100 on the surface of the moon (radius R). A
projectile is fired vertically upward from the crater with a velocity, which is equal to the escape
velocity v from the surface of the moon. Find the maximum height attained by the projectile.

(JEE 2003)

‘Problem 191. [VSE o the centres of two stars is 10a. The masses of these stars are M and
16M and their radii a and 2arespectively. A body of mass mis fired straight from the surface of the larger

star towards the smaller star. What should be its minimum initial speed to reach the surface fo the smaller’

star? Obtain the expression in terms of G Mand a. (JEE 1996)

One of the star of a binary (double) stars syster is rotating in a circular orbit of radius
r; with time period T. If the mass of this star is my. Find the mass m, of the other star. Also find the

SV Asimple pendulum, which is meant to beat seconds (i.e, each }?alf oscillation tal;(es 1t
d) gains 1 minute per day. By what percentage of its length should be increased to make i
se )

accurate ?
Consider a spring that exerts the following restoring force :
‘ —-kx forx>0
Fz{—ka forx< 0

A mass mon a frictionless surface is attached to this spring, displaced to x = Aby stretching the spring

and released.
(a) find the period of motion. . ,
(b) what is the most negative value of x that the mass m reaches *

EPIETEECIN  Aload of mass M is on horizontal rails.. A pendulur:n
made of ball of mass m tied to a weightless inextensible thread is

nly along the rails. R e
suspended to the load. The load can move o long

Determine the ratio of the periods T,/T;of small oscnllatlf)ns of the
pendulum in vertical planes parallel and perpendicular to rails. Neglect

friction everywhere.

PYRRSPNETYE A block of mass 2 kg is resting on a smooth horizontal ﬂo9r of a truck att.a;hed tctJ 1tst
frot by a spring of force constant k =40 N/m. At time t =0, the truck begins to move with constan

i i illati lative to floor of the
acceleration 4 m/s2. Find the amplitude and period of oscillations of the block relative

truck.

YSNPYIETYE  As a submerged body moves through a fluid, the particles of the
fluid flow around the body and thus acquire kinetic energy. In the case of a sphere

. N | 2
moving in an ideal fluid, the total kinetic energy acquired by the fluid is Zva

where pis the mass density of fluid, V the volume of sphere and v is the vel.ocitg_l of th(ei
sphere. Consider a 05kg hollow spherical shell of radius 8 cm which is hel

i N/m.
in a tank of water by a spring of force constant 500 T
SUbrr(l:)rg?\(Iielgnleacti?:; ﬂczxid frictioi, determine the period of vibration of the shell when it is displaced

vertically and then released.
(b) Solve part (a) assuming that the tank is accelerated upwar

Density of water is 10° kg/m?®.

d at the constant rate of 8 mis?.
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. Problems in Physics

Problm IEYA Find the natural angular frequency of the system
shown in figure. Pulleys are massless and friction is absent everywhere.

rblem RN A 7 kg uniform cylinder can roll without
sliding on an incline and is attached to a spring AB as shown.

Ifthe centre of the cylinder is moved 10 mm down the incline
and released. Determine
(a) the period of oscillation. "
(b) the maximum velocity of the centre of the cylinder. o

(@ =10 m/s?)

Problem 19. A homogeneous wire bent to form the figure shown is
atta;]:hs(ii to a pin support at A. Knowing thatr = 220 mm and that point Bis
pushed down 20 mm and released, determine the maanitud f i
of B, 8 later. (g = 98 m/s?) niudeclthe velocty

Hint: Po eg v . . . : .
- o s;t:‘on of.COM of a semlcnrc?»lar wire of shape U is at a distance
- rom its centre, where r is the radius of semicircle

Problem 200. i semicylindrical shell with negligible thickness oscillates

Centre of mass of the shell lies at Efrom centre
p v

Problem 201. A 20 kg uniform square plate is suspended from a pin
t::;ated_ at the midpoint A of one of its edges of length 0.4 m and is attached to
Springs, each of constant k =14 x 10% N/m. If corner B is given a small

displacement and released. Determi
. ne the fre .
(g =98m/s?) quency of the resulting vibration.

| A3 k'g b.lock is dropped from a height of 2m onto the initially 35':(39
o 800ry g block which is s.upported by four springs, each of which has a constant ' ' 2m

( N/m. The two blocks stick after collision. Determine the displacement x as a
func.:t.lon of time during the resulting vibration, where x is measured from the initial
position of the block as shown. Two springs which are not shown in the figure are

behind the two springs shown in figure. (g = 98 m/s?)

Problems

PTIIOAEN Two identical circular discs each of radius R and their
connecting links form a single rigid unit. The mass of the connecting links is
negligible as compared to the disc. If the upper disc rolls without slipping, determine
the time period of small oscillations. The length of the connecting rod is L.

I ALLE A solid sphere (radius = R) rolls without slipping in
a cylindrical trough (radius =5R). Find the time period of small

oscillations.

LA Find the time period of small oscillations of
the system composed of two homogeneous circular cylinders,

each of mass M and the connecting link AB. Assume no slipping
on ground.

IS UIAL A solid cylinder of mass m=1 kg is kept in
equilibrium on a horizontal surface. Two unstretched springs

of force constantk; = 10N/m and k, = 20N/m are attached to
the cylinder shown in figure. Find the period of small
oscillations. Cylinder rolls without sliding.

Two blocks A (2kg) and B (3 kg) kg 2g
rest up on a smooth horizontal surface are connected
by a spring of stiffness 120 N/m. Initially the spring is
undeformed. A is imparted a velocity of 2 m/s along the
line of the spring away from-B. Find the displacement
of Atseconds later.

A block of mass mis tied to one end of a string which passes
over a smooth fixed pulley A and under a light smooth movable pulley B as shown
in figure. The other end of the string is attached to the lower end of a spring of
spring constant k,. Find the period of small oscillations of mass m about its

equilibrium position. s 3

k2
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MELISUIPEN Two cylinders of masses m; and m, have the same my m,

radius. They are connected from the centre with the help of an ideal k
spring of force constant k. Two equal and opposite forces are applied on i

the cylinders and then released on rough horizontal surface. Find the Rough
frequency of oscillation. Slipping is absent.

KON A masslessrod is hinged at O. A string canrying a K
mass mat one end is attached to point A on the rod so that OA = q !; TYYVY B

and OB = b. Find the period of small vertical oscillations of mass m
around its equilibrium position.

MCLIC AR Find the natural frequency of oscillation of the system as shown in K
figure. Pulleys are massless and frictionless. Spring and string are also massless.

roblem /2¥# The angular frequency of a particle executing SHM is o. There is a point P, at a
distance ‘ x’ from the mean position O. When the particle passes P along OP, it has speed v. Find the time
in which it returns to P again.

Ablock of mass m = 1kg is attached to a spring of constant k = 64 N/m, other end of
the spring is attached to a fixed wall. The block can move on a -

frictionless horizontal surface. In the given figure O is the mean
position of the spring block system, when there is no compression.
Initially the spring is compressed by OA = 4 cm. When it is released it
moves to the right and makes inelastic collision with the wall at B,

. - . 1 '
Coefficient of restitution being e = _«/—5 Distance OB =2v2 cm. After the collision block return to A’

where it is momentarily at rest.
(a) find compression in the spring OA’".
(b) find time taken by the block to return to A”. [Take t = 0, at the mornent block was released from A]

pProblem 214.

Problems

A semicircular plate of mass M is pivoted at one of its end so that
it can freely rotate in a vertical plane, as shown in the figure. ’
(@) Find the value of 8 at equilibrium.
(b) Ifit is slightly displaced from its equilibrium position, find the frequency of

oscillation. Distance OC = % where C is the centre of mass of the plate.
R TC :

An ideal gas having adiabatic constant y is enclosed in a adiabatic
cylindrical container having area of cross-section A. A piston of mass M can move
freely in the cylinder is attached with ideal springs k; and k and light pulleys P;, P,
and P; as shown in figure. When the piston is in equilibrium the volume of the gas in
the cylinder is V, and its pressure is Py. The piston is slightly displaced from the
equilibrium position and released. Find the time period of oscillation. Pulley P, is

fixed.

IS IPALE  Find the time period of oscillation for the arrangement
shown in the figure. The pulleys are smooth and massless.

!

e uIAYA A simple pendulum and a homogeneous rod v

pivoted at its end are released from horizontal positions. What is the
ratio of their periods of swing if their lengths are identical ?

An elastic string of natural length (a + b)ywhere a> band modulus of elasticity Y has a
particle of mass m attached to it at a distance a from one end, which is fixed to a point A of a smooth
horizontal plane. The other end of the string is fixed to a point B so that the string is just unstretched. If the
particle be held at B (by stretching the length a of the string) and then released, show that it will oscillate to

and fro with a time period of & (va + vb) \/g . Take the cross-sectional area of the string as unity.

TOLIFAEN  In the above problem, show that the particle oscillate to and fro through a distance
b/a +b)
_——JE .
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Poble 20 | A sqhq sPhel:g pf radms Ris floanng in-a liquid of density p with half of its volume
il ,x-ner_ge_d. If the sphere is slightly pushed and released; it starts performing simple h i
motion. Find the frequency of these oscillations. | o - iu-:z::nzngx
ia 1.:: ;l:)n rod of length L g-nd umf‘orn.:l cross-section is pivoted at its lowest point P
g airgabout gelilec?us and no.n-wsa')us liquid (as shown in figure). The rod is free to rotate
v thp ! .a orizontal ax1s passing through P. The density d; of the material of the rod

er than the density d, of the liquid. The rod is displaced by small angle 6 from its equilibrium

position and then released. Show that the motiori of th is si rmin
: . e rod is simple harmonic and determine i
angular frequency in terms of the given parameters. A o O e 2908,

S 2. | 'I-‘wo ‘ic.l‘entic_;.al' ba]]s A and B,.eaéﬁ of masé 01 kg, are a&;chéd to th; itc.le'ntical'
s ss s?nggs. The sprifig-mass system is constrained to move inside a rigid'smooth pipe bent in
fhe ml;l::éomaac'lr-d; as fshcg{vn'm figure. The pipe is fixed in a horizontal plane. The centres of the balls
: circle of radius 0.06 metre. Each spring has a natural length of 0.06 A

. of 0.06 , ral I of 0.06 w metre and sprin
constant 0.1 N/m Initially, both the balls are displaced by an angle 8 = /6 radian with respéct tI<)> thg

~diameter PQ of the circle (as.shown ip- figure) and released from rest.

(l) calculate the frequency of o§é;ﬂ;ﬁori~ of ball B. R B
(i) find the speed of ball A when A and B are at the two ends of the diameter PQ.'.

(iif) What is the total energy of the system? - -~ . . " OEE 1893

(JEE 1996)

Ay yEN A thin ring of radius R is made of a material of density p and Young’s modulus Y. If
the ring is rotated about its centre and its own plane with angular velocity w. Find the small increase in its

radius.

Find the volume density of the elastic deformation energy in fresh water at a depth of
h =1km. Take density of water = 10° kg / m?3, g=98 m/s? and bulk modulus of elasticity of water
B=2x10° N/m?.

Two opposite forces F; and F, (< F;)act on an elastic plank of modulus of elasticity Y
and length I placed over a smooth horizontal surface. The cross-sectional area of the plank is S. Find the
change in length of the plank in the direction of the force.

Two rods of different metals having the same area of cross-section A are placed

between the two massive walls as shown in figure. The first rod has a Iy

length [, coefficient of linear expansion o and Young’s modulus <= >l

Y, . The corresponding quantities f.or seconql rod arel,, oy and Ys. 00 7000 DRI € W

The temperature of both the rods is now raised by t° C. =
(a) find the force with which the rods act on each other at higher temperature.
(b) the lengths of the rods at higher temperature.

A solid sphere of mass m=2kg and density
p =500 kg/m? is held stationary relative to a tank filled with water. The
tank is accelerating upward with acceleration 2 m/s?. Calculate
(a) tension in the thread connected between the sphere and the 2=2 m/SZT
bottom of the tank
(b) if the thread snaps, calculate the acceleration of sphere with
respect to the tank.
[density of water = 1000 kg/m®, g =10 m/s?)

A cylindrical tank of base area A has a small hole of area'd at the bottom. At time
t =0, a tap starts to supply water into the tank at a constant rate & m 3.

(a) what is the maximum level of water hpmax in the tank ?

(b) find the time when level of water becomes h {< h,,).

(YAl Two cylindrical tanks having cross-sectional area A and 2A are kept on a horizontal
floor. First tank is filled with water to a height H and the other is empty. If two tanks are connected by a
pipe of cross-sectional area a (<< A)at the bottom att = 0, calculate time twhen level of water in two tanks

becomes same.
I IFELE  An ice cube of size | =20 cm is floating in a tank (base area A =50cm x 50 cm)

partially filled with water. Density of water is pg, =1000kg/m® and that of ice is p; = 900 kg/m3.
e din G inn meansitatinnal natontial enerou when ice melts completely. (g =10 m/SZ)

I

1
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LU uPEIN  Two cylinders with a horizontal and a vertical axis respectively rest on a horizontal

surface. The cylinders are connected at the lower parts throu
radius r has a piston at one end as shown.

The vertical cylinder is open at the top. The cylinders
contain water which completely fills the part of the horizontal
cylinder behind the piston and is at a certain level in the
vertical cylinder.

Determine the level 'h' of water in the vertical cylinder at
which the piston is in equilibrium. Neglect friction.

ZOIOWPEPN A cubical block of wood has density p; =500 kg/m? and side! = 30 cm. It is floating
in a rectangular tank partially filled with water of density p, =1000kg/m® and having base area,
A =45cm x 60 cm. Calculate work done to press the block slowly so that it is just immersed in water.
(g =10m/s?)

MCLIUPERN A cylinder of radius 1 cm, length 4 cm made of a material of specific gravity 0.75

floats in water with its axis vertical. It is then pushed vertically downwards, so as to be justimmersed. Find
(@) the work done

(b) the reduction in the force on the bottom of the containing vessel when the cylinder is

subsequently taken out of water. Assume that volume of water in the vessel >> volume of
cylinder. (g = 10 m/s2)

MO EuPEEN  Figure shows a container having liquid of variable density.
The density of liquid

varies asp =p, (4 - i—’l] Here h( and p are constants and
0

h is measured from bottom of the container. A solid block of smail dimensions

whose density is gpo and mass m s released from bottom of the tank. Prove that

the block will execute simple harmonic motion. Find the frequency of oscillation.

Awooden cylinder of length floats vertically in a liquid of specific gravity pwith part
of its length submerged. Another liquid that is immiscible with the previous liquid is poured into it, to just
completely submerge the cylinder. If the density of the liquid at the bottom, density of cylinder and
density of the liquid at the top are in geometric progession (G.P.), calculate the fraction of the cylinder
submerged in the lower liquid. If the cylinder is slightly depressed and released. Find its time period of

small oscillations. Cross-sectional area of the container can be assumed large compared to
cross-sectional area of the cylinder.

ORI A 4.0 kg mass is hung from a vertical steel wire 2.0 m long and 50x 1073 cm? in
cross-sectional area. The wire is securely fastened to the ceiling.

(a) Calculate the amount the wire is stetched by the hanging mass.
(b) Now assume that the mass is very slowly pulled downward 0.06 cm from its equilibrium

_)
position by an external force F. Calculate
(i) the work done by gravity

47
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._-)
(ii) work done by the force F o i - onithe mase
k done by the force the wire exerts on o i ,
8:; 32 ‘:;gnge in theyelasﬁc potential energy. Young’s modulus of steel 1sY =20x10"" N/m

g =98m/s?.
A
Hi

e For the arrangement shown in figure, find
the time interval after which the water jet ceases to cross the

wall. Area of the tank is A and area of orifice is a.

In a tank, having large base area, a liquid of density
1200 kg/m3 is filled upto a height of 5 m, the tank is plac:d on a
platform which is movihg upward with an acceleration of 5 m/s .'A very
small hole is made in the tank at height of 2 m from the bottom. Find the
distance of the point, where the liquid falls on the platform w.r.t. the n
edge of the tank. (Take g =10 m/s?)

CTIIIEEEN A wooden cone of mass 8.8 kg floats with its apex downward in a liquid of specific

ity 0.8. If the specific gravity of wood is 0.5, -
gravztay) what mass of steel piece of specific gravity 7.8 suspended from the ape

thats will just be able to submerge the cone?
(b) what will be tension in the cord.

CITIERZGE  An incompressible viscous liquid of density p an;i
viscosty nis filled into a cylindrical vessel of cross-section A, up to a height h.

The vessel has a horizontal capillary tube of length I.and bore {adius (;
attached to the bottom of the vessel as shown in the dlactzrar'n. A piston o
mass m is placed on top of the liquid in the tank and the liquid flows slowly h

Piatform

x of the cone by a cord

Piston

and steadily out of the tank under pressure. Find the level of the liquid in the

. Capillary tube
tank as a function of time t. Ignore the surface tension of the liquid.

—

«—I1—>

PSS  Figure shows two pipes P and Q. f:onnected with — Al T
the help of three capillary tubes A, Band C. The radii and lengths of =

these tubes are shown in the figure. If pressure difference between p | 1a
points P and Qis pthen find : | |

(a) the pressure difference across B. —r__r__,‘L__L__
r) C(_T 2) "

(b) the ratio of flow rates in Aand B. 5 ( % -
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MELIE ULy  The pulley mass system is as shown in the figure. Mass M is a
uniform cylinder (M >m). String is inextensible and there is no friction. Find the
acceleration of the cylinder as a function of length of cylinder x inside the liquid. Find
the velocity of system when cylinder is totally immersed. ps andp, are the densities of
cylinder and the liquid respectively. Length of the cylinder is L.

A container having very large cross-sectional area contains
two immiscible liquids of densities 2p and p of heights H and 2H respectively as
shown in the figure. A cylindrical solid object having density p/2 and height H/2is
released from rest from the bottom of the container. The axis of the cylindrical
object was vertical before being released. Find the maximum height attained by
the bottom of the cylindrical object, treating the bottomn of the container to be the
reference level for zero height.

Neglect viscosity and assume that there is no toppling of the cylindrical %
object at any time. Assume that the cross-sectional area of the cylindrical object
is negligibly small as compared to the cross-sectional area of container.

Water, which wets glass, is stuck between two
parallel glass plates. The distance between the plates is d and the
diameter of the trapped water ‘disc’ is D >> d. (S = surface tension
of water)

What is the force acting between the plates?

Problem 245. EEAORilEY ! objects are attracted to each other as the result of surface tension
effects, irrespective of whether they are floating on water or on mercury. Explain why this is so.

Problem 246. IS Y clean aquarium forms a meniscus, as T
illustrated in the figure.

Calculate the difference in height h between the centre and the
edge of the meniscus. The surface tension of water is y=0.073Nm ™!

OCTIEPEY® A container of large uniform cross-section area A resting on a horizontal surface,

holds two immiscible, non-viscous and incompressible liquids of densities d and 2d each of height (H/2).
The lower density liquid is open to the atmosphere having pressure pa.

 ETIRULcs  Acylindrical tank 0.9 m in radius is filled with w?ter
p=1x 10° kg/m3) up to a height y=3.0 m. A pipe having
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H . AY. . h
(a) A homogeneous solid cylinder of length L (L< 7), cross-section area (5) 1% immersed suc

o . o . . liquid.
it floats with its axis vertical at the liquid-liquid interface with length (L/4) in theﬂdens.er

tI;lea‘(tel:mine (i} The density of solid and (ii) The total pressure at the l_)ottom of ’;he n,ont(axr:ir.A) .

(b) The cylinder is removed and original arrangement is restored. A tiny hole o area s tsh Al
punched on the vertical side of the container at a height h (h' < H/Z). Determine (i) he l1m 2

eed of efflux of the liquid at the hole (ii) the horizontal distance x travellgd l?y the ;qttil

isr?itially and (iii) the height h,,, at which the hole should be punched so that the liquid travels the
maximum distance x ,, initially. Also calculate x .

cross-sectional area 6.3 cm 2 is used to sigi(m)on from the tank. End B of
ipe i to atmosphere and h = 5.0 m.
the r::;e l:{zfve:hould thelzlalue of x be adjusted so that whole of the I
water can be drained from the tank ? N i
(b) With maximum possible value of x, how much time will it take
to empty the vessel?
(Atmospheric pressure = 1.0 x 10%° Nm™?)

A vertical cylinder of radius ‘R’ is
rotating with a constant angular velocity ‘@’ along with
holders A and B about the axis as shown. The vertical
movement of cylinder is restricted by the holders. Oil is
only in between the bottom of cylinder and surface as
shown. The thickness of the oil layer is ‘t. Assume that
coefficient of viscosity is ‘1] and that cylinder can only
rotate if there is no friction elsewhere. Find the power
required to overcome the viscous resistance.

m AT

A container of width 2a is filled with a liguid. A t]un wire
weight of per unit length A is gently placed over the hquld' suFface in th.e
middle of the surface as shown in the figure. As a result, the hqulq surface is
depressed by a distance y(y << a). Determine the surface tension of the
liquid.

(JEE 2004)

e——2a—>

MO CuIP4AIS A small sphere falls from rest in a viscous liquid. Due to frficion, lzsa;te is;l fl;(;duc.e;li

i i sphe rmin
Firlxd Fhe relation between the rate of production of heat and the radius of the sp et 2008)
velocity.
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G WLYR Consider a horizontally oriented syringe — !
containing water located at a height of 1.25 m above the D = 8mm R 4= 2m
ground. The diameter of the plunger is 8 mm and the - _f

diameter of the nozzle is 2 mm. The plunger is pushed with
a constant speed of 0.25 m/s. Find the horizonta! range of
water stream on the ground. Take g =10 m/s°. (JEE 2004) Ground y

| A soap bubble is being blown at the end of a very narrow tube of radius b. 5
(denoxty p) moves with a velocity v inside the tube and comes to rest inside the bubble. The surf;
tension of the soap solution is T. After some time the bubble, having grown to a radius r, separa”
from the tube. Find the value of r. Assume that r >> b so that you can consider the air to be fallif
normally on the bubble’s surface. 2

EITTCMPIYN A liquid of density 900 kg/m? is filled in a cylindrical
tank of upper radius 0.9 m and lower radius 0.3 m. A capillary tube of
length 1 is attached at the bottom of the tank as shown in the figure. The
capillary has outer radius 0.002 m and inner radius a. When pressure P is
applied at the top of the tank volume flow rate of the liquid is 8 x 107® m3/s

and if capillary tube is detached, the liquid comes out from the tank with a

velocity 10 m/s. Determine the coefficient of viscosity of the liquid.
2

(Given: ma®=10°m2and - =2x10" m]

l (JEE 2003)

R CUBPEER A uniform solid cylinder of density 0.8 g/cm ? floats in

equilibrium in a combination of two non-mixing liquids A- and B with its

ams vertical. The densities of the liquid Aand Bare 0.7 g/cm® and 1.2 g/cm .

3, respectively. The height of liquid A is b, =1.2cm. The length of the part

of the cylinder immersed in liquid Bis hy = 0.8 cm.

(a) Find the total force exerted by liquid A on the cylinder.

(b) Find h, the length of the part of the cylinder in air.

(c) The cylinder is depressed in such a way that its top surface is just
below the upper surface of liquid A and is then released. Find the
acceleration of the cylinder immediately after it is released.

RSP A S5 m long cylindrical steel wire with radius 2x 10~3m is suspended vemcally
from a rigid support and carries a bob of mass 100 kg at the other end. If the bob gets snapped
calculate the change in temperature of the wire ignoring radiation losses. Take g =10 m/s? ‘
(For the steel wire : Young's modulus = 21 x 10'! N/m?;

density =7860kg/m*; Specific heat = 420J/ kg-K)

(JEE 2001)

¥ A wooden stick of length L, radius R and density p has a small metal piece of mass
m (of neghglble volume) attached to its one end. Find the minimum value for the mass m (in terms of
given parameters) that would make the stick float vertically in equilibrium in a liquid of density

c (> p). (JEE 1999)

Problems _ : ,51 :
TN A thinrod Of‘negligl‘l:’le mass and area of cross-section 4x 107 m? , suspended . -
‘vefﬂcany from one end, hasa length of 0.5 mat 100°C.The rodis cooled to 0°C, but prevented from -

oontractlng by attaching a mass at the- Jower end. Fmd (i) this mass; and (ii) the energy stored 1:1 the
“rod. Given for the rod, Young‘s modulus = 1011 N/m?, coefﬁcxent of linear expansion = 107°K Y and

g =10m/s%. (JEE 1997, Cancelled)’;

'A non-viscous liquid of constant density 1000
kg/m3 flows in a streamline motion along a tube of variable
cross-section. The tube-is kept inclined in the vertical plane as
'shown in the figure. The area of cross-section of the tube at two
points P and Q at heights of 2 metre and 5 metre are respectively
4x107 m? and 8x 10 m?. The velocity of the liquid at point P

is 1 m/s. Find the work done per unit volume by the pressure and
the grav1ty forces as the fluid ﬂows from point P to Q. Take

g=98m/s* (JEE 1997) e

A container of large uniform cross-sectional area A resting on a horizontal surface,
hoids two unmxsclble, non-viscous and incompresslble liquids of densities d and 2d, each of height H/ 2as
shown in figure. The lower dens1ty llquld s, open to the .
' atmosphere having | pmsure Po :

(a) .A homogeneous solid - cylmder of length 2 (L<H/ 2),

_ cross-sectional area A/5is immersed such that if floats
with its axis vertical at the liquid-liquid: mterface with -
length L/4in the denser liquid. Determine :

@ the density D of the solid, :
(i) the total pressure ‘at the bottom of the contamer
(b) The cylinder is removed and the ongmal arrangement _
is restored. A tiny hole of area S (S << A)is punched on the vertical side of the container at a
height k (h<H/2). Determine : :
(@) the initial speed of efflux of the liquid at the hole,
(ii) the horizontal distance x travelled by the liquid initially, and
(iii) the heighth,, at which the hole should be punched so that the liquid travels the maximum
* distance X mmally Also calculate x ,,.
(Neglect the air resistance in these calculations). (JEE 1995)

A ball of density d is dropped onto a horizontal solid surface. It bounces elastically
from the surface and returns to its original position in a time t;. Next, the ball'is released and it falls
through the same height before striking the surface of a liquid of density d; .
(a) ifd<d;, obtain an expression (in terms ofd, t, and d; ) for the timet, the ball takes to come
back to the position from which it was released. .
(b) is the motion of the ball simple harmonic ?
(c) if d=d;, how does the speed of the ball depend on its depth inside the liquid ? Neglect all

frictional and other dissipative forces. Assume the depth of the liquid to be large.
(JEE 1992)

—



Problem 262. RS length I is moving with a constant speed v along a circular track of radius R,
The engine of the train emits a sound of frequency f. Find the frequency heard by a guard at the rear end
of the train.

A 3m long organ pipe open at both ends is driven to third harmomc standing wave, If
the amplitude of pressure oscillations is 1 percent of mean atmospheric pressure (P, = =10% N/m?). Find
the amplitude of particle displacement and density oscillations. Speed of sound v = 332 m/s and density
of air p=1.03 kg/m>.

GG A siren creates a sound level of 60 dB at a location 500 m from the speaker. The siren
is powered by a battery that deiivers a total energy of 1,0 kJ. Assuming that the efficiency of siren is 30%,
determine the total time the siren can sound.

A wave pulse on a string has the dlmen51ons
shown in ﬁgure The wave speed is v =1 cm/s.
{a) if point O is a fixed end, draw the total wave on the string at
t=3sandt=4s.
{b) repeat part (a) for the case in which O is a free end.

A deep sea diver is suspended beneath the surface of water bu a 100 m long cable.
The diver has a total mass of 120 kg and volume 0.08 m3. The cable has a diameter of 2.0 cm and a
linear mass density of i = 1.1 kg/m. The diver sends a transverse wave pulse from the bottom. Find the
time required for the wave pulse to reach the surface. Density of water = 10% kg/m® and g =10 m/s2.

MUY  [n a stationary wave that forms as a result of reflection of waves from an aobstacle, the
ratio of the amplitude at an antinode to the amplitude at node is 6. What percentage of energy is
transmitted.

A conveyor belt moves to the right with speed v = 300 m/min. A very fast pieman
puts pies on the belt at a rate of 20 per minute and they are received at the other end by a pieeater.
(a) If the pieman is stationary, find the spacing x between the pies and the frequency with which
they are received by the stationary pieeater.
(b) The pieman now walks with speed 30m/min towards the receiver while continuing to put pies
on the belt at 20 per minute. Find the spacing of the pies and the frequency with which they are
received by the stationary pieeater.

A stationary observer receives a sound from a f(Hz)
source of frequency 2000 Hz moving with a constant velocity. The
apparent frequency varies with time as shown in figure. Find :

(a) speed of source (u;) 2000

(b) maximum value of apparent frequency f,,. (speed of sound :
isv = 300 m/s) 1800

1cm1cm
> —>» v=1cmfs

o N

‘2¢cm

R problem 270.

Problems

Consider the arrangement shown in given
figure. my =7.5 kg, mp =10 kg and mass per unit length of the
string is 15X 1073 kg/m. At t =0, the system is released from rest
and at the same instant of time a transverse pulse is produced at
A. The pulley Bis at a distance! = 10m from A at t = 0. Assuming
all surfaces to be frictionless and all pulleys to be massless. Find
the time taken by the pulse to reach to the pulley B.

A point sound source is situated in a medium of bulk modulus 1.6 x 10° N/ m?2. An
observer standing at a distance 10 m from the source, writes down the equation for the wave as
y = Asin (15 x - 6000 7it); y and x are in metre and t is in second. The maximum pressure amplitude
received to the observer's ear is 24x Pa, then find

(a) the density of the medium

(b) the displacement amplitude A of the waves received by the observer.

(c) the power of the sound source. o

A source of sound with frequency 1000 Hz and a receiver are located at the same
point. At the moment t =0, the source and receiver starts receding from each other with acceleration
3.0m/s? and 2 m/s? respectively. Find the oscillation frequency registered by the receiver at t =9 sec
after the start of motion. (W= 230 .wc‘)

A sinusoidal wave is propagating along a strechted string that lies along the x-axis.
The dlsplacement of the string as a function of time is graphed in figure for particles at x =0 and
x = 0.09m. These two points are within one wavelength of each other. Determine the wavelength and
the wave speed if the wave is moving in positive x-direction.

y(mm) 4 x=0 x=0.09
4 ——————
1 1
: ' 0.03 \
1 . [}
. » t(s
0.01 X 0.05 \ ®
1
- U ) P AN, .

I IEZE A standing wave y=asinkx cosat is maintained in a homogeneous rod with
cross-sectional area S and density p. Find the total mechanical energy confined between the sections
corresponding to the adjacent nodes.

PP AN A uniform string of length | is fixed at both ends such that tension T is produced in it.
The string is excited to vibrate with maximum displacement amphtude ag. Calculate the total energy of
the string for its first overtone.

A source of sonic oscillations with frequency f Hz and a receive: 2re located at the
same point. At t = 0, the source starts receding from the receiver with constant acceleratior. -.. Assuming
the velocity of sound to be ¢, find the oscillation frequency registered by stationary receiver to second
after the start up of the motion.
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distance of x =1 km. Both start moving towards one another with Q>

same acceleration a = 10 m/s?. Frequency of source is f = 2000 Hz. L X
Find the frequency observed by the detector at time ¢ = 4 second. ' »
Speed of sound in air is v = 300 m/s.

WCLUTUIP LN A string 120 cm in length sustains a standing wave with the points of the string at !

which the displacement amplitude is equal to 3.5 mm being separated by 15.0 cm. Find
(a) the maximum displacement amplitude.
(b) to which overtone do these oscillations correspond ?

The total length of the compound wire between the bridges is 1.5 m of which the aluminium wire is 0.6 m

variable frequency. Find the lowest frequency of excitation for which the standing waves are formed such
that the joint in the wire is a node. What is the total number of nodes at this frequency. The density of
aluminium is 2.6 x 10% kg/m? and that of steel is 1.04 x 10*kg/m 3. (g = 10 m/s?)

A U-tube having uniform cross-section but unequal arm
lengths I} and/, (< /;) has same liquid of density p, filled in it upto a height h as
shown in figure. Another liquid of density p, (=p,/2) is poured in arm A. Both
liquids are immiscible. What length of the second liquid should be pouredin A #
so that first overtone of A is in unison with fundamental tone of B.

x

A square ground of side a = 10/+/2 m has a circular running track of radius a/2 with
its centre coinciding the centre of the ground. A man is running on the track with an angular velocity
o =22 rad/s while a car is moving on a road adjacent to ground as shown in the figure. The car moves
in such a way that the car, the man and the centre of the ground always lie on the same straight line. If a
source of sound of frequency v = 300 Hz is being placed at the centre of the ground find the minimum
frequency received by the man in the car. Assume velocity of sound in air is v = 330 m/s.

e _sqe ) ‘3
A source S and a detector O are initially at a s —TTY

] of cross-section s and density p. These two waves are superimposed to produce a standing wave.
kt area 34

 PProblem 283. i ipe of
deter 5 cm is used. The air column in pipe resonates with a tuning fork of frequency 480 Hz when

f ini e air column is 16 cm. Find the speed of sound in air at room temperature.
LI UIPYEN  An aluminium wire of cross-sectional area 1076 m? is joined to a steel wire of the ‘§the minimum length of th

same cross-sectional area. This compound wire is stretched on a sonometer pulled by a weight of 10kg, §

| Problem 284.

and the rest is steel wire. Transverse vibrations are set up in the wire by using an external source of . §
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¥y, =8sin (ot ~ kx)and y, = 6 sin (wt + kx) are two waves travelling in a string of

(a) Find the energy of the standing wave between two consecutive nodes.
(b) Find the total amount of energy crossing through a node per second.

P e
R

It JEE PROBLEM

In a resonance tube experiment to determine the speed of sound in air, a pipe of

(JEE 2003)

A string of mass per unit length 1 is clamped at both ends such that one end of the
string is at x = Oand the other is at x = [. When string vibrates in fundamental mode amplitude of the

mid-point of the string is a, and tension in the string is T. Find the total oscillation energy stored in the

i (JEE 2003).
string. ] .

T4k Two narrow cylindrical pipes A and B have the same length. Pipe A is open at both

ends and is filled with a monoatomic gas of molar mass M ,. Pipe B is open at one end and closed at

the other end, and is filled with a diatomic gas of molar mass M. Both gases are at the same

temperature. o ‘

lZa) If the frequency to the second harmonic of the fundamental mode in pipe A is equal to the
frequency of the third harmonic of the fundamental mode in pipe B, determine the value of
Ma :
MB s - Ll .

(b) Now the open end of pipe B is also clo_sed (so that the pipe is closed at both ends). Find the
ratio of the fundamental frequency in pipe A to that in pipe B. (JEE 2002)

A1 WPl A boat is travelling in a river with a speed 10 m/sec along the stream flc?wing with
aspeed 2 m/sec. From this boat, a sound transmitter is lowered into the river through a rigid support.
The wavelength of the sound emitted from the transmitter inside the water is 14.45 mm. Assume that
attenuation of sound in water and air is negligible. o - ,

(a) What will be the frequency detected by a receiver kept inside the river do.wnst.ream ?

(b) The transiitter and the receiver are now pulled up into air. The air is blowing with a speed 5
m/sec in the direction opposite the river stream. Determine the frequency of the sound
detected by the receiver. . , N

(Temperature of the air and water = 20°C; Density of river water =10~ kg/m>;

Bulk modulus of the water = 2.088 x 10° Pa; Gas constant, R = 8.31 J/mol-K; Mean molecular
mass of air = 28.8 x 10 > kg/mol; C, /Cy for air = 1.4} : (IEF 20013

1 157 wit watar leve
CUTIPEY A 3.6 m long pipe resonates with a source of frequency 212.5 Hz when water le vel
' S S o i
is at certain heights in the pipe. Find the heights of water level (from the bottom of th:e pipe] at which

CERpI toht 1 e A email kb
resonances occur. Neglect end correction. Now the pipe is filled to a height H (= 3.6 m). A smail hole
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is drilled very close to its bottom and water is allowed to leak. Obtain an ion.
; , - . . expression for the rate of §

of watc;r level in the pipe as a function of H. If the radii of the pipe and the hole are 2x 102 m a3
1x10™ mrespectively, calculate the time interval between the occurrence of first two resonancy
Speed of sound in air is 340 m/s and g =10 m/s2. _ CEE 2 A
. . § |'

Along wire PQR is made by joining two wires PQ and QR of eqial radii, PQ hal

length 4.8 mand mass 0.06 kg. QR has length 256 mangd mass 0.2 k’:The ﬁeoliégui:lur:gi :r% :

of 80 N. A sinusoidal wave pulse of amplitude 3.5 cm is sent along the wire PQ from the end P

power is dissipated during the propagation of the wave pulse. Calculate ; i

(a) 'the time taken by the wave pulse to reach the other end R, and ' -

(b) the amplitude of the reflected and transmitted wave pulse after the incident wave i
crosses the joint Q. (JEE 1p9:

The air column in a pipe closed at one end is made to vibrate in its secor
g:/:;tg:i :gyl ::tr;i(rilg LfeotricJ o(fi frequency 440 Hz. The speed of sound in air is 330 m/s. End correctio
' en . . :

et o vgri o g: the mean pressure at any point in the pipe, and AP, the maximuy
(a) Find the length L of the air column. B : : |
(b) What is the amplitude of pressure variation at the middle o% the column ?
(c) What are the maximum and minimum pressures at fhe'dpe'n end of the pipe ?
(d) What are the maximum and»minimum pressures at the. closyed end of the pipe ? (JEE 1998

The first overtone of an open organ pipe beats with the first overtone of a closé}
organ pipe with a beat frequency of 2.2 Hz. The fundamental frequency of the closed organ pipef
110 Hz. Find the lengths of the pipes. Speed of sound in airv =330m/s.  (JEE 1997, Cancelled}

A metallic rod of length 1m is rigidly clamped at its mid-point. Longitudin

stationary waves are set up in the rod in such a way that there are two nodes on either side of thd i

E

mid-point. The amplitude of an antinode is 2 x 10~ m. Write (a) the equation of motion at a point

cm from the mid-point and (b) equation of the constituent waves i od "'
. - s in th . (Y 's M 3
material of the rod = 2 % 1011 Nm -2; density = 8000 kgm‘3.) € I oung's \ od_ulus of th

'roble 3y Two ra.dio stations broadcast their programmes at the same amplitude, A and
s;xghtly different frequencies w, and @, respectively, where®; -, =10° Hz. A detector receives the
¢ gnals from the two stations simultaneously. It can only detect signals of intensity > 242, 1

(a) find the time interval between successi i i ; i
ive maxima of the intensi i : -
the detector. ty of the signal received by

(b) find the time for which the detector remains idle'in each cycle of the intensity of the signal. 3
.. , (JEE 1993)

M

e

PYSIIPTEN Two moles of a monoatomic ideal gas undergo a 2Py
cyclic process ABCDA as shown in figure. BCD is 2 semicircle. Find the p,

efficiency of the cycle. N

Vo 2Vyp v
PURNIEPYIN  Three moles of an ideal gas initially at temperature T =273K is expanded

isothermally so that its volume increases 5 times. It is then heated at constant volume till the final pressure
becomes equal to its initial value. If the total amount of heat transferred is Q = 80kJ. Find the ratio

=—2 of the gas.
Y C g

v

Two glass spheres of equal volume are connected by a small tube containing a small
amount of mercury as shown in figure. The spheres are sealed at 20° Cwith " Hg

exactly 1 litre of air in each side. If the cross-sectional area of tube is 5mm?,
how far will the mercury be displaced if the temperature of one sphere is

raised by 01° C while the other is maintained at 20° C?

ENSPEPLEYA  Pressure P, volume V and temperature T for a certain material are related by
_aT2
P=aT BT
1%
where o.and P are constants. Find the work done by the material if the temperature changes from T
to T, while the pressure remains the constant.

A thin U-tube sealed at one end consists of three
bends of length | = 250 mm each forming right angles. The vertical parts
of the tube are filled with mercury to half the height. All of mercury is
displaced from the tube by heating slowly the gas in the sealed end of the
tube. Determine the work done by the gas if atmospheric pressure is 1 1
P, =10° N/m?, the density of mercury in py, =136 x10% kg/m® and 2
thecrow-secﬁonalareaoftubeisS=1cm2.(g=9.8m/52) Py )

[#]
[ P

X

[

I A pond of water at 0°Cis covered with a layer of ice 4.00 cm thick. If the air
temperature stays constant at —10° G how long does it take the ice’s thickness to increase to 8.00 cm.

Thermal conductivity of ice is 2 W/m ° Cand latent heat of fusion is 80 cal/g. Density ofice is 900 kg/m3.
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An aluminium rod of length/ = 0.5 m is attached to the bottom of an iron
rod of length L =1 m as shown in figure. Find the decrease in height per unit change in
temperature of the centre of mass of both the rods.

Assume that cross-sectional area of both the rods are equal.
Given : density of iron=786  g/ec, density of aluminium = 4.4 g/cc
Qiron =11 %1078 per °C and QL aluminium = 25 % 1078 per °C.

]

MO U  Two identical adiabatic vessels A and B, each containing n moles of a monoatomic
and diatomic ideal gas respectively, are connected by a rod of length | and cross-sectional area A.
Thermal conductivity of rod is K and lateral surface of (he rod is insulated. At time t = 0, temperature of

the gases in the vessel are T; and T, respectively with T, >T,.Find the temperature difference between
the vessels at any time ¢,

Two steel rods and an aluminium rod of
equal length /5 and equal cross-section are joined rigidly at
their ends as shown in the figure. All the rods are in a state of
zero tension at 0° C. Find the length of the system when the
temperature is raised to 6. Coefficient of linear expansion of
aluminium and steel are a; and o respectively. Young’s
modulus of aluminium is Y; and of steel is Y.

RN A solid cylindrical rod of length L, and
cross-sectional area A lies with its axis along the x-axis and one of
its ends at the origin O. The conductivity of the material of the
cylinder varies with temperature T as,

K=Ky(1+aT)
If the end Ois maintained at a temperature 2T, o and the other end is at T,). Find the rate of heat flow
across the rod assuming no loss of heat from the sides of the rods.

A body of heat capacity C is connected by 2 rods of same
cross-sectional area A and length I but different thermal conductivities k, and k,
as shown in the figure. The free ends of both the rods are maintained at constant
temperatures T, and T,. The temperature of the body is T, at time t=0, such

that Ty < Ty <T;. Find the temperature of the body after time ty =

Alk; +k,)

Three moles of an ideal diatomic gas is taken through P4
a cyclic process ABCA as shown inthe P - T diagram. During the process B ¢
AB pressure and temperature of the gas varies such that PT 2 is constant. If 21+
Tg =300K, calculate :

(a) the work done on the gas in the process AB.

(b) the heatabsorbed orreleased by the gas in each of the processes.

Give answer in terms of the gas constant R. Pir A
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i i jabati . At a certain stage A, the values of volume
EGENl A gas is undergoing an adiabatic process. A _ .
rature =(Vp, Tp) and the magnitude of the slope of VT curve is m. Find the value of
an 3
e el i f vol 100 litres at temperature
WM 2.8 grams of an ideal gas is taken in a container o volume itres
Pr K nd pressurf;’ =1.5x 10% Pa. The gas in the tube is heated isobarically to a temperature T,.
g:a;ding waves of frequency 5 kHz is produced in tube. The separation between the nodes at
temperatures T; and T; are 3 cm and 4 cm respectively find
(a) the final temperature T,
(b) adiabatic constant y
{c) amount of heat supplied

q ini i jecti ] d it to infinity from the surface of
EWYA  The minimum velocity of projection of a body to sen : . ;
a 1//6 times that is required from the surface of the earth. The radius of the planet is 1/36 times

i here which contains monatomic inert gas
ius of the earth. The planet is surrounded by an atmosp : .
:he-rg(/jé;lof constant density up to a height h(h << radius of the planet). Find the velocity of sound on the
szn?face of the planet in terms of g, the acceleration due to gravity on earth surface and h.

NI IELEN One mole of an ideal gas is taken from an initial state Py, V, and temperature Ty
through the following cycle : (C,/C, for the gas is 1.4)

(a) Heating at constant volume to a temperature 3T.

(b) Adiabatic expansion to a volume 2V,.

(c) Cooling at constant volume. -

. (d) Adiabatic compression so that it is returned to its initial state.

(i) Show this cycle on a PV diagram.
(i) Calculate efficiency of the cycle.

Given : (271* =0.38
A composite bar is rigidly attached to the end
supports. The temperature of the composite system is raised by
60°C. Find out the stress in three portions of the bar.
[Y, =200 GPa, 0, =12 x 107%/°C, Y, =90 GPa,
a, =20x107%/°C Y, =100 GPa, o, =16x107°/°C]

lccpper Aluminium

| RARRREEEES S o10em feeeeeeeees

Scm

5cm
<25 cn-»>4— 50 cm—»<€=25 cm

5R . .
. == tina
CYSITEIGE  An ideal gas has a specific heat at constant pressure Cp = 5 The gas is kept in

closed vessel of volume V; m? at a temperature Ty K and pressure Py N/m 2. An amount of 10 P)V; J of
heat is supplied to the gas.

(a) Calculate the final pressure and temperature of the gas.
(b) Show the process on P — V diagram.

i i i i i ble piston of
vertical hollow cylinder of height 1.52 m is ﬁtte.d w1th a moval
nimandﬁ]ickness. The lowec::} half portion of the cylinder contains an 1de§l gas agd ;hag u?lsheer
half is filled with mercury. The cylinder is initially at 300 K. Wh_en the temperature is raise f, o e
mercury comes out of the cylinder. Find this temperature, assuming the thermal expansion of mercury
be nedliaible. (P~ = atmospheric pressure = 76 cm of Hg)
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In the given figure, an ideal gas changes s state from  p] Problems : 61
state A to state C by two paths ABC and AC. 8 Pa Two samples A and B of same gas have equal volumes and pressures. The gas in
(a) Find the path along which work done is less. sample A is expanded isothermally to double its volume and the gas in sample B is expanded to double
(b) The internal energy of gas at A is 10 J and the amount of heat ts volume adiabatically. If work done by the gas is same in the two processes. Show that v (= C,,/C, )
supplied to change its state to C through path AC is 200 J. 4Pa . ; satisfies the equation
Calculate the internal energy of gas at C. 1-21"7 =(y-1)In2

The i i i .
(c) The intemal energy of gas at state B is 20 J. Find the’amount of EYSNPPRESEN  Consider a cylindrical column of air in uniform gravitationai field. The temperature

\ 4

heat supplied to the gas to go from A to B. 5rr'|3 15m3 Vv P
of air varies with height in such a way that — = constant. Herepis density and y (= C p/Cu )does notvary
] A P ~
.A ga.s undergoes cyclic process as shown in the figure, 159 with height. Considering air as an ideal diatomic gas, find the change in temperature for a height of 1 km.
5-1 and 3-4 are adiabatic process, 1-2 and 4-5 are isochoric process, 2-3 is 2 3 Molecular weight of air is 0.029 kg/mol, R = 831 J/mol-K and g = 9.8 m/s?
isobaric process. Find efficiency of the cycle. Pliog
: 1
4
e 104 A gas is inside a cylinder closed by a piston. The piston is held from above
: 5 , by a spring whose elastic properties obey Hooke's law. Plot a rough P-V diagram. If the gas is
v heated then determine the work done by the gas in the process if volume of the gas varies

One mole of an ideal gas goes through a cycle P 4
consisting of alternate isothermal and adiabatic curves.
AB, CD, EF are isothermal and BC, DE, FA are adiabatic curves.
Temperature of each isothermal curve is given in the graph. The
volume changes two fold in every isothermal expansion. Find

(a) work done by the gas in the cycle '

(b) heat absorbed by the gas

(c} efficiency of the cycle

from Vj to V, and the pressure varies from P; to Py.

A vertical thermally insulated cylinder of volume V contains n moles of an ideal

-monoatomic gas under a weightless piston. A load of weight W is placed on the piston as a result of which
the piston is displaced by a distance h. Determine the final temperature of the gas. The area of the piston
is A and atmospheric pressure is Py.

‘ PA ETIEREN A horizontal insulated cylindrical vessel of length 2 i ted by a thin insulati
i y ) 4P . cylindrical vessel of length 2 is separated by a thin insulating
s m 3 f ) Pre}s)slurethtemperamre (.P T) graph of n moles of an ideal ™ piston into two equal parts each of which contains n moles of an ideal 2] -
g oc;»vn 1.r1 igure. Plot the corresponding monoatomic gas at temperature T. The piston is connected to the end faces of — at
(a) density-volume (p-V) graph 2P, the vessel by undeformed springs of force constant k each. The left part is in N,

k
(b} pressure-volume (P-V) graph and contact with a thermostat-(a device which maintains a constant temperature). |—¥——TWHN—

(c) density-pressure (p-P) graph. ' Po When an amount of heat Qis supplied to the gas in the right part, the piston is n.T nT
displaced to the left by a distance x =1/2. Determine the heat Q’ given away at “-aQ
R : : the temperature T to the thermostat by the left part of the piston.
° To 2T 7 I EEYYE A solid material has a density p coefficient of linear expansion & and mass m.

Pa (a) Find the difference of heat capacities C, and C, at pressure P.

(b) Find the difference (in joule per mole-Kelvin) in the molar heat capacities of aluminium at
atmospheric pressure using o= 23x 106K, M =27 x 10~ kg/mol, p = 2700 kg/m® and
atmospheric pressure, Py =1.01 x 10° Pa.

A vessel is completely filled with 500 g of water and 1000 g of mercury. When
212 10% cal of heat is given to it, water of mass 3.52 g overflows. Calculate the coefficient of volume
expansion of mercury. The expansion of vessel may be neglected. Coefficient of volume expansion of
>V water is 1.5 x 10~ per ° C. Density of mercury is 13.6 g/cc and density of water is 1 g/cc before heating
and specific heat of mercury and water are 0.03 and 1 cal/g-° Crespectively.

Helium is used as working substance in an
engine working on the cycle as shown in figure. Process AB is
isobaric, BC is adiabatic, CD is isochoric and DA is isothermal. The
ratio of maximum to minimum volume of helium during the cycle is
8V2 and that of maximum to minimum absolute temperature is 4.
Calculate efficiency of the cycle in percentage.
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CLUIMEYZN  An ideal gas has specific heat at constant pressure C, = % The

gas is kept in a cylindrical vessel fitted with a movable piston as shown in the figure.
Mass of the frictionless piston is 9 kg. Initial volume of the gas is 0.027 m® and
cross-section area of the piston is 0.09 m 2. The initial temperature of the gas is 300 K.
An amount of 2.5x10* J of heat energy is supplied to the gas. Calculate the initial
pressure, final pressure, final temperature and the work done by the gas. The walls of
the cylinder and piston are thermally insulated. (P, =1.05%x10° N/m 2)

ACEZEN One mole of a gas is taken in a cylinder with a
movable piston. A resistor R connected to a capacitor through a key is

immersed in the gas. Initial potential difference across the plates of the R = 2kQ
capacitor is equal to 640/3 V . When the key is closed for (2.5 n 4) minutes,
the gas expands isobarically and its temperature changes by 22 K.

(a) Find the work done by the gas

(b) Increment in the internal energy of the gas — l_'/ —
(c) The value of y. C=75mF

|

A horizontal frictionless piston, of negligible mass and heat capacity,
divides a vertical insulated cylinder into two halves. Each half of the cylinder contains 1 mole of
air at standard temperature and pressure Po-

A load of weight W is now suspended from the piston, as shown in the figure. It pulls the
piston down and comes to rest after a few oscillations. How large a volume does the
compressed air in the lower part of the cylinder ultimately occupy if W is very large?

1/R mole (where R is the magnitude of the gas constant in the S system) of an ideal .
diatomic gas is enclosed in a container of volume 4 litres at a pressure of 2% 10° Pa. The container is
attached to a piston by which its volume can be changed. Initially the gas undergoes adiabatic
compression to a volume of 2 litres. Then the gas is given 200 J of heat at constant pressure.

(a) Plot the complete process on a PT diagram. (Take 2'4 = 2.63) '

(b) Find the total work done by the gas. '

It JEE PROBLEMS =

The piston cylinder arrangement shown contains a
diatomic gas at temperature 300 K. The cross-sectional area of the cylinder is
1 m?. Initially the height of the piston above the base of the cylinder is 1 m.
The temperature is now raised to 400 K at constant pressure. Find the new
height of the piston above the base of the cylinder. If the pistorn is now brough
back to its original height without any heat loss, find the new equilibrium
temperature of the gas. You can leave the answer in fraction. (JEE 2004)

3
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TN A cube of coefficient of linear expansion o is floating in a bath containing a liquid

i i is raised by AT, the depth upto which
fficient of volume expansion y;. When the temperature is raise ] i
‘t)lfecgﬁbe is submerged in the liquid remains the same. Find the relation between o, and y;, showing

all the steps (JEE 2004)
FIILUNEE{Y] One end of a rod of length L and cross-sectional T,

Adis kept in a furnace of temperature T;. The other end of the r(?d . Insulated

is kept at a temperature T,. The thermal conductivity of the material |gymace T, Rod T,

of the rod is K and emissivity of the rod is e. It is given that T, = 1} + AT, «_r;u%a;_,

where ATST,,T, being the temperature of the surroundings. If

ionali ider that heat is ‘
AT o (T, —T,), find the proportionality constant. Consider ea
lest on('ﬁlr by ;adiation' at the end where the temperature of therod is T,. ~ (JEE 2004)

. Sy i ini ' omic f molar mass M moving with a
An insulated box containing a monoatomic gas o 1 m
o i i i | i t of stopping the box.
speed v, is suddenly stopped. Emd thé mqemegt m_g.asxt-gmperature as a result of stopp g(JEE s
The top of an insulated cylindrical container is
covered by a disc. having emissivity 0.6 and conducpvxty 0.167
W/Km and thickress 1 cm. The temperature is maintained by
circulating oil as shown : } C o _
~ (a) Find the radiation loss to the surroundmg§ in J/m?s if
temperature of the upper surface of disc'is 127°C and

Oil in
temperature of surroundings is 27°C. o —
() Also find the temperature of the circulating oil. Neglect the
heat loss due to convection. - "
[Given: g= -1-'?;7- X 10—8 Wm-zK_4] (JEE 2003)

" i ide ins heli tomic weight 4) at a pressure
MLl CINEERN A cubical box of side 1 meter contains helium gas (atomi
of 100 N/m*. During an observation time of 1 second, an atom travelling with the root-mean-square

speed parallel to one of the edges of the cube, was found to make 500 hits with a particular wall, \
thous o wi | 25 nd k=1.38x 102 J/K.
without any collision with other atoms. Take R = 5 J/mol-K and k=1.
(a) Evaluate the temperature of the gas.

(b) Evaluate the average kinetic energy per atom.
(c) Evaluate the total mass of helium gas m.th¢ box.

SO INRELS A monoatomic ideal gas of two moles is taken
through a cyclic process starting from A as shown in the figure. The

volume ratios are —2 = 2and ‘—;‘l = 4.1f the temperature T, at A is 27°C,
A A .

(JEE 2002)

calculate .
(a) the temperature of the gas at point B..
(b) heat absorbed or released by the gas in each process.
(c) the total work done by the gas during the complete cycle.
Express your answer in terms of the gas constant R.  (JEE 2001)
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Two moles of an ideal monoatomic gas is taken Pa
through a cycle ABCA as shown in the P-T diagram. During the process
AB, pressure and temperature of the gas vary such that PT = constant. If
T, = 300K, calculate
(a) the work done on the gas in the process AB and
(b) the heat absoibed or released by the gas in each of the : :
processes. T 21'_ > T
- Give answers in terms of the gas constant R. (JEE 2000) ! !

e CUMEEI N Two moles of an ideal monoatomic gas, initially at pressure P; and volume Vj,
undergo an adiabatic compression until its volume is V,. Then the gas is given heat Q at constant
volume V.

(@) Sketch the complete process on a P-V diagram.

(b) Find the total work done by the gas, the total change in internal energy and the final
temperature of the gas.

[Give your answer in terms of P, : V; : V, : Q and R]

One mole of an ideal monoatomic gas is taken Pa
round the cyclic process ABCA as shown in figure. Calculate :
(a) the work done by the gas 3P,
(b) the heat rejected by the gas in the path CA and the heat
absorbed by the gas in the path AB. :
"(¢) the net heat absorbed by the gas in the path BC Po : \
(d) the maximum temperature attained by the gas during the v 2\'/ Y
© cycle. (JEE 1998) ° °

A solid body X of heat capacity C is kept in an atmosphere whose temperature is
T, = 300K At time t = 0, the temperature of X is Ty = 400K. It cools according to Newton's law of
cooling. At time t, its temperature is found to be 350 K.
At this time (¢, ) the body X is connected to a large body Y at atmospheric temperature T,, through
a conducting rod of length L, cross-sectional area A and thermal conductivity K. The heat capacity of
Y is so large that any variation in its temperature may be neglected. The cross-sectional area A of the
connecting rod is small compared to the surface area of X. Find the temperature of X attimet = 3t;.
(JEE 1998)

O NEEEN A sample of 2 kg of monoatomic helium gas (assumed ideal) is taken through the
process ABC and another sample of 2 kg of the'same gas is

taken through the process ADC (see figure). Given, relative (104N/,':,2)A
molecular mass of helium = 4. 10 frromenees T

(a) What is the temperature of helium in each of the
states A, B,C and D ?

(b) Is there any way of telling afterwards which sample
of helium went through the process ABC and which
went through the process ADC ? Write Yes or No.

{(¢) How much is the heat involved in each of the

processes ABC and ADC ? (JEE 1997, Cancelied)

(JEE 1999)

-
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problem 340. | - Onemoleofa diatomic ideal gas (y = 1.4)is taken through a cyclic pfpcess starting
from point A.: The process A — B is an adiabatic compression. B— C is isobaric expansion, C — D an
adiabatic expansion and D — A is isochoric.
The volume ratios are V,/Vp =16 and V; /V =2 and the temperature at A is T, =300K.
Calculate the temperature of the gas at the points B and D and find the efficiency of the cycle.

. (JEE 1997)
Problem EYSH The apparatué shown in figure consists of - —
four glass columns .connected by horizontal sections. The Al
height of two central columns B and C are 49 cm each. The two o

outer columns A and D are open to the atmosphere. AandC are
maintained at a temperature of 95° C while the columns Band D
are maintained at 5°C. The height of the liquid in A and D
measured from. the base line . are 52.8 cm and 51 cm
réspectively. Determine the linear coefficient of thermal
expansion of the liquid. -~ = (JEE 1997)

Problem 342. At 27°C two moles of an ideal monoatomic gas occupy a volume V. The gas
expards adiabatically to a volume 2V. Calculate : :
-+ -(a) - the final temperature of the gas
(b) change inits.internal energy

) theiiig@i‘l«équnéiby the gas during this process.

RS

(JEE 1996)

» A gaseous mixture enclosed in a vessel of volume V consists of one gram mole of a
gas A with y(=C,, /C, = 5/3) and another gas B with y =7/5at a certain temperature T. The gram
molecular weights of the gases A and Bare 4 and 32 respectively. The gases Aand B dlg/?sm react with
each other and-are assumedto be ideal. The gaseous mixture follows the equation PV = constant,
in adiabatic process. o _

‘() .Find the number of gram moles of the gas B in the gaseous mixture.

(b) Compute the speed of sound in the gaseous mixture at 300 K. .

() IET is raised by 1 K from 300 K, find the percentage change in the speed of sound in the

gaseous mixture. A o
~ (d). The mixture is compressed adiabatically to 1/5 of its initial volume V. Find the c_hange in its
‘ adiabatic compressibility in terms of the given quantities. (JEE 1995)

Anideal gas is taken through a cyclic thermodynamic process through four steps.
The amounts of heat involved in these steps are Q;=5960J, Q,=-5585J, Q3=~2980J and
Q4=3645J reépetti\iely. The corresponding quantities of work involved are W, =2200 J,
W, = 825 J, W5 =~110QJ and W, respectively.

(@) Find the value of W,. '

(b) 'What is the efficiency of the cycle ?
A closed container of volume 0.02 m3contains a mixture of neon and argon gases,
ata temperature of 27° C and pressure of 1 x 10° Nm ™. The total mass of the mixture is 28 g If the mol:flr‘
masses of neon and afgon are 20 and 40 g mol ™ respectively, find the masses of the individual gases in
the container assuming them to be ideal (universal gas constant, R = 8.314 J/mol-K). (JEE 1994)

(JEE 1994)



g

66 Problems in Physicsgg

MOTUIELGE  One mole of a monoatomic ideal gas is taken through the cycle shown in figure =
PA

A — B: adiabatic expansion

B— C : cooling at constant volume
C — D adiabatic compression

D— A : heating at constant volume,

The pressure and temperature at A, B etc. are denoted by P, T,, Ps, Ty etc., respectively. G1ven

that T, =1000K, Py =(2/3)P, and P, =(1/3) Py, calculate the following quantities :
(a) The work done by the gas in the process A— B
(b) The heat lost by the gas in the process B C.
(c) The temperature T;,. [Given : (2/ 3) Y5z, 85]

-~

Two.moles of helmm gas undergo a cychc process as shown in figure. Assummg
the gas to be 1deal calculate the following quantmes in thm process :
(a) The net change in the heat energy ’
‘(b) The net work done.

(¢) The net change in internal ene‘r'gy.

2atm

1atm L “HC

»

300K 400K

MO IEOIRENE N A cylindrical block of length 0.4 m and area of cross-section 0.04m? is placed-

coaxially on a thin metal disc of mass 0.4 l\g and of the same cross-section. The upper face of the
cylinder is maintained at a constant temperature of 400 X and the initial temperature of the disc is
300 K. If the thermal conductivity of the material of the cylinder is 10 watt/m K and the specific heat

capacity of the material of the disc is 600 J/kg-K, how long will it take for the temperature of the disc .

to increase to 350 K ? Assume, for purposes of calculation, the thermal conductivity of the disc to be
very high and the system to be thermally insulated except for the upper face of the cylinder. :
, (JEE 1992)

(JEE 1993) I

:§
S
2

 (JEE 1992)
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I CUIELES A man A stands to one side of a mirror; a second
man B approaches the mirror along the line perpendicular to it which : T
passes through its centre. At what distance from the mirror will B be at : 'y ln

the moment when A and B see each other in the mirror?

1

Problem 350. EGCEEW of‘ light failing on a glass sphere of p = /3 such that the directions of the
incident ray and emergent ray when produced meet the surface at the same point on the surface. Draw
the ray dlagram and find the value of angle of incidence.

A ray incident on a spherical drop of water at an angle of incidence i undergoes two
reflections (not necessanly total internal reflections) and emerges from the drop. If the deviation suffered
by the ray within the drop is minimum and the refractive index of the drop is p, then show that

2 _
cosi= a 1.

I NBEEYA  Two rays are incident on a spherical mirror of radius R = 5 cm parallel to its optical
axis at a distance h; = 0.5 cm and h, = 3 cm. Determine the distance A x between the points at which
these rays intersect the optical axis after being reflected at the mirror. '

. . . . AY
HCUIEUEEEEN  You are given a parabolic mirror whose inner surface

is silvered. The equation of the curve formed by its intersection with x — y
planeis given by y = %— Aray travelling in x — yplahe alongliney = x + 3

hits the mirror in second quadrant and gets reflected. Find the unit vector
in the direction of reflected ray. -

HOlMGUIEREEN A point source of light is placed inside water and a thin converging lens (., =H 2)is
placed just outside the plane surface of water. The image of source is formed at a distance x from the
surface of water. If the lens is now placed just inside water and the image is now formed at a distance x’

from the surface of water, then show — 1 —x = 1.1 (ul i} where f is focal length of the lens and 1 ; is the

x> x" iy -
refractive index of water.




ReIEUNEEYM A plane mirror and a concave mirror are
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An object is moving with a velocity of 5 /Zs omis 5
60°

cm/s at an angle of 60° with respect to the optic axis of a % Iy
x A

concave mirror of focal length 100 cm. The object is at a
distance of 50 cm from the mirror. Find the velocity of image 5

at the given instant. ‘

—
<

50 cm
' 1.1 1, , '
MR Show that the equation, = + = = ~f— is that of a rectangular hyperbola having the
v ou

asymptotes the lines, x = f and y = f. Plot a graph with object distance u as abscissa and image distance v
as ordinate for a mirror of focal length ‘ f* and for object distances from 0 to . ‘

r=200cm
45° _ 0 B

arranged as shown in figure and O is a point object. Find the
position of image formed by two reflections, first one taking place
at concave mirror.

. i
; :
¢ - 890cm 110 cm g

r=18cm

MCLICIUIEETN A concave mirror and a glass slab (1 =1.5) are
arranged as shown in the figure. A converging bundle of paraxial rays
is incident on the slab as shown. Find the position of the final image.

e

MCLICUIEEEN  The path of a ray of light passing through an equilateral
glass prism is shown in figure. The ray of light striking at AC is incident at critical
angle. Find the refractive index of glass.

The diagonal AC of a right angled prism ABC is silvered. A ray of light falls on face
AB perpendicular to AC and finally comes out of the face BC. What is the angle ¢ made by the outgoing
ray with the normal to the face BC. Refractive index of prism is 1.5 and £ BAC is 60°.

CLICUNEINY  The refracting angle of prism is 60°. A ray of light passing through the prism
undergoes a deviation of 30°. If the prism is rotated keeping the incident ray fixed through an angle 30°,
the same deviation is again obtained. Calculate the refractive index of the prism.

Problems 6,9
A 16 cm long pencil is placed at 45° angle e
with its centre 15.0 cm above the optic axis and 45.0 cm from SX

a convex lens of focal length 20 cm as shown in figure.
Assume that the diameter of the lens is large enough for the
jal approximation to be valid :
(a) where is the image of the pencil formed. (give the
location of the images of the points A, B and C)
(b) what s the length of the image (the distance between
the images of points A and B).

Afly F is sitting on a glass slab A, 45 cm thick and of
refractive index 3/2. The slab covers the top of a container Beontaining |-
water (Refractive index 4/3) upto a height of 20 cm. The bottom of A}
container is closed by a concave mirror C of radius of curvature 40 cm. |
Locate the final image formed by all refractions and reflection

assuming paraxial rays.

A composite slab consisting of different media is placed in front of a concave mirror
of radius of curvature 150 cm. The whole arrangement is placed in water (u,, = 4/3). An object O is
placed at a distance 20 cm from the slab. The refractive index of different media are given in the diagram.
Find the position of final image formed by the system.

=4
Hw 3 .
0
je—————>
20cm
DDl
45cm 24cm S54cm

i0cm

CPYYITENEA  Two converging lenses of the same focal length f are separated by distance 2f. The
axis of the second lens is inclined at angle 6= 60° with respect to the axis of the first lens: A paral.lel
paraxial beam of light is incident from left side of the lens. Find the coordinates of the final image with

respect to the origin of the first lens.




N

LU YA  An object ABis placed at a distance d in
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Problem 366. JY double convex lens forms a real image of an object on a screen which is fixed. Now'
the lens is given a constant velocity v, along its axis and away from the screen. For the purpose of

forming the image always on the screen, the object is also required to be given an appropriate velocity,
Find the velocity of the object at the instant its size is n times the size of the image. (n < 1)

.o — U, h —> v, '
front of a concave mirror at time t=0. If the mirror and | 8
object move with constant velocities v; and v, respectively in I
the direction shown, find the velocity as a function of time ¢, A
initial distance d, v,, v, and radius of curvature of the mirror e _E

R with which a screen should be moved so that the image of
the object is always formed on the screen. Assume that the
object is always between focus and infinity.

(Given thatv; > v,)

A parallel beam of light is incident on the system —>—
as shown in figure. Refractive indices of different parts are shown.
Assuming o to be small, find the deviation in the emergent beam
w>p). ——

The faces of prism ABCD made of glass of
refractive index p form dihedral angles £ A =90°, /B=75°,

£C=135°and £D = 60°. A beam of light falls on face AB an:
after complete internal reflection from face BC, escapes through
face AD. Find the range of p and angle of incidence o of the
beam, if a beam that has passed through the prism in this
manner, is perpendicular to the incident beam.

MCIEUNEY'E A ray of light is incident on the surface of a sphere of
refractive index +/7/2. Other half of the sphere is silvered. After refraction it is

reflected and then refracted out of the sphere again such that the total deviation
is minimum. Find :

(a) the angle of incidence of the ray

~ (b) total deviation of the ray. (sin 41° = \/g]

M LICTUNEYSY A point object is kept at a distance of 100 cm from a parabolic reflecting surface

x= 8y2. An equiconvex lens of focal length 20 cm is kept at a distance of 80 cm from origin as shown in

figure. Find the position of the image after reflection from the surface.

problems 71

wb!

Oe

&

»l
L]

‘€ 80cm o
< >t
100cm

Incident ray

I ICUNEIVA A transparent cylinder of radius R=200m has a
mirrored surface on its right half as shown in figure. A light ray travelling

in air is incident on the left side of the cylinder. The incident ray and the ,p,
exiting ray are parallel and at a distance d =2.00m. Determine the
refractive index of the material.

Exiting ray
. When the object is placed at 4 cm from the objective of a compound microscope, the
ﬁa image formed coincides with the object and is at the least distance of distinct vision (25 cm). If the
magnifying power of the microscope is 14, calculate the focal length of the objective and the eye piece.

N EUIEIL® Three right angled prisms of refractive indices jt;, L » and i 5 are joined together SO
that the faces of the middle prism are in contact each with one of the outside prisms. If the ray passes
through the composite block undeviated, show that

uf+ud-ni=1
A lake is lit by an underwater isotropic lamp. If the surface of the lake is covered by a

Problem 375

layer of oil of refractive index 1.2. Calculate the percentage of light

{a) escaping from the lake surface
(b) totally internally reflected in the water-oil layer.
Assume that the lake is absolutely calm and that both the oil and water are 100% transparent. The

refractive index of water is 1.33.

SCMEUIEIE A point source of light is placed on
optical axis of a concave lens having focal length 30 cm at a y 6=5

distance of 90 cm from the lens. A thin prism having prism

angle 5° and made of two materials having refractive indices

3/2 and 4/3 respectively, is placed at a distance of 44.5cm _S| x ™

from the lens. Find the co-ordinates of images formed <455 44.5 cm
assuming position of source as origin and optical axis of lens

as x-axis, also state whether the images are real or virtual.

f, =30 cm

SOINCEELZA  In the arrangement shown, the angle of thin prism is 1°. The image of the object kept

> origin O'is formed at a point |10 cm, — % cm) Find
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@

(o]
[¢—— 30cm

C

(a) radius of curvature of the mirror,
(b) refractive index of the prism.
Consider only paraxial rays.

f,=d

. f2 =3d
eIV A point object is kept at O(0, ). A 2y
and A, are the optical centers of the two lenses shown. o iA - 0.005 cm /\ I X
Find the co-ordinates of final image. Given : d =10 cm. M - A2

The shaded portion of first lens is opaque. 0 e -y
b 20 oL

fe—— d ———>|

[RIUMEIEN  An equilateral prism has an angle of deviation 30° when the angle of incidence is 60°,
Find the angle of deviation if a ray is incident normally on a surface.

A glass prism in the shape of a quarter-cylinder lies on a Light
horizontal table. A uniform, horizontal light beam falls on its vertical plane >
surface, as shown in the figure. _
If the radius of the cylinder is R = 5cm an the refractive index of the glass is
n=1.5, where, on the table beyond the cylinder, will a patch of light be found?

The refractive index of the medium within a
certain region, x > 0, y > 0, changes with y. A thin light ray travelling in .

the x-direction strikes the medium at right angles and moves through /t
the medium along a circular arc.

How does the refractive index depend on y? What is the —
maximum possible angular size of the arc?

Two slits s, and s, are on a plane 45° -
inclined at an angle of 45° with horizontal. The distance

between the slits is v2 mm. A monochromatic point g
source S of wavelength, A =50004 is placed at a ®:--orroere e
distance 1/+/2 mm from the midpoint of slits as shown in
figure. The screen is placed at a distance of v2 m. Find
the fringe width of interference pattern on the screen.

S1

K*’H Screen

Problems ’3

PANEMELEN  Parallel beam of a mono- chromatic light of wavelength A is incident on a converging

lens containing two identical parts L, and L, having refractive indices p and p — A {Ap << pkA screen is
situated at a large distance D from the focus F of the combination. Find the distance y of the first maxima
on the screen. Radius of curvature of each surface of the lens is K.

Monochromatic light passes through an
oﬁ on a screen S and being reflected from a thin
transparent plate P produces fringes of equal inclination on
the screen. The thickness of the plate is equal to d, the
distance between the piate and the screen is | &> d), the
.2 of the th and kth dark fringes are r; and ry.. Find the
-wavelengih oi the light uced in the experiment. Given thatr, L
erdr, <<l | p

e————>4
;m welenh 15 equal to /. - aking into account that the oscillations of source 2 lag in phase ! ?76/
wehind . oscillations of - ource 1 by ¢ {d< xt), find : :
() .heangle8atwi.ch the radiation intensity is maximum. ' 20
(b) the ¢ nditions under which the radiation intensity in the direction 8=7 is
maximum and in the opposite direction, minimum.

TRANIHEIT M A point source emitting light having
Wavelength A is placed at a distance d/2 below the principal
axis of an equiconvex lens of refractive index 3/2 and radius
20 cm. The emergent light from lens fall on the slits s; and s,
placed symmetrically with the principal axis. The resulting
interference pattern is observed on the screen kept at a
distance D = 1 m from the slit plane. Find
(a) the position of central maxima and its width
(b) ratio of intensity at O and maximum intensity. (give
your answer in terms of d and A) You can take the
approximation sin 6 = tan 8, where required.

I LY  In a YDSE experiment the two slits are covered with a transparent membrane of
negligible thickness which allows light to pass through it but does not allow water. A glass sl.ab of
thickness t = 0.41 mm and refractive index jt ; = 1.5is placed in front of one of the slits as shown in the

f
13
}

i je— d

P8 7 system illustrated in figure consists of two coherent point sources 1
. 27" catert - a - oriain plane. The sources are separated by a distance d, the radiation




face AB as shown in the figure. After refractigii it'is incident

when the object is.at a distance of 0.4 m from the lens.. -
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figure. The separation between the slits is d = 0.30 mm.
The entire space to the left of the slits is filled with water of

refractive index ., = %

A coherent light of intensity I and absolute |
wavelength A =5000 A is being incident on the slits
making an angle 30° with horizontal. If screen is placed at
a distance D =1 m from the slits, find '

(a) the position of central maxima.

(b) ratio of intensity at O and maximum intensity.

Et I UEEEN  The interference pattern of a Young’s double slit experiment is observed in two ways
by placing the screen as shown in figure (1) and (2). The distance between two consecutive right most

minima on the screen of figure (1) using light of wavelength A 1 = 4000 A is observed to be 600 times the
fringe width in the screen of figure (2) using the wavelength A, = 6000A. IfD (as shown in figure) is 1 m
then find the separation between the coherent sources S; and S,. ‘

Sy $4
( ......................
D
Screen
Fig. 1 Fig. 2
It JEE PROBLEMS ===
Figﬁre shows an irregular block of - B c

material of refractive index 2. A ray of light strikes the-

on a spherical surface CD of radius of curyagﬁjg 0.4m and : 45° (-

enters a medium of refractive index 1,514 to meet PQ at E. P v
SRES L A

Find the distance OE upto two places of decxmal N
e e WEE 2004) -
. : A

- —aQ
\;1:1.514

*D

An object is approachhéﬁéﬁ%in{conﬁei@_ lens of focal length 0‘.73:1:_1'- witha speed of
0.01 m/s. Find the magnitudes of the rates.of change of position and lateral magnification of jmage

75
391. . Inthe figure, light is incident on the thm lens as shown. -
ture for both the surface is R. Determine the focal ———>
m. ‘ - : (JEE2003) 2 s
S ——
- be 92 ‘ B Aprisrh of refracting angle 30° is coated with a thm film_ A
“oF transparent material of refractive index 2.2 on face AC of the prism. A
htof ,wayele_hgth 6600 A is incident on face AB such that angle of 30°
incidence is 60°, find
" (a) the angle of emergence, and
o () the minimum value of thickness of the coated film on the face AC
forwhich the light emerging from the face has maximum intensity. =

[Given refractive index of the material of the prism is /3] tJEE 2003)

Problem EFENl A thin biconvex lens of refractive index 3//2is placedona horigontal Qlane mirror
as shown in the figure. The space between the lens and the mirror is then filled with water of
refractive index 4/3. It is found that when a point object is placed 15 cm

. P . . . ! T /T\_B
above the lens on its princinal axis, the object coincides with its own image. A
On repeatiiig with another liquid, the object and the image again coxqc@e ata
distance 25 cm from the fens. Calculate the refractive index of the liquid. (JEE 2001)

LS CMMELIM A convexlens of focal length 15 cm and a concave mirror of focal length 30 cm are
kept.th their optic axis PQ and RS parailel but separated in vertical direcnc‘m by 0.6 cm as shown.
The distance between the lens and mirror is 30 cm. An upright object AB of height 1.2 cm is placed on

2 A

1

30cm " 20em
the optic axis PQ of the lensata distance of 20 cm from the lens. If A’ B' is the image after refrac_tion
from the lens and the reflection from the mirror, find the distance of A’ B’ from the pole of the mirror

and obtain its magnification. Also locate positions of A’ and B’ with respect to the optic ?ﬁ_‘sER:OOO)

The X-Y plane is the boundary between two transparent _media. Medium-}_ thh
2> 0 has a refractive index +/2 and medium-2 with z<Ohas a refractive index +/3. Aray of l;g__ht in

medjum-1 ;giv"enfbyfvectdr A= _6_~/§i + 8J§ j =10k is incident on the plane of separangp. Find the
unit vector in the direction of the refracted ray in medium-2. (JEE 1999)
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EEYTSIREETN A prism of refractive index ny and another | pnsm D
- of refractive index n, are stuck together with a gap as shown in the

ﬁgure The angles of the prism are as shown n; and n, depend on. -
‘7& the wavelength of light, according to : '

4
n = 1.20 4 108 10
. ;\’2 :
4 A A ;
 and n2=145+—1§;2—10— * where A is in nm. nl

(a) Calculate the wavelength A ; for which rays mcrdent at any angle on the mterface BC pass
through without bending at that interface. '

- {b) For light of wavelength A, find the angle of incidence i on the face AC such that the

deviation produced by the combination of prisms is minimum. - (JEE 1998)

R CIILTOECYM A thin equiconvex lens of glass of refractive indexp = 3/2and of focal length 0. 3
m in air is sealed into an opening at one end of a
tank filled with water (u = 4/3). On the opposite | 0.9m >l 08m »|
side of the lens, a mirror is placed inside the tank.
The tank wall is perpendicular to the lens axis as
shown in figure. The separation between the lens
and the mirror is 0.8 m. A small object is placed
utside the tank-in front of the lens at a distance
of 0.9 m from the lens along its axis. Find the
position (relative to the lens) of the image of the
ohject formed by the system. (JEE 1 997)

h ELLR A thin plano-convex lens of focal length f is spht into
two halves One of the halves is shifted along the optical axis as shown in
figure. The separation between object and image planes is 1.8 m. The
magnification of the image, formed by one of the half lens, is 2. Find the ©
focal length of the lens and separation between the two halves. Draw the
ray diagram for i lmage formation. (JEE 1996)

€

” .
Mirror
N

A right angle prism (45°-90°—45°) of refractlve '
index n has a plane of refractive index n,(n, <n) cemented to its.-
dxagonal face. The assembly isin air. The ray is mcrdent on ABas shown
“in ﬁgure -
- (i) Caleulate the angle of incidence at AB for whrch the ray strikes
. the diagonal face at the critical angle.
(n) Assummg n =1.352, calculate the angle of incidence at AB for
which the refracted ray passes through  the dtagonal face _
- undeviated. ;

(JEE 1996)

§'problem 400. f
‘along. rectangular slab of a transparent medmm of’ thlckness t =1.0'm as shown in figure. The point

LR GRS

Problems 77

90°) on

A ray of hght travelhng in air is incident at grazmg angle (incident angle=

of madence is the ongm A (0, 0). The medtum has a variable index of refrac.ion n{y) given by
. L . . ney) [ky3/2+1]1/2 v
s where k= 1 0 (metre) ~372 . The refractive index of air is 1.0. A PEyy)

(a) Obtain a relation between the slope of the trajectory of 7 /,'

the ray at a point B(x,y) in the medium and the /

incident angle at that point. - t=1m B
(b) Obtain an equation for the trajectory Yy (x) of the ray in ) o Medium

the medium. y_J.- : > X
(c) Determine the coordinates (xl,yl) of the point P, — A0 Ar

where the ray mtersects the upper surface of the

slab-air boundary.

{d) . Indxcate the path of the ra ray- subsequently

_An 1mage Yis formed of peint ohJect X by a. lens oX
whose optic axis is AB as shown i m ﬁgure Draw aray. dxagram to locatel

the lens and its: focus. H the 1mage Y. of the object X is ‘formed by a ‘
concave: mzrror (havmg the-samé optlc axis as/AB) instead of lens, draw

'aaother ray dtagram to locate the ‘mirror and its focus: - . : C
Wnte down the steps of constructton of the ray dtagrams

»

A

wEE 995)

>e
we

oY

: UEE1998)

(a) What is'the shape of the mterference fnnges on the screen . A

(b) CaIculate the ratio. of the minimum to the maximum intensities in
the: mterference fnnges formed neat the point P (shown in the figure).

© I the intensity at point P corresponds to a maximum, calculate the minimum distance
through which the reflecting surface AB should be shxfted so that the intensity at P again
becomes maxnnum : (JEE 2002)

+ A'vessel ABCD of 10 cm width has two small slits s, and s, sealed with identical
glass plates of equal thickness: The distance between the slits is 0.8 mm. POQ is the line
perpendicular to the plane AB and passing through O, the middle point of s; and s,. A monochromatic
light source is kept at S; 40 cm below P and 2 m from the vessel, to illuminate the slits as shown in the
figure alongsrde Calculate the position of the central bright fringe on the other wall CD with respect
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to the line OQ Now, a liquid is poured into the vessel and filled upto OQ. The central bright fringe is
found to be at Q. Calculate the refractive index of the liquid. (JEE 2001)

PR UIENEN A glass plate of refractive index 1.5 is coated with a thin layer of thxckness t and
refractive index 1.8. Light of wavelength A travelling in air is incident normaliy on the layer It is
partly reflected at the upper and the lower surfaces of the layer and the two reflected rays interfere.
Write the condition for their constructive interference. If A = 648 nm, obtain the least value of t for

glass sheet of thickness 10.4pm and refractive index 1.5. The interference
pattern is observed on a screen placed 1.5 m from the slits as shown. )
(a) Find the location of central maxtmum (bnght frmge with zero
path dlfference) on the Y-axis
(b) Find the light intensity at pomt O relative to the maximum fnnge intensity.
(c) Now if 600 nm light is replaced by white light of range 400 to 700 nm. Find the wavelength .
of the light that form maxima exactly at point O. .
[All wavelengths in the problem are for the given medlum of refractive index 4/3. Ignore

dispersion] - (JEE 1999)

Problem 407. |\ coherent parallel beam of microwaves of wavelength, A = 0.5 mm falls on a
Young's double slit apparatus. The separation betwen the slits is 1.0 mm. The i intensity of microwaves

is measured on a screen placed parallel to the  plane of thesslits at a distance of 1.0 m from it as shown
in the figure.

which the rays interfere constructwely (JEE 2000)‘
Problem 406. RV Young's double slit experiment is done in a | y
medium of refractlve index 4/3. A hght of 600nm wavelength is falling on E .
the slits having 0.45 mm separation. The lower slit . S, is covered by a thin S-}?{- bepeme - o
]
t
I

D=1m Screen

(a) Ifthe incident beam falls normally on the double slit apparatus find the y-coordinates of all
the interference minima on the screen. .
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(b) If the incident beam makes an angle of 30° with the X-axis (as in the dotted arrow shown in

d th oordinates of the ﬁrst minima on either side of the central maxunum
figure), find the y-coo ‘ (JEE e

Problem LI Ina Young S expenment the upper sht is covered by-a thin glass plate of refractive
index 1.4, while the lower slit is covered by another glass plate, having the same thickness as. the first
one but having refractive index 1.7. Interference pattern is observed using light of wavelength
5400 A. 1t is found that the pomt P on the screen, where the central maximum (n = 0) fall before the
glass plates were inserted, now has 3/4 the original intensity. It is further observed that what used to
be the fifth maximum earlier, lies below the point P while the sixth minima lies above P. Calculate the
thickness of giass plate. (absorption of light by glass plate may be neglected). (JEE 1997)

Problem: 469. JBM Young’s experiment, the source is red light of wavelength 7 %x1077 m When a
m glass plate of refractive index 1.5 at thlS wavelength is put in the path of one of the interfering
beams, the central bright fringe shifts by 1072 mto the posmon previously occupied by the 5th bright
fringe. Fmd the thickness of the plate. When the source is now changed to green light of wavelength
5%x1077'm the central fringe shifts to a position mmally occupled by the 6th bright fnnge due to red
light. Find the refractive index of glass for the green llght Also esnmate the change in fnnge w1dth
due to the change in wavelength. - - (JEE 1997 Cancelled)

Angular width of central maximum in the Fraunhofer diffraction pattern ofa sht is
measured ‘The sht is illuminated by light of wavelength 6000 A When the slit is illummated by llght
of another wavelength, the angu]ar width decreases by ; 30% Calculate the wavelengtl;x_;__ thig hgh_t.
The same decrease in the angular width of central maximum is obtamed when ‘the ongtnal appar tus’
is 1mmersed ina hqmd Find refractive mdex of the liquid.” ’ (JEE 1996)

Problem 411. In figure, S is a monochromatic point source etmttxng hght of wavelength
A =500nm A thin lens of circular shape and focal length 0.10 m is cut into two identical halves L,

and L, by a plane passing through a diameter. The two halves are placed symmetrically about the

central axis SO with a gap of 0.5 mm. The distance along the axis from S toL; and L, is 0.15 m while
that from L; and L, to O is 1.30 m. The screen at O is normal to SO.

L

B 172
-

® Screen

\4

0.15mA 1.30m

() If the third intensity maximum occurs at the point A on the screen, find the dlstance OA:
(i) If the gap between L, and L, is reduced from its original value of O 5 mm, will the distance

OA increase, decrease, or remain the same ? (JEE 1993)




LACLUTUMEAY N Two wires MACN and MBDN, of the ’ AR S
same length but of different resistances R, and R, are
connected as shown in the figure. How should contacts
A, B, Cand D be arranged so that there should be no current
passing through wires AB and CD? Will current pass through
AB and CD with this arrangement of contacts if two points E
and F on these wires are connected? B R

| 5
m

mn
z
1

}a

@]

®>

i Two arbitrary points A and B are chosen on a direct
current two-wire system, one point on each wire. How can we find in which

direction is the source of current with the help of a voltmeter and a e
magnetic needle? ®
| X R
ACUICOIEOEN  How can the resistance of a galvanometer which is normally /@'
cc.)nnected on the diagonal of a Wheatstone bridge be measured on the bridge
without using another galvanometer? '
ry r2

SCLICIEYEN s it possible to determine the e.m.f. of a battery by
connecting up instruments as shown in figure? If yes explain how? ;g"

Poblem w2l s it possible for two cells of respective e.m.f. E; and E 2 and respective internal
resistancer; andr;, to produce a weaker current when connected in series to an external resistance R than
one of the cells by itself, connected to the same resistance?

Problems

Find the electrical resistance of a homogeneous wire frame in
the shape of a regular hexagon with two diagonals linked together at O. The
current is led into the frame at the mid-points A and B of opposite sides of the
hexagon. The resistance of one side of the hexagon is R. . :

TOYETIESEN The plates of a flat capacitor are connected to a ,
galvanometer. One of the plates is earthed. A positive charge is passed between ""T /@’
the plates. What will be the reading of the galvanometer? :

Problem 419. Ifr =1Qand E = 10V in the network shown in figure. Find the currenti and current
in the branch PQ of the circuit.

' i r r _ .
EYSPRSIPPTE A resistor of resistance ¥ =500 Q connected t6 an external battery is placed inside a
cylinder fitted with a frictionless piston of mass m =10 kg, area of cross section 10~ m? and containing 2

moles of an ideal monoatomic gas. A currenti = 0.3 A flows through the v
resistance.
(a) If cylinder is thermally insulated, at what speed v must the i r
piston be moved upward in order that the temperature ofthe > — MW

gas remains constant.

(b) If the piston is fixed and cylinder is insulated find the rise in |
temperature of the gas after 30 second. Take g=10 m/s?, |
R =831 J/mol - K and atmospheric pressure Py = 105 N/m2.

Suppose a voltmeter reads the voltage of a very old cell to be 1.40 V while a

potentiometer reads its voltages to be 1.55 V. What is

(a) the internal resistance of the cell
(b) the current it would supply to a 5 2 resistor. Assume the voltmeter resistance to be 280 Q.

YNNINAYPYE  The resistance of three wires BC, CAand AB of the same uniform cross-section and
material are a, b and ¢ respectively another wire from A of constant resistance d can make a sliding
contact with BC. If a battery of constant emf E is connected between A and point of contact with BC.

Find the minimum current drawn from the battery.
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In the circuit shown in figure V; and V, are two | L
voltmeters of resistances 3000 Q and 2000 Q respectively. In addition I
R, =2000Q,R, =3000Q and E =200V.
(a) Find the reading of voltmeters V; and V, when v %)
(i) switch Sis open PN
(ii) switch Sis closed R s( % Ry
(b} current through S, when it is closed.
(Disregard the resistance of battery)

What amount of heat will be generated in a coil of resistance R due to a charge q
passing through it if the current in the coil A

(a) decreases down to zero uniformly during a time interval to

(b) decrease continuously down to zero halving its value in every t, second.

A conductor has a temperature independent resistance R and a total heat capacity C.
At the moment t=0, it is connected to a DC voltage V. Find the time dependence of conductor's
temperature T assuming that the thermal power dissipated into surrounding space varies as
q=0a(T —Ty) where a. is a constant, T is the environmental temperature (equal to the conductor’s
temperature at the initial moment).

L CAEYIN A cable AB of length | of uniform wires develops a leak at a certain point. To locate
the fault two observations are made. The resistance between A and the earth through the cable when Bis
earthed is found to be that of a length /; of the wire and that between B and the earth when A is earthed

that of a length /. Show that the point at which the fault exists divides AB in the ratio %
2\ -1

Problems in Physics

Consider some resistance of leak also

Two wires of same material and same length but of different square cross-sections
are made from the same material. The sides of the cross-section of the first and second wires are d =1
mm and dy =4 mm. The current required to fuse the first wire is i; =10 A. Determine the current i,
required to fuse the second wire assuming that the amount of heat dissipated to the atmosphere per
second obeys the law, g=oS (T - T,) where Sis the lateral surface area of the wire, T is its temperature,
Ty is the temperature of atmosphere and o is the constant of proportionality which is same for the two
wires.

ALlICEEN  In the circuit shown in figure E, =7V, E;=1V,R =2Q,R,=2QandR; =3Q
respectively. Find the power supplied by the two batteries.
Ry Ry

_E‘WV\«————‘VVV\/—
E, g Rs — E,

Problems 83

OB IY4 N  Find the net emf of the three batteries shown in figure.

av V[ 19
0.5Q
1Q
8v

HOLEI W The figure shows part of certain circuit find:

10 20 0 oA
et W WP [ ——-
C sa 12V im v gen B

4A

(a) Power dissipated in 5  resistance.

(b) Potential difference Vx — Vg

{(c) Which battery is being charged.
HelICIISIN  Find the equivalent resistance of the network shown in figure, across the points O
and A. The resistance of each branch of the octagon is r,,.

A

HCIEGIEEV  [n the circuit shown the resistance R is kept in a chamber whose temperature is 20°C
which remains constant. The initial temperature and resistance of R is 50°C and 15 Q respectively. The

rate of change of resistance R with temperature is % Q /°Cand the rate of decrease of temperature of R is

(In 3)/100 times the temperature difference from the surrounding (assume the resistance R loses heat
only in accordance with Newton’s law of cooling). K is closed at ¢t = O then find the

10v

40

ANAAMA

30 v 6Q
(a) value of R for which power dissipation in it is maximum.
(b) temperature of R when power dissipation is maximum.
(c) time after which the power dissipation will be maximum.
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e g

oble Draw the circuit for experimental verification of Ohm’s law using a source of
val;zable D.C. voltage, a main resistance of 100 Q, two galvanometers and two resistances of valu
10° Q and 107 Q respectively. Clearly show the positions of the voltmeter and the ammeter. 1
|  (JEE 2004
Show by diagram, how can we use a rheostat as the potential divider. 1
- | (JEE 2003)
L UMEER A thin uniform wire AB of length 1 m, an unknown resistance X and a resistance oﬁ
12 Q are connected by thick conducting strips, as shown in '
the figure. A battery and a galvanometer (with a sliding e B |
Jjockey connected to it) are also available. Connections are
to he made to measure the unknown resistance X using the 4
princ.i_ple of Wheatstone bridge. Answer the following A B c D
questions. - '
(a) Are there positive and negative terminals on the galvanometer?
®) F:opy the figure in your answer book and show the battery and the galvanometer (with’
Jjockey) connected at appropriate points. : j
(c) After appropriate connections are made, it is found that no deflection takes place in thei-i

galvanometer when the sliding jockey touches the wire at a distance of 6 in
the value of the resistance X. ce of 60 cm from A, Obtain,

‘Problem 434.

| (JEE 2002);
Find the emf (V) and internal resistance " | | ‘2
(r) of a single battery which is equivalent to a parallel r2 v

2 3

combination of two batteries of emfs V; and V, and internal ,,___| | .
resistances r; and r; respectively, with polarities as shown A B

in figure, J
(JEE 1997, Cancelled) —._«AI{W_._.{ \t_—

LlCLICUBEEYS  An electrical circuit is shown in figure, Calculate the potential difference across

the resistor of 400 ohm as will be measured b i ;
- ! y the voltmeter V of resistan i
applying Kirchhoff’s rules or otherwise. ce 400 ohm either by.

(JEE 1996)

V)

2/
400 Q
AN

100 Q 100 Q 2000
24 i, 1000
< [
I 1 N
10V

A capacitor is connected up with an accumulator. If we move the plates of the
capacitor apart, we overcome the force of electrostatic attraction between the plates and consequently
we do positive work. On what does this work go? What happens to the energy of the capacitor?

Problem 438.

FTISIILELE A conducting disc of radius R is rotating with an angular velocity @. Allowing for the
fact that electrons are the current carriers in a conductor, determine the potential difference between the
centre of the disc and the edge. Mass of the electron ismand charge is e.

Two balls having like charges q; and g, initially have a velocity of the same
magnitude and direction.After a uniform electric field has been applied during a certain time, the
direction of the first ball changes by 60° and the speed becomes two times. The direction of the velocity of
the second ball changes by 30°. In what proportion will the velocity of the second ball change ?
Determine the magnitude of the charge to mass ratio for the second ball, if it is equal to o, for the first

ball.
A point charge q is fixed at the centre of an insultated disc of @2
mass M and radius R. The disc is resting on a rough horizontal plane. Another charge
-Qis fixed vertically above the centre of the disc ata height h. If the disc is displaced
slightly in the horizontal direction, find the period of oscillation of the disc. Friction is
sufficient to prevent slipping.

A parallel plate capacitor is made up of two square plates of sides ‘a’. The distance
between the plates is d. A dielectric slab of dielectric constant 4 -
completely fills the gap between the plates. One end of the slab is
connected to a massless spring of force constant k, other énd of =~
which is fixed. Mass of the slab is M. Initially spring is unstretched. '
A constant force Fy is applied to the slab as shown in figure. Prove
that the slab will execute simple harmonic motion. Find its
amplitude and time period. A

Two small identical balls lying on a horizontal plane are connected by a massless
spring. One ball is fixed and the other is free. The balls are charged identically as a result of which the
spring length increases two fold. Determine the factor by which frequency of small harmonic vibrations of
the system will change. Assume that force constant of spring is constant. 1t does not change with length of
spring. ‘

Two small balls having the same mass and charge are located on the same vertical
line at heights hy and h,. They are thrown simultaneously with the same velocity in the same direction

along the horizontal. _
The first ball hits the ground at a distance from the initial vertical line. At what height will the second

ball be at this instant th: <hs).
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SCUICUIE RN  The diameter of the outer conductor of a cylindrical capacitor is D,. What should be
the diameter of the core (inner cylinder) D; of this capacitor be, so that for a given potential difference -

between the outer conductor and the core, the electric field strength at the core is minimum.

CLIEUNEEN  Find the electrostatic potential energy of two small coplanar dipoles p, and p, ata
distance r apart. The two dipoles make angles 0; and 8, with the line joining their centres.

Three concentric thin spherical shells are of radii a, b and ¢(a< b< c). The first and
third are connected by a fine wire through a small hole in the second. The second is connected to earth,
Find the capacity of the condenser so formed.

(@) Two similar point charges g; and g, are placed at a distance r apart in air. If a
dielectric slab of thickness t and dielectric constant k is put between the charges, calculate the
coulomb force of repulsion.

(b) If the thickness of the slab covers half the distance between the charges, the coulomb repulsive
force is reduced in the ratio 4 : 9. Calculate the dielectric constant of slab.

MCLICI T  Three particles each of mass 1 g and carrying a charge q are suspended from a
common point by insulated massless string each 100 cm long. If the particles are in equilibrium and are

located at the corners of an equilateral triangle of side length 3 cm, calculate the charge q on each
particle.

2
(Takeg=10m/52and 1 =9x10° N-m )
41'580 k92

M EGIEEM  The elechric potential V in volt in a region of space in given by
V=ax? + ay? + 2az2

where a is a constant of proper dimensions.

(a) The work done by the field when a 2 uCtest charge moves from point (0, 0, 0.1 m) to origin is
5x 107 J. Determine a.

(b) Show that in every plane parallel to X-Y plane the equipotential lines are circles.

(c) Whi:/t_is the radius of the circle of the equipotential line corresponding to V=6250V and
z2=+2m.

WCEIEUNEENN A line of positive charge is formed into a semicircle of Y 4
radius R = 60 cm as shown in figure. The charge per unit length along the '

semicircle is described by the expression A = A cos6. The total charge on /’

the semicircle is 120 uC. Calculate the total force on a charge of 300uC
placed at the centre of curvature. » X

The plates of a capacitor of capacitance C = 2 WF carry opposite charges gy = 10 mC.
This is now discharged through a resistance R = 5 Q and an identical capacitor. Find

(a) the charge flowing through the resistance during a time interval At = 1ps

{b) amount of heat generated in the resistance during the same interval.

WMCCUNEEEN  The radii of a spherical capacitor electrodes are equal to a and b (a< b). The space
between them is filled with a dielectric of dielectric constant K and resistivity p. Initially at time ¢ = 0, the
inner electrode gets a charge qy. Find

(a) time dependence of charge on the inner electrode
(b) the amount of heat generated during the spreading of charge.

5]
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pYPSEYR  In the circuit shown in figure S; and S; are simultanem_xsly c}cz)sed at time t = (. Power
dipated in the resistor R, is 0.2 watt and the initial current through R, is107“ A.
i

(a) Find R, and R, . .
(b) When capacitor gets fully charged switch S, is ope

is 074 mA. Find the value of C. . .
I/ii tl;is moment switch S, is opened and S, is closed simultaneously. Find the instantaneous

charge on the capacitor after 't seconds. o )
P  Two positive charges g; and g5 are located at the points with radius vectors r; an

? . s A o
:) Find a negative charges g and a radius vector r3 of the point at which it has to be placed for the forc
2 -

acting on each of the three charges to be equal to zero.

ned. Itis observed after 5 sthat the currentin

) ‘E" xi +yj
3 i ion i enas £ =
Problem 456. The electric field strength in a region is giv N yz

inside a sphere of radius ‘@’ with its centre at origin.

. Find the net charge

PSIEEAl  The electric potential in a certain region of space depends only on the x co-ordinate as
3
: =—ox” +f

where o and P are constants. Find the volume distribution of space charge p(x).

—% . -
PPSNPSEPTYE A point electric dipole with a moment P is placed in the external uniform electric
r .

field E) with ;I | I:Z—:, In this case one of the equipotential surfaces enclosing the dipole forms a sphere.
0 .

Find the radius of this sphere.

PSETEEEN  The given C-R circuit has two switches S and S,. )
Switch S, is closed and S, is opened till capacitor is fully charged to qq.

Then S, is opened and S, is closed simultanfaously till charge o.n clapacc:iltt?lli 7
remains go/2. It takes time t;. Now S is again opened. and S, is close
charge on capacitor becomes 3gg/4. 1t takes time t,. Find the ratio t;/t;.

2R

S2



Pl  Figure shows a network of

points are given. Find :

LGV
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24Q

(a) the potentials of points M and N : .
(b) the charge stored in both the capacitors in steady state.

Three charged capacitors C;, C, and C3 of . +f1b ‘ +f21_
capacitances 3uF, 6uF and 6 uF respectively and having charge [ 11 , 11

30uC each are connected with a resistor of resistance R =100 s
through a switch S as shown. The switch S is closed at time t=0. 2 R=10Q f\
Find :

(a). the initial current in the circuit »
(b) the final charge deposited on the capacitors . .
(c) heat dissipated in the resistor.

Consider the circuit shown in the figure :
(a) Find the current i flowing through the circuit when the key is
open. A .
(b) Find the net charge on the capacitor when K is open and also
when K is closed.

(c) What is the change in the current i, when K is closed? -

55v
charged to

_ Two concentric conducting spherical shells of radii a; and a, (a; > a;) are
potentials V; and V, respectively. Find the charge on the inner shell.

Two concentric rings placed in a gravity free region in yz plane one of radius R carries
a charge + Qand second of radius 4R and charge -8Q distributed uniformly over it. Find the minimum
velocity with which a point charge of mass m and charge ~q should be projected from a point at a
distance 3R from the centre of ring on its axis so that it will reach to the centre of the rings.

Problems in Physics%

pacitors and resistances. Potentials of some of the:
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Problem; PYIM In the circuit diagram shown in figure, the

capacitor of capacitance C is uncharged when the k'ey k is open. 0
The key is closed for time during which the capacitor b-ecomes i " iy k
charged to a voltage V. Determine the amount of ?eat Q; liberated ><
during this time in the resistor of resistance R, if the emf of the
source is E, and its internal resistance can be neglected.

i1
¥
m

— i in two along a plane whose minimum distance
MM A metal sphere, of radius K and cut in : i

sphere’s centre is h, is uniformly charged by a total electric charge Q. What force is necessary to
hold the two parts of the sphere together?

ey

A small positively charged ball of mass m s suspended by a.n
insulating thread of negligible mass. Another positively c‘he'lrged sr.n‘all ball is
moved very slowly from a large distance until it is in the original position of?the
first ball. As a result, the first ball rises by h. How much work has been done?

ItT JEE PROBLEMS ===

e o ; i d S, carrying surface charge’
JTT} There are two large parallel metallic plates S, and S, 0 e
62 respectively (G, >0 ) placed at a distance d a_parftr in vascu;m. Fmdsm;‘zg;k:ﬁzg ;
by the electric field in moving a point charge g a distance af.aé d) from S, towards 2 JEE 2004)

making an angle /4 with the normal to the plates.

;;. ‘Bight point clarges are place_e‘d‘atfhe comers of a -
cu‘of edge a as shown in figure. Find the work done in disassembling
this system of charges. = ' (JEE 2003)

' A positive point charge q is fixed at origin. A dipole with a dipole momet 3 15
placed along'tiie x-axis far away {rom the origin with P pointing alqng pOSlthG x-a:us Fm§= e
(a) the kinetic energy of the dipole wher it reaches a distance d from_rﬂge-qr;gln,_ anc.ll zt-:zoos)
(b) the force experienced by the charge qat this moment.” R R EE 2003).

A small ball of mass 2x 1073 kg having a charge ofl [.LC!S ﬂs!uSPentiequyasu‘lnx "
th 0.8m. Another identical ball having the same charge is kept at-the poin of suspens
};:nge ::nm(:merum horizontal velocity which should be imparted to tl_)grlower-banso thatit

make complete revolution. Take g =10 m/s?. (JEE 2001)
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O R-yy® Four point charges +8uC, — 1uC, —1puC and +8uC are fixed at the points"%f
-+27/2m -+/3/2m, ++/3/2m and ++/27/2m respectively on the Y-axis. A particle of mass;i»

1

6x10™* kg and charge + 0.1 uC moves along the — X direction. Its speed at x =+ o is v,. Find the!

least value of v, for which the particle will cross the origin. Find also the kinetic energy of the particléi;;
at the origin. Assume that space is gravity free. 1/4ne, = 9 x 10° Nm2/C2. (JEE 2000).

fen t8 Anon-conducting disc of radius a and uniform positive surface charge density o 1s

placed on the ground with its axis vertical. A particle of mass m and positive charge q is dropped,:

along the axis of the disc from a height H with zero initial velocity. The particle has ¢/m = 4eg/c.
(a) Find the value of H if the particle just reaches the disc.

(b) Sketch the potential energy of the particle as a function of its height and find its equilibrium

position. (JEE 1999)

EelCUOYZN A conducting sphere S, of radius r is attached to an insulating handle. Another
conducting sphere S, of radius R is mounted on an insulating stand, S » Is initially uncharged. S, is
given a charge Q brought into contact with S, and removed. S, is recharged such that the charge on it
is again Q and it is again brought into contact with S, and removed. This procedure is repeated n
times.

(a) Find the electrostatic energy of S, after n such contacts with S,

(b) What is the limiting value of this energy as n — o ? (JEE 1998)
eal: In the circuit shown in figure, the Loy Ay 'V\?V\,
battery is an ideal one with emf V. The capacitor is initially S

uncharged. The switch § is closed at time t = 0. L 1
(a) Find the charge Q on the capacitor at time ¢. - Vv § R CT
(b) Find the current in AB at time t. What is its limiting

value ast — oo ? (JEE 1998)
R
AN  Two capacitors A and B with capacities 3 uF and 2F
2UF are charged to a potential difference of 100 V and 180 V —
respectively. The plates of the capacitors are connected as shown in C
the figure with one wire of each capacitor frez. The upper plate of A +_I_ _l__
is positive and that of B is negative. An uncharged 2 uF capacitor C AT SHF BZ“F
with lead wires falls on the free ends to complete the circuit. T T
Calculate :

(i) the final charge on the three capacitors, and
(ii) the amount of electrostatic energy stored in the system before and after completion of the
circuit. - (JEE 1997)
A leaky parallel plate capacitor is filled completely with a material having
dielectric constant K = 5 and ‘electrical conductivity 6 =7.4x 102 Q"'m™. If the charge on the
capacitor at the instantt = Qs g = 8.85C, then calculate the leakage current at the instantt = 12s.
‘ (JEE 1997, Cancelled)

Problem 478.
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(a) The capacitance of a parallel plate A
capacitor with plate area A and separation d, is C. The
space between the plates is filled with two wedges of
dielectric constants K, and K, respectively (fig.). Find
the capacitance of the resulting capacitor. _

() Two isolated metallic solid spheres of radii R and 2R
are charged such that both of these have same charge
density 6. The spheres are located far away from each ¥
other and connected by a thin conducting wire. Find
the new charge density on the bigger sphere. (JEE 1996)

Two square metal plates of side 1 m are kept 0.01 m apart like a parallel p}ate
capacitor in air in such a way that one of their edges is perpendicular to an oil surface in a tank filled
with an insulating oil. The plates are connected to a battery of emf 500 V. The plates are then lowefed
vertically into the oil at a speed of 0.001 ms~!. Calculate the current drawn from the battery during

the process. (Dielectric constant of oil =11,€5 =8.85X 1072 C*N"'m™) (JEE 1994)

K.

Ky

? .
d

i the same separation
FI Ul (a) Two parallel plate capacitors A and B have > 0
d=8885x10- 4 m between the plates. The plate areas of A and B are 0.04m” and 0.02m

respectively. A slab of dielectric constant (relative
permittivity) K =9 has dimensions such that it can
exactly fill the space between the plates of capacitor B.
(i) The dielectric slab is placed inside A as
shown in figure (a). A is then charged to a
potential difference of 110 V. Calculate the
capacitance of A and the energy stored in it. (a) (b) (©
(ii) The battery is disconnected and then the o .
dielectric slab is removed from A. Find the work done by the external agency in removing
the slab from A. A .
(iif) The same dielectric slab is now placed inside B, filling it completely. The two capacitors A
and B are then connected as shown in figure (c). Calculate the energy stored in th.e system.
(b) A circular ring of radius R with uniform positive charge density A per unit len_gfch is located in
the Y-Z plane with its centre at the origin O. A particle of mass m and positive charge q is

projected from the point P (R+/3, 0, 0) on the positive X-axis directly towards O, with an
initial speed v. Find the smallest (non-zero) value of the speed v such that the particle doc:.s
not return to P. (JEE 1993)

(a) A charge Q is uniformly distributed over a spherical volume of radius R. Obtain
an expression for the energy of the system. .
(b) What will be the corresponding expression for the energy needed_ to compleFely disassemble
the planet earth against the gravitational pull amongst its constituent Qartlcles ? '
Assume the earth to be a sphere of uniform mass density. Ca%ﬁulate this energy, given the
product of the mass and the radius of the earth to be 2.5x 10" kg-m.

(¢) If the same charge of Q as in part (a) above is given to a sphericz;l conductor of the same
radius R, what will be the energy of the system ? Take g =10m/s (JEE 1992)




AEVIEUILCEN A particle of mass m having a charge q enters into a
circular region of radius R with velocity v directed towards the centre. The
strength of magnetic field is B. Find the deviation in the path of the particle.

Aring of mass mand radiusr carrying current I is lyingin
the X-y plane thh centre at the origin. A uniform magnetic field of strength -+ -
30(2: 3j + 5k) Tis applied in the region. If the ring can rotate about the axis
AA’ in x-y plane only, find :

(a) initial angular acceleration.

(b) the initial magnetic energy stored in the ring.

(c) the force on the loop.

ORISR A particle of specific charge o (charge per unit mass) is released at time t = 0 from

- . -

origin with an initial velocity of v =uv,i in a uniform magnetic field B = - B, k. Find the velocity and
position of particle at any time t.

CLICINEEN A positively charged particle having charge q; =1 Cand mass m, =40gis revolving
along a circle of radius R = 40 cm with speed v; = 5m/s in a uniform magnetic field with centre of circle
at origin. At time ¢ = 0, the particle is at (0, 04 m, 0) and velocity is directed along positive x-direction.

Another particle having charge g, =1 C and mass m, = 10g moving uniformly parallel to z-direction
with velocity v, =40m/s collides with revolving particle at t=0 and gets stuck to it. Neglecting

gravitational force and coulomb force calculate x, y and z co-ordinates of the combined particle att = Zn-o
second. '
LN A particle with specific charge o (charge per unit mass) moves in the region of space

where mutually perpendlcular electric field E Eyj j and magnetic field B Bk are present. Attimet =0
particle is located at origin with zero initial velocity. Find x and y co-ordinates of particle at any time ¢.
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problent FYYA A hypothetical magnetic field existing in a region is given by B BO e,, where e,
denotes the unit vector along the radial directicn. A circular loop of radius' a carrying acurrent i, 1s‘placed
with its plane parallel to the x-y plane and the centre at (0,0, d). Find the magnitude of the magnetic force

acting on the loop.

carries a current i
(a) Find the magnetic field B at the centre of the polygon.
(b) By letting n — oo, deduce the expression for the magnetic field at the centre of a circular coil.

A regular polygon of n side is formed by bending a wire of total length 27r which

Figure shows a circular wire loop of radius a carnrying a «
current i, placed in a perpendicular magnetic field B
(a) consider a small part dl of the wire, find the force on this part of the «
wire exerted by the magnetic field.
(b) find the force of compression in the wire ,
(c) suppose that the radius of cross-section of the wire used isr. Find the
increase in the radius of the loop if the magnetic field is switched off.
The Young's modulus of the material of the wire is Y. x

In the configuration shown in figure wires 1 and Z are @
infmtely long and carry currents i; and i, in a direction perpendicular to
plane of paper and inwards. Wire 3 of length[ carries a current i3 from leftfo
right. Find the net magnetic force on wire 3. o h

A rod of mass 072 kg and radius 6 cm rests on two
parallel rails, that are d =12 cm apart and L = 45cm long. The rod
carries a current i = 48°A (in the direction shown) and rolls along the
rails without slipping. If it starts from rest, what is the speed of the rod !
as it leaves the rails if a uniform magnetic field of magnitude 0.24 T is ‘ _}
directed perpendicular to the rod and the rails.

MO UMY  Magnetic field B = — Byxk exists in a region of space. A particle of specific charge
- $
(charge per unit mass) enters this region of space. lts velocity and position at time t = 0,are v =vqi and

(0, 0, 0). Find the maximum x-displacement of the particle.

—9 -~
ATUILCEN  Electric field and magnetic field in a region of space are given by and E =Ej and

-9 . . . .
B= Bof. A particle of specific charge o (charge per unit mass) is released from origin with velocity

% ~
v =vgi. Determine
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(a) the path of the particle

(b) wvelocity of particle at any time ¢

(c) position of particle at time ¢

(d) the y coordinate of particle when it crosses the y-axis for then™ time and
(e) angle ¢ between particle’s velocity and y-axis at that moment

(ORI A long cylindrical conductor of radius a has two
cylindrical cavities of diameter a through its entire length as shown in r
cross-section in figure. A current ! is directed out of the page and is uniform
throughout the cross-section of the conductor. Find the magnitude and
direction of the magnetic field in terms of Hg.l,randa.

(a) at point P; and

(b) at point P,

f e

S Sl —z== [IT JEE PROBLEMS ==

R CUMEREN A proton and an alpha particle, after being accelerated through same potential
difference, enter a uniform magnetic field the direction of which is perpendicular to their velocities.
Find the ratio of radii of the circular paths of the two particles. - (JEE 2004)

A ring of radius R having uniformly distributed
charge Q is mounted on a rod suspended by two identical strings. The
tension in strings in equilibrium is T,. Now a vertical magnetic field is
switched on and ring is rotated at constant angular velocity . Find
the maximum  with which the ring can be rotated if the strings can

withstand a maximum tension of —29-

(JEE 2003)

A rectangular loop PQRS made from a uniform wire "z

has length a, width b and mass m. It is free to rotate about the arm PQ,

which remains hinged along a horizontal line taken as the y-axis (see

figure). Take the vertically upward direction as the z-axis. A uniform

magnetic field B = (3 + 4%) B, exists in the region. The loop is held in the P,y

x-y plane and a current I is passed through it. The loop is now released

and is found to stay in the horizontal position in equilibrium. 8
(a) What is the direction of the current I in PQ?
(b) Find the magnetic force on the arm RS.
(¢) Find the expression for I in terms of By, a,band m. (JEE 2002)

f broblem 498.

Problems 95

A current of 10 A flows around a closed path in a

-§ircuit which is in the horizontal plane as shown in the figure. The circuit D
‘tonsists of eight alternating arcs of radii r, = 0.08 mand r, = 0.12 m. Each c

subtends the same angle at the centre. o
. (a) Find the magnetic field produced by this circuit at the centre. '
(b) An infinitely long straight wire carrying a current of 19 Ais

passing through the centre of the above circuit vertically with the
direction of the current being into the plane of the circuit. What
is the force acting on the wire at the centre due to the current in
the circuit ? What is the force acting on the arc AC and the
straight segment CD due to the current at the centre ? (JEE 2001)

A circular loop of radius R is bent along a diameter and given a shape as shown in
figure. One of the semicircles (KNM) lies in the X-Z plane and the other one (KLM) in the Y-Z plane

with their centres at origin. Current [ is flowing through each of the semicircles as shown in figure.

- .
(a) A particle of charge q is released at the origin with a velocity v =-vi. Find the

_) . .
instantaneous force F on the particle. Assume that space is gravity free. R .
(b) If an external uniform magnetic field B, ] is applied, determine the force F, and F, on the

._.9
semicircles KLM and KNM due to the field and the net force F on the loop.  (JEE 2000)

Problem U8 The region between x =0and x =L is filled with unifom} steady magnetic ﬁfeld
By k. A particle of mass m, positive charge q and velocity v travels along x-axis and enters the region
of the magnetic field. ot o
vity throughout the ques
I(‘;e)glgztutlh tigr:alzz of L 1% the parti::lle emerges from the region of magnetic field with its final
velocity at an angle 30° to its initial velocity. . ‘
(b) Find the final velocity of the particle and the time spent by it in the magnetic field, if the

magnetic field now expands upto 2.1 L. (JEE 1999)
AU GUNELIN A particle of mass m and charge g is moving in a region where uniform, constant
- - -~ -

electric and magnetic fields E and B are present. E and B are parallel to each other. At time t =0,

- - ‘ _
the velocity v, of the particle is perpendicular to E (Assume that its speed is always << c, the speed of
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-

light in vacuum). Find the velocity v of the particle at time t. You must express your answer in te

- - -

of t, g, m, the vectors vy, E and B and their magmtudes vy, E and B.

Problem: 502.
X - Y plane. PQRS is a ngxd square wire frame carrymg a steady current I 0 with 1ts centre at

origin O. At timet = 0, the frame is at rest in the position shown in the figure with its sides parallel to X
and Y axes. Each side of the frame is of mass M and length L.

vl
1/
ViV
S/

s
/
%
;7

—
(a) What is the torque 7 about O acting on the frame due to the magnetic field ?
(b) Find the angle by which the frame rotates under the action of this torque in a short mterval
of time At, and the axis about which this rotation occurs (At is so short that any variation in;
the torque during this mterval may be neglected). Given : the moment of i merna of the frame.:3i
about an axis through its centre perpendmular to its plane is — 4 ML2 ”
3 (JEE 1998)
Three mﬁrutely long thm wires, each carrymg currenti in the same dn'ecnon, are
in the XY plane of a gravity free space. The central wire is along the y-axis while the other two ane
along x=+%d.
(i) Find the locus of the points for which the magnetic field B is zero. :
(ii) If the central wire is displaced along the z-direction by a small amount and released, show’
that it will execute simple harmonic motion. If the linear density of the wires is A, find the
frequency of oscillation. (JEE 1997):

An infinitesimally small bar magnet of dipole moment M pointing and moving
with the speed v in the X-direction. A small closed circular conducting loop of radius a and negligible
self-inductance lies in the Y-Z plane with its centre at x = 0, and its axis coinciding with the X-axis.
Find the force opposing the motion of the magnet, if the resistance of the loop is R, Assume that the
distance x of the magnet from the centre of the loop is much greater than a. (JEE 1997, Cancelled)

S e e St e g A
hfﬂfv‘“ﬁ'ﬁdd“a-’%—v&-‘d‘ v YRR < A S o el s 2 sk vkt i

P8 I

Problems 97

roblem EWEM An electron in the ground state of hydrogen atom is

1vmgmant1clockw15e direction in a circular orbit of radius R (figure).

‘ (i Obtain an express10n for the orbital magnetic moment of the 0
electron. Tooe g

=
o]

"(if) The atom is placed ina umform magneuc induction B such that the
plane normal of the electron orbit makes an angle of 30° with the
magnetic induction. Find the torque expenenced by the orbiting
electron. (JEE 1996)

Along honzontal wire AB, which is free to move in a
verncal plane and carries a steady current of 20 A, is in equilibrium at a
‘height of 0.01 m over anbther- pai'allel hngwire cD which isfixedina

A B

c D
s e
- s
avel cu e Q BILHIE. B
f_potSwhereGS 0.1m,andthe" ¢ angle of 60° with the )
ix-ansasshownmﬂgure Aumformmagneticﬁeld B paralleltoGS exists in 5 | A 60°

~ theregxon outsxde the electron gun. .Find the mxmmum value of Bneeded to

the electro h1tS (
make e electrons (JEE 1993)

A straight segment oc (of length L) of a circuit carrymg a current i is placed along
the X-axis as shown in figure. Two infinitely long straight wires A and B, each extending from z = — o
t0 + oo, are fixed at y.= - aand y =+ a respectively, as shown in the figure. If the wires A and B each
carry a currenti into the plane of the paper, obtain the expression for the force acting on the segment

OC. What will be force on OC if the current in the wire B is reversed ? (JEE 1992)
' Y
L,
0 tl C »x
®A
z




13 ELECTROMAGNET

AT IEISN  In circuit power factor of box is given 0.5 and power
factor of circuit is given +/3/2. Current leading the voltage. Find the
effective resistance of the box.

An inductor of inductance L =400 mH and
three resistors of resistances R;=4Q and R, =2Q are
connected to a battery of e.m.f E =10V as shown in the figure.
The internal resistance of the battery is negligible. The switch Sis
closed at time t=0. What is the potential drop across L as a
function of time? After the steady state is reached, the switch is

opened. What is the direction and magnitude of current through
inductor as a function of time?

In the figure shown the reading of voltmeters
arel} =40V, V, =40V and V; =10V.
Find :
(a) the peak value of current.
(b) the peak value of emf.
(c) the value of L and C.

O/
E = Egsin (100 2t +]
xs
HOUUIEEPE  In the network shown, switch S is closed at t=0, a Ro
steady state current having previously been attained. Find the current in the "

circuit at time ¢,

<||

where @ = 100%t s™1. The switch s is closed at time t = 0, and remains closed for 14 minutes, then it

CLICIUIEVER  In the circuit shown in the figure R = 50 Q,E; = 253 voltand E, = 25+/6 sin u)tvrq
opened.

99
problems
Prob’®>

(a) Find the amount of heat produced in the resistor. ~~ ———~www A

(b) Iftotal heat produced is used to raise the temperature of 3 kg of
water at 20°C, what would be the final temperature of water?

(c) Find the value of the direct current that will produce same
amount of heat in the resistor in same time as combination of

I o~ /.
DC source and AC source has produced. |El %E; f
Specific heat of water = 4200 J/kg-° C. 1 2
SOSSPIEEE A circuit element shown in the figure as a box is G
having either a capacitor or, an inductor. The power factor of above —>
circuit is 0.8, while current lags behind the voltage. Find : v, = 100V
(a) the source voltage V. A 1A
(b) the nature of the element in box and find its value.
AN ~
R=80Q V, 50 Hz
PYIETIEEEN  Initially the capacitor is charged to a potential of 1000 4 2

5V and then connected to position 1 with the shown polar‘i'fy for 1
secord. After 1 sec it is connected across the inductor at position 2.

=

. . z

(a) Find the potential across the capacitor after 1 second of its -
connection to position 1. P

(b) Find the maximum current flowing in the LC circuit when
capacitor is connected across the inductor. Also find the
frequency of LC oscillations.

A metal rod of mass m can slide without friction
along two parallel metal guides inclined at an angle o to the
horizontal and separated by a distance b. The guides are connected
at the bottom through an uncharged capacitor of capacitance C,
and the entire system is placed in an upward magnetic field of ;

% .
induction B. Attime t = 0, the rod is at a distance/ from the bottom.

(@) find the time when the rod reaches the bottom and
(b) wvelocity of rod at that moment.

IPTIIEERA A square loop of side ‘I’ containing a resistance R, and a
capacitance C is placed near an infinitely long current carrying wire as shown R .
in figure. The current in the wire varies with time as A
i=|0 |t
to
. . ———>je—>]
{a) find the charge stored in the capacitor at any time t. T - |

(b) find the ratio of heat geneated in the resistor and the energy stored in
the capacitor as a function of time t.
(c) if the breakdown potential of capacitor is Vn, find the time taken for breakdown to take place.
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CIGUEPX N A conducting rod of zero resistance slides on a smooth
wire of resistance per unit length p, bent at an angle § = 60°as shown in figure.

ﬁ
Find the force F to be applied on the rod as a function of x to make it move
—)
with constant velocity v .

MCLICUMEREN A 5 henry inductor is placed in series with a 10 ohm resistor. An emf of 5 volty
suddenly applied to the combination. Using these values prove the principle of conservation of en
for time equal to the time constant.

MOINCUEEYA A metallic rod AC of mass 1 kg can slide freely on two = x x

xB

vertical conducting poles separated by a distance of 10 m. A uniform magnetic .
field B = 0.5 Tis present perpendicular to poles inwards. Resistance of the rod A . . E
between the poles is 5 ohm and a constant emf E = 20 V is applied as shown in
figure. The rod is released from rest. Find the speed of the rod as a function of
time t. (g =10 m/s?) 1 “emav "

x x I : x x

>

10m
i JEUNEYAW A conducting rod PQ of mass m is placed over two conducting rails separated by

_9
distance /. A uniform magnetic field B perpendicular to the plane of the rails is switched on and the rod s
dra3ged by a constant force F. Terminals of the rails are connected across a resistance R and a capacito

C as shown in figure. Find the speed of the rod at any time ¢. Neglect friction everywhere and resistance
other than R.

P
B
R ® ——cC
< R
F
—
Q

A non conducting ring of mass ‘m’ and radius ‘R’ has a charge Q uniformyy

distributed over its circumference. The ring is placed on a rou%h horizontal surface such that plane of the

ring is parallel to the surface. A vertical magnetic field B = Byt* tesla is switched on. After 2 second from

switching on the magnetic field the ring is just about to rotate about vertical axis through its centre.
(a) Find friction coefficient ‘p’ between the ring and the surface.

(b) If magnetic field is switched off after 4 second, then find the angle rotated by the ring before

coming to stop after switching off the magnetic field.

A 1.00 mH inductor and a 1.00 pF capacitor are connected in series. The current in
the circuit is described by i = 20t, where t is in second and i is in ampere. The capacitor initially has no
charge. Determine, '
(a) the voltage across the inductor as a function of time.
(b) the voltage across the capacitor as a function of time.

blems
Prob®err™ _

conducting rod MN of mass m is free to slide along the rails without
friction. There is a uniform magnetic field of induction B normal to the ~

(c) the time when the energy stored in the capacitor first exceeds that in the inductor.

101

problem 524. EEMAERI: parallel horizontal rails, a distance I apart and each having a resistance A

unit length are joined at one end by a resistance R. A perfectly .

M X

X-B. x

of paper and directed into the paper. A variable force F is R
ed to the rod MN such that, as the rod moves, a constant current i

x
x

flows through R.

(a) Find the velocity of rod and the applied force F as functionof

distance x of the rod from R and >

(b) What fraction of work per second by F is converted into
] heat.

U4l A conducting rod AC of mass m free to rotate in a

horizontal plane about one end A over a semicircular conducting ring of

radius ‘a’ is joined with an external resistance R as shown in figure. The
resistance of the rod isr. The rod is given an initial angular velocity wg. A
uniform magnetic field of magnitude B exists perpendicular to the plane
of semicircular loop. Find the current in the circuit at angle 6.

TGy Switch S is closed in the circuit at time t = 0. Find

the current through capacitor and inductor at any time ¢.

A small conducting loop of mass m, radius r and
resistance R is released from rest along a smooth inclined plane such
that the plane of the loop is perpendicular to a magnetic field which
varies along x-axis as B = By (1 + ax). Here B and a are constants. Find
the speed of the ring at time £.

A small conducting loop of radius a and resistance ris i |
pulled with velocity v perpendicular to a long straight conductor canying a
current . If a constant power P is dissipated in the loop, find the variation

of velocity of the loop as a function of x. Given that x>>a.

’ o
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A rectangular loop is moved through a region in “4 ozm 3
which the magnetic field is given by B, =B, =0,B, =(6-y) T. Find the
emf in the loop as a function of time, if at t = 0, the loop starts moving :
from the position shown in the figure, osm .
(a) at constant velocity v = 6.5 my/s.
(b) at constant acceleration of 2 m/s? from state of rest.

X

LI EGIEETN  As shown in the figure a square shaped conducting loop having side length a and

. loa . . . . =
resistance R=I'L°2—0 is moving away with a velocity v=5x [/~
.4

(x = separation between conductor and side AB of the loop at any 4

instant) from an infinitely long current carrying conductor in which a B ¢
time dependent current I =1t is flowing. At t = O the side AB is at a < V= 5x
distance x = i% from the conductor. Find the current in the loop when &

A<—a—>»D

the side AB is at a distance 10a from the conductor. (Given:
In100=4.605and In 1.1= 0.095)

The switch s of the adjacent network is closed at t=0

time t=0. The connector of mass m, length | and resistance R can

smoothly slide along the two fixed parallel rails. The capacitor is initially

uncharged and a uniform magnetic field B exists in the region directed E

into the plane of the paper. Find : !
(a) the charge on the capacitor after a long time. 4
(b) the speed of the connector after a long time.

Two long rails are horizontal parallel to each other. On one end, the rails are
connected by a resistance R and on the other end a capacitor of capacitance C is connected. A connector
of mass m and length I can slide on the rails without friction. Vertical component of earth’s magnetic
induction is B (downwards). A constant horizontal force F starts acting on the connector horizontally.
(a) Calculate steady state velocity of the connector and steady charge on capacitor.
(b) Ifatt=0, the connector was at rest, calculate its velocity as a function on time ¢

MCLICTUIEEEN A pair of parallel horizontal conducting rails of negligible

AB
resistance is shorted at one end of it and is fixed on the table as shown in the
figure. A constant magnetic field B exists perpendicular to the table. The
distance between the rails is I. An inductor of negligible resistance and mass m !
can slide on the rails frictionlessly. The inductor is connected to the massmby a
light inextensible string passing over a light frictionless pulley as shown. “ D U

1
X
Wl
P

Calculate velocity of the rod as a function of displacement from initial position.

103
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oblem 534. NS infinitely long parallel wires, having resistance per unit length A are connected
shown in the figure. A slide wire of negligible resistance and T

; ‘m’ and length ‘I’ can slide between the parallel wires,
m:ﬁg:;s frictional ressi}st:;nce. If the system of wires is introduced
to a magnetic field of intensity ‘ B’ {directed into f(he p.lane of papgr)
and the slide wire is pulled with a force which varies with tl:ua ve!ocnty l
of the slide wire as F = FyV, then find the velocity of The -Sllfi?t wire as
a function of the distance x travelled. (The slide wire is initially at (0, 0)

origin and has a velocity v,)

UG UBEEEE A homogeneous field of magnetic induction Bis
ndicular to a track of gauge ! which is inclined at an angle o to

the horizontal. A frictionless conducting rod of mass m straddles the
swo rails of the track as shown in the figure. .

How does the rod move, after being released from rest, if the
circuit formed by the rod and the track is closed by :

(i) a resistor of resistance R,

(i) a capacitor of capacitance C, or

(iii) a coil of inductance L?

One end of a horizontal track of gauge | and negligible resistance, is connected to a

capacitor of capacitance C charged to voltage VO'. The inductance of . X 1 X X X z 5 z

the assembly is negligible. The system is placed in a homogeneous, S xflx _x_x x_x.. ..

vertical magnetic field of induction B, as shown in the figure. ‘ f ol xoxox x T
A frictionless conducting rod of mass m and resistance ‘R is placed R

perpendicularly onto the track. The polarity of the cap§c1to_r is such jC _______

that the rod is repelled from the capacitor when the switch is turned Vo xdx x x i X

over.
(i) What is the maximum velocity of therod ? _ , -~
(i) Under what conditions is the efficiency of this ‘electromagnetic gun’ maximal:

A long solenoid contains another coaxial solenoid
(whose radius R is half of its own). Their coils have the same nurr}ber of
turns per unit length and initially both carry no current. At the same instant
currents start increasing linearly with time in both solenoids. At any
moment the current flowing in the inner coil is twice as large as that in the
outer one and their directions are the same. As a result of the increasing
currents a charged particle, initially at rest between the solenoids, starts
moving along a circular trajectory (see figure). What is the radius r of the
circle?

A thin superconducting (zero resistance) ring is held above a vertical, cylindrical
magnetic rod, as shown in the figure. The axis of symmetry of the ring is the same‘to that (?f the rod.;l;hhe
cylindrically symmetrical magnetic field around the ring can be described approximately in terms oh e
vertical and radial components of the magnetic field vector as B, = {30 (1--az) .and B, =By B.r, \ln ere
B,, o and P are constants and z and r are the vertical and radial position co-ordinates, respectively.

! ——>F=FOV

JATELERRTRARNAA
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WIEZIN  In an LR series circuit, a sinusoidal voltage VA
sinat is applied. It is- given that L=35mH, R=11Q,

V, 2 =50 Hz and =22, Find the amplitude of

‘in.the steady state an

pitanib s s ioer: O e R\ s T
g the current and the voltage. Also plot the variation of
for one cycleon the given graph. - - (JEE 2004) z

Two infinitely long parallel wires carrying current I =I, sinwt in opposite
directions are placed a distance 3a apart. A square loop of side a of negligible resistance with a

il Initi.ally, the ring has no current flowing in it. When released, it starts to move downwards with its axis ;
vertical. From the data below, determine how the ring moves subsequently? What current flows in

thering? - capacitor of capacitance C is placed in the plane of wires as shown. Find the maximum current in the
Properties of the ring: square loop. Also sketch the graph showing the variation of charge on the upper plate of the capacitor
’ maés m=350mg as a function of time for one complete cycle taking anticlockwise direction for the current in the loop
ra;ilus ro=0.5cm as positive. ' : (JEE 2003)
inductance = -8
Initial co-ordinates of the centre of the ring: Iz_= (1)'3 x107H ans ‘
Magnetic field constants: Br : 8 01T
0=2m M 0
= -1
| B=32m L -
A—a-—H » Kib
: , e ——t—>t
Int JEE P ROBLEMS ==== Of /4 Ti2 3Ti4 T _ 3a R
In the circuit shown A and B are two cell Y arent 3 : ; ' ’
— « : s of different i v o
resistancesr; andr, (1 > r, ) respectively. Find the value oersUchtsha:tl:heen;fbfe:S;l dlffe:;fclen ternal A metal bar AB can slide on two parallel thick
the terminals of cell A is zero a long time after the key K is closed. ¢ JEE;corg:; metallic rails. separated by a distance L A resistance R and an
: ' RSEER inductance L are connected to the rails as shown in the figure. A long A
R S straight wire carrying a constant current I, is placed in the plane of the | . R |
R o rails and perpendicular to them as shown. The bar ABis held at restata _ I
o L o R distance x, from the long wire. Att = 0, it is made to slide on the rails L
' . [ﬂ_ﬁ__'E r . M:[j ’ I away from the wire. Answer the following questions. Y
. SR . . di . do i e e »i B
A B c o _ (a) Find a relation amongi, — and —, wherei is the current in the i
L O : ; _ ongt i e . | %
S circuit and ¢ is the flux of the magnetic field due to the long"
/ : ' wire through the circuit. i -
e (b) Itis observed that at time ¢ =T, the metal bar AB is at a distance of 2x, from the long wire
— o e and the resistance R carries a current i;. Obtain an expression for the net charge that has
K : S S flown through resistance R fromt =0tot =T. _ , y
) (¢) The bar is suddenly stopped at time T. The current through resistance R is found to be % at

time 2T. Find the value of L/R in terms of the other given quantities. (JEE 2002)
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_An inductor of inductance L = 400 mH and resistors .
of reistances R, = 2Q and R, = 2 Q are connected to a battery of e.m.f. —-l—
E =12V as shown in the figure. The internal resistance of the battery is : R L
negligible. The switch S is closed at time t = 0. SI é

What is the potential drop across L as a function of time ? After the T Re
steady state is reached, the switch is opened. What is the direction and'
the magmtude of current through R, as a function of time ? . ' (JEE 2001)
A thermocole vessel contains 0.5 kg of distilled water at 30° C.A 1 coil of
5x107° m*, number of turns 100, mass 0.06 kg and resistance 1.6 Q is lyincg: ﬁ:iit:rllt(zll;oaftagz
bottom of the vessel. A uniform time varying magnetic field is set up to pass vertically through the coil
at time t = 0. The field is first increased from zero to 0.8 T at a constant rate between 0 and 0.2 s and
then decreased to zero at the same rate between 0.2 and 0.4 s. The cycle is repeated 12000 times.
Make sketches of the current through the coil and the power dissipated in the coil as a function of
time for the first two cycles. Clearly indicate the magnitudes of the quantities on the axes. Assume
that no heat is lost to the vessel or the surroundings. Determine the final temperature of the water
under thermal equilibrium. Specific heat of metal = 500J/kg-K and the specific heat of water = 4200
J/kg-K. Neglect the inductance of ccil. (JEE 2000)

UG ELER A magnetic field B = (B,y/a) kis acting into the paper in
the +Z direction. By and a are positive constens. A square loop EFGH of ©

side @, mass m and resistance R in X-Y plane starts falling under the
influence of gravity. Note the directions of X and Y in the figure. Find :
(a) the induced current in the loop and indicate its direction
(b) the total Lorentz force acting on the loop and indicate its direction
(¢) an expression for the speed of the loop v, and its terminal v H
velocity. (JEE'1999) Y ®

1 An inductor of inductance 2.0 mH is connected across a ch:

arged capacitor of
cﬁpaCItance 5.0uF a(nhd the resulting LC circuit is set oscillating at its natural frequengcy Letp Q denote
the instantaneous charge on the capacitor and i the current m the
e e valus 570 15 SOONC. cn'cmt It‘ is found that the

() When Q =100uC, what is the value of g— ?
t

(b) When Q =200uC, what is the value of i ?
(c) Find the maximum value ofi. '
(d) Wheni is equal to one-half its maximum value, what is the va.lue of|Q|? (JEE 1998)

MO CURELYS A pair of parallel horizontal conducting rails of negli ible res -
one end is fixed on a table. The distance between the rails isL. A conducfmi1 ¢ ree "ance shorted ac

massless rod of resistance R can slide on the rails frictionlessly. The rod is -
tied to a massless string which passes over a pulley fixed to the edge of the
table. A mass m tied to the other end of the string hangs vertically. A
constant magnetic field B exists perpendicular to the table. If the system is
released from rest, Calculate :

6] $e termlinal velocity achieved by the rod, and

(ii) the acceleration of the mass at the instan i

rod is half the terminal velocity. Fwhen the velociy of the

(JEE 1997)

107

problems
FITSIEYTR A metal rod OA of mass mand length r kept rotatmg with a constant angular speed
rical plane about a honzontal axis at the end O. The free end A is an’anged to shde wnthout

fricti n-along a fixed conducnng circular ring in the ‘same
ane-as that of rotatlon A umform and constant magnetlc

'on B*’ls: apphed perpendlcular and into the plane of

as shown in figure. An inductor L and an external
g ; ,Rf are _onnected through a switch § between ‘the
‘point 0 2 and a point C on the ring to form an ' electrical circuit.
Neglect the resistance of the ring and the rod. Initially, the
switch is open.

(a) Whatis the induced emf across the terminals of the
switch ?

(b) The switch S is closed at timet = 0.
(i) Obtain an expression-for the current as a function of time.
(i) In the steady state, obtain the time dependence of the torque required to maintain the

constant angular speed. Given that the rod OA was along the positive X-axisatt=0.

(JEE 1995)
Problem N Two parallel verical metalhc rails AB apd CD R,
are separated by 1 m. They are connected at two ends by resistances. A AW~ c
R, and R, as shown in Figure. A horizontal metallic bar of mass L
0.2kg slides without friction vertically down the ralls under the pww= — —— o+
action of gravity. There is a uniform horizontal magnetic field of =T >
0.6 tesla perpendicular to the plane of the rails. It is observed that
when the termmal velocity is attained, the powers dlssxpated inR,
and R2 are 0.76 watt and 1.2 waft respectively. Find the termmal
velocxty of the bar L and the valites of R1 and R2 .
" (JEE 1994) R,
B D

" A rectangular frame ABCD, made of a uniform  x A X
metal wire, has a straxght connection between E and F made of the
same wire, ‘as shown in ‘figure. AEFD is a square of side 1m, and
EB=FC = 0.5m The entire circuit is placed in a steadily increasing,
uniform magnetic field directed into the plane of the paper and normal . | x x % %
to it. The rate of change of the magnetic field is 1 T/s. The resistance
per unit length of the wire is 1Q/m. Find the magnitudes and
directions of the currents in the segments AE, BE and EF.

‘x F xC x

(JEE 1993)
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. The peak emission from a black body at a certain temperature occurs at a
wa\{el'e'ngth of 9000 A. On increasing its temperétixre the total radiation emitted is increased 81 times. At
the initial temperature when the peak radiation from the black body is incident on a metal surface, it d;>es
not cause any photoemission from the surface. After the increase of temperature the peak radiatic’m from
the black body caused photoemission. To bring these photoelectrons to rest a potential equivalent to the

excitation energy between the n = 2to n = 3. Bohr levels of hud i i
Fancton of e oer, of hydrogen atom is required. Find the work

HCLIZUNEEYS  An electron is orbiting in a circular orbit of radius r under the influence of a constant

magnetic field of strength B. Assuming that Bohr's i isati
postulate regarding th i
momentum holds good for this electron, find: ° e quanfisation of angulr

(a) the allowed values of the radius ‘r’ of the orbit.

(b) the kinetic energy of the electron in orbit.

(c) the potential energy of interaction between the magnetic moment of the orbital current due to
the electron moving in its orbit and the magnetic field B.

(d) the total energy of the allowed energy levels.

(e) the total magnetic flux due to the magnetic field B passing through the nth orbit.

(Assume that the charge on the electron is —e and the mass of the electron is m).

WCLICUREEEN  Two hydrogen like atoms A and B are of different masses and each contains edual
nu.mber of neutrons and protons. The energy difference between the first Balmer lines emitted by Aand
B is 5.667 eV. When the atoms A and B moving with the same velocity, strike a heavy target, they

rebound back with the same velocity. In this i i
. process the atom B imparts twice th
target than that A imparts. Identify the atoms. ‘ .P ® momentum (0 the

Find the frequency of a photon of frequency v after falling through a height H in -

earth’s gravitational field. Assume that i f .. } L
frequency. a photon manifest .any increase in its energy by changing its

MCLICUNEEEN A neutron moving with speed v makes a head on collision with a hydrogen atom in

ground state. Find the minimum velocity of the neutron for which i i .
collision may take place if ich inelastic (completely or partially)

(a) the hydrogen atom is initially at rest

(b) the hydrogen atom is also moving with same velocity v towards the neutron.
The mass of neutron = mass of hydrogen =1.67 x 1072’ kg.

ECLIGUIEETN A photon with an energy of 4.9 eV ejects photoelectrons from tungsten. When the

ejected electron enters a constant magnetic field of strength B=2.5 i

jecter : . =2.5mT at an angle of 60° with the field
dlrecflon, the mammt{m pitch of the helix described by the electron is found to be 2.7 mm. Find the work
function of the metal in electron volts. Given that specific charge of electron is 1.76 x 10!! C/kg.

Problems ’ : 109

Photons of energy 3 eV fall on a photosensitive metal of work function 1 eV. The
de-Broglie wavelength of the most energetic ejected electron is found to be (1.09)2 V10 times the
wavelength of K, X-ray coming from a certain element A when it is bombarded by fast moving electron.
Find the atomic number (Z) of the element A.

Take h (Planck constant) = 6.54 x 1073* J-s, mass of the electron = 9 x 107! kg, Rydberg's constant
=1.09%x10" m™.
A stable nuclei C is formed from two radioactive nuclei A and B with decay constant
of A, and A, respectively. Initially the number of nuclei of Ais Ny and that of B is zero. Nuclei B are
produced at a constant rate of P. Find the number of nuclei of C after time £. :

Demonstrate that the frequency v of a photon emerging when an electron jumps
between neighbouring circular orbits of a hydrogen like atom satisfies the inequality v,,.,; < v< Vv, where
v, and v, are the frequencies of revolution of that electron around the nucleus along the circular
orbits. Also show that for large values of n all these three are almost equal.

A particle of mass m moves along a circular orbit in a centrosymmetrical potential
2

 fielldU )= k—;— Using the Bohr's quantization condition, find the permissible orbital radii and energy

levels of that particle.

PR Taking into account the motion of the nucleus of a hydrogen atom, find the
expressions for the electron’s binding energy in the ground state. How much (in per cent) do the binding
energy obtained without taking into account the motion of the nucleus differ from the more accurate

corresponding value of this quantity. Given % = 0.00055, where m and M are the masses of an electron

and a proton. -

ISP Consider the B-decay
198 Au— BHg+B + v~
where %®Hg represents a mercury nucleus in an excited state of energy 1.088 MeV above the

?round state. What can be the maximum kinetic energy of the electron emitted. The atomic mass of
% Au is 197.968233 u and that of 1?®Hgis 197.966760 u. 1u = 931 MeV/c?.

TSOIECEN A sample of Uranium is a mixture of two isotopes g, U 234 and 4, U 238 present in the
ratio 10% and 90% by weight. The half lives of these isotopes are 2.5 x 10° years and 4.5 x 10° years
respectively. Calculate the contribution to activity in percentage of each isotope in this sample.

A number N, of atoms of a radio active element are placed inside a closed volume.
The radioactive decay constant for the nucleus of this element is A ;. The daughter nucleus that formasa
result of the decay process are assumed to be radioactive too with a radioactive decay constant As.
Determine the time variation of the number of such nucleus. Consider two limiting cases A, >> A, and

Ay <<, _
S BEE A nucleus at rest undergoes o-decay according to the equation.
: ZX>Y+a

At time t =0, the emitted o-particle enters in a region of space where a uniform magnetic field
.%

> - . 3
B =B, and electric field E =E,{ exist. The a-particle enters in the region with velocity v =voj from
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x = 0.Attime t=+/3 x 107 - sec, the particle was observed to have speed twice the initial velocityy
QaE 0 N

then find
{(a) the velocity of a-particle at time t.
(b) the initial velocity v, of the a-particle.
{c) the binding energy per nucleon of a-particle. _
Given that: m(Y)=22103u, m()=4.003u, m{n)=1009 u, m(p)=10084u
charge on a-particle g, =64 x1071°C
and lu =167 x 10~ %" kg= 931 MeV/c?

[RT S EET I A solution contains a mixture of two isotopes A (half life = 10 days) and B (half life =5
days). Total activity of the mixture is 10'° disintegrations per second at time t = 0, the activity reduces to
20% in 20 days. Find

(a) the initial activities of A and B.
(b) the ratio of initial number of their nuclei.

GATTEEIEIA  Consider an excited hydrogen atom in state n moving with a velocity v (v<< o). It
emits a photon in the direction of its motion and changes its state to a lower state m. Apply momentum

and energy conservation principle to calculate the frequency v of the emitted radiation. Compare this
with the frequency v, emitted if the atom were at rest.

LI Polonium (g, Po?™®) emits o-particles and is converted into lead (s2Pb2%). This
reaction is used for producing electric power. Polonium has half life 138.6 days. Assuming an efficiency
of 10% for the thermoelectric machine. How much polonium is required to produce 12x107 J of

electric energy per day at the end of 693 days. Also find the initial activity of the material. Masses of
nuclei are

Po?!® = 20998264 amu
Pb2% = 20597440 amu
He* =4.00260 amu
1amu = 931 MeV/c?
Avogadro’s number = 6 x 10 per mol.
A radio nuclide with half life T = 14.3 days is produced in a reactor at a constant rate

q=10° nuclei per second. How soon after the beginning of production of that radionuclide will, its
activity be equal to A =108 disintegrations per second. Plot a rough graph of its activity with time.

MO SUNEY{] A body of mass myis placed on a smooth horizontal surface. The mass of the body is
decreasing exponentially with disintegration constant A. Assuming that the mass is ejected backwards
with a relative velocity u. Initially the body was at rest. Find the velocity of it after time ¢.

A radionuclide with disintegration constant A is produced in a reactor at a constant
rate o nuclei per second. During each decay energy E, is released. 20% of this energy is utilised in
increasing the temperature of water. Find the increase in temperature of m mass of water in time £.
Specific heat of water is s. Assume that there is no loss of energy through water surface.

111
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problem A parallel plate capacitor of capacitance i(amp)4
puF and a separation of 1 cm is charged with a.battery to a -
potential difference of 10 V. The battery is then disconnected.  1¢-12
Electromagnetic wave is now incident on negatively charged
plate which emits electrons with kinetic energies ranging from O

to 1.5eV.

The electrons are attracted to the positive plate. The current
which flows between the two plates varies with time t as shown in
ﬁgur(ea) What is the potential difference between the plates at time t;
(b) What is the numerical value of t;

(c) What is the potential difference between the plates for t> t,

[ERNE YA A photon of momentum p, is absorbed by an electr'?n initially at rgst, whicb insjtantly
recil and emits a second photon of momentum p, in a direction making an angle @ with the dlgectlorzl ozf
p;. The electron at rest has an energy of m0c2 where my is its rest mass and an energy of ¢y p + mgc

)

» {(s)

when momentum p. Here cis speed of light. Show that

1 __1__—._.1—(1—c059)

b P MgC
P2 A NPN transistor is connected in common emitter conﬁgura.tion in whigh cc‘)ll_ector
suply is 8 V and the voltage drop across the load resistance of 800 Q connected in collector circuit is 0.8

V. If current amplification factor B = 25/26, determine collector emitter voltage and !?ase current. If the
internal resistance of the transistor is 200 Q, calculate the voltage gain and power gain.

A NPN transistor in a common emitter mode is
used as a simple voltage amplifier with a collector current of 4 mA. The
terminal of a 8V battery is connected to the collector through a load
resistance R, and to the base through a resistance Ry . The collector
emitter voltage Vg =4V, base emitter voltage Vgz =06V and
current amplification factor is § = 100. Calculate the values of R; and

Rg.

G HEYCA  In the circuit shown in figure, the bfase cur-rent
i, = 10pA and the collector current i, =52 mA. Can this transistor
be used as an amplifier ? Explain why or why not ?

th
i

RS
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A sample of radioactive material decays simultaneously by two processes A and B
with half lives 1/2 and 1/4 hr respectively. For first half hour it decays with the process A, next one hoy
with the process B and for further half an hour with both A and B. If originally there were Ny, nuclei, fing
the number of nuclei after 2 hr of such decay.

Natural water contains a small amount of trittum (f’ H). This isotope beta decays with
a half life of 20 years. A mountaineer find debris of some earlier unsuccessful attempt. Among othet
things he finds a sealed bottle of whisky.

On return he analyses the whisky and finds that it contains only 2.5 per cent of the fH radioactivity
as compared to a recently purchased bottle marked 10 years old. Estimate the time of that unsuccessfy]
attempt.

Iit JEE PROBLEMS ===

. ’ : . E
_ Arock is 1.5 x 10° years old. The rock contains *U, which disintegrates to fori
2% ph. Assume that there was no 2 Pbin the rock initially and it is the only stable product formed b
the decay. Calculate the ratio of number of nuclei of 22 U'to that of 2% Pbin the rock. Half.life of 28

is 4.5 x 10° years. (2% =1.259) 4 , (JEE 2004)

Wavelengths belonging to Balmer series lying in the range of 450 nm to 750
were used to eject photoelectrons from a metal surface whose work function is 2.0-€V. Find (in eV)
the maximum kinetic energy of the emitted photoelectrons. Take hc = 1242 eV nm. (JEE 2004}

SCLICUMEENN  Characteristic X-rays of frequency 4.2 x 10'8 Hz are produced when transitions

from L shell to K shell take place in a certain target material. Use Mosley’s law to determine th%
atomic number of the target material. Given Rydberg constantR =1.1x10” m™. (JEE 2003)'

MCLICIIE 7Y A radioactive element decays by B-emission. A detector records n beta particles m$
2 seconds and in next 2 seconds it records 0.75n beta particles. Find mean life correct to nearest§_
whole number. Given In|2] = 0.6931, In |3 = 1.0986, (JEE 2003);

In a photoelectric experiment Setup, photons of energy 5 eV falls on the cathodéf
having work function 3 eV. -
(a) 1f the saturation current is i, = 4uA for intensity 10~ W/m?, then plot a graph between,
anode potential and current. '

(b) Also draw-a graph for intensity of incident radiation 2 x 10~5 W/m 2. (JEE 2003)

A hydrogen-like atom (described by the Bohr model) is observed to emit six
wavelengths, originating from all possible transitions between a group of levels. These levels have
energies between ~0.85 eV and —0.544 eV (including both these values).
(a) Find the atomic number of the atom. :
(b) Calculate the smallest wavelength emitted in these transitions.

(Take hc =1240 eV-nm, ground state energy of hydrogen atom =~ 13.6 eV). (JEE 2002)

Problems : _ 113

Two metallic plates A and B, each of area 5 x 10™* m?, are placed parallel to each -
ofher at a separation of 1 cm. Plate B carries a positive charge of 33.7 x 1072 C. A monochromatic
beam of light, with photons of energy 5 eV each, starts falling on plate A att = Oso that 108 photons
ﬁn on it per square metre per second. Assume that one photoélectron is emitted for every 10°
A'iﬁ;;i,dent photons. Also assume that all the emitted photoelectrons are collected by plate B and the
work function of plate A remains constant at the value 2 €V. Determine :

‘ . (@) the number of photoelectrons emitted up tot =10s.

~. (b) the magnitude of the electric field between the plates A and Batt = 10s.

(c) the kinetic energy of the most energetic photo-electron emitted att =10s when it reaches
plate B. Neglect the time taken by the photoelectron to reach plate B.

Take €, = 8.85x 10712 C2/N-m? (JEE 2002)

A A radioactive nucleus X decays to a nucleus Y with a decay constant
Ay=01 sec”!. Y further decays to a stable nucleus Z with a decay constant A, =1/30sec™.

Initially, there are only X nuclei and their number is N = 10%°. Set up the rate equations for the

populations of X,Y and Z. The population of the Y nucleus as a function of time is given by
Ny@®)={Nohx/(h x ~Ly)} {exp (A yt)~ exp (=A x4t)}. Find the time at which N is maximum
and determine the population of X and Z at that instant. (JEE 2001)

FProblem 587. BT nuclear reactor 23°U undergoes fission liberating 200 MeV of energy. The

reactor has a 10% efficiency and produces 1000 MW power. If the reactor is to function for 10 years,
find the total mass of uranium required. (JEE 2001)

A nudleus at rest undergoes a decay emitting an o-particle of de-Broglie
wavelength, A = 5.76 x 107'* m. If the mass of the daughter nucleus is 223.610 amu and that of the

o-particle is 4.002 amu, determine the total kinetic energy in the final state. Hence, obtain the mass
of the parent nucleus in amu. :
- (1 amu = 931.470 MeV/c?) (JEE 2001)

(a) A hydrogen like atom of atomic number Z is in an excited state of quantum
number 2n. It can emit a maximum energy photon of 204 eV. If it makes a transition to
quantum state n, a photon of energy 40.8 €V is emitted. Find n,Z and the ground state
energy (in eV) of this atom. Also calculate the minimum energy (in eV) that can be emitted
by this atom during de-excitation. Ground state energy of hydrogen atom is ~13.6 eV.

(b) When a beam of 10.6 €V photons of intensity 2.0 W/m? falls on a platinum surface of area

1.0x10* m> and work function 5.6eV, 0.53% of the incident photons eject

photoelectrons. Find the number of photoelectrons emitted per second and their minimum
and maximum energies (in eV). Take1 eV =1.6x107 J. (JEE 2000)

Photoelectrons are emitted when 400 nm radiation is incident on a surface of
work function 1.9 eV. These photoelectrons pass through a region containing a-particle. A maximum
energy electron combines with an o-particle to form a He" ion, emitting a single photon in this
process. He" ions thus formed are in their fourth excited state. Find the energies in eV of the photons

lying in the 2 to 4 eV range, that are likely to be emitted during and after the combination.
Make h =4 14% 10715 av_al :

PRI T R
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Nuclei of a radioactive element A are being produced at a constant rate o Th
element has a decay constant A. At time t = 0, there are N nuclei of the element.
(a) Calculate the number N of nuclei of A at time t
(b) Ifo=2NgA, calculate the number of nuclei of A after one half life of A, and also the lum
value ofN ast — oo, (JEE 199@

‘Problem: 59 ‘Assume that the de-Broglie wave associated with an electron can form a standmx
wave between the atoms arranged in a one dimensional array with nodes at each of the atomic siteg
It is found that one such standing wave is formed if the distance d between the atoms of the array is3
A. A similar standing wave is again formed if d is increased to 2.5 A but not for any intermediate valye
of d. Find the energy of the electron in eV and the least value of d for which the standing wave of the
type described above can form. (JEE 1997

Pkl  The element Curium 238Cm has a mean life of 10'3 second. Its primary decy

modes are spontaneous fission and o-decay, the former with a probability of 8% and the latter witha}
probability of 92%. Each fission releases 200 MeV of energy. The masses involved in decay are |
follows :

28 Cm = 248072220, 232 Pu=244.064100u and 3 He = 4.002603 u. ‘
Calculate the power output from a sample of 10°°Cm atoms. (1 u=931meV/C*) (JEE 199))

Fat  UEEL®  In an ore containing Uranium, the ratio of 2 U to 2°°Pb nuclei is 3. Calculate the
age of the ore, assuming that all the lead present in the ore is the final stable product of 28U. Taky
the half life of **8U to be 4.5 x 10° years. ‘ (EE 1997, Cancell

SCIUT MG (a) An electron in a hydrogen like atom is in an excited state. It has a total energy
~ 3.4 eV. Calculate :
(i) the kinetic energy
(ii) the de-Broglie wavelength of the electron
(b) Ata given instant there are 25% undecayed radioactive nuclei in a sample. After 10 second
the number of undecayed nuclei reduces to 12.5%. Calculate :
(i) mean life of the nuclei
(ii) the time in which the number of undecayed nuclei will further reduce to 6.25% of the
reduced number. : (JEE 1992'

LA URERIA  In a photoelectric effect set-up a point source of light of power 3.2x 10 W emi

monoenergetic photons of eniergy 5.0 eV. The source is located at a distance of 0.8 m from the centr
of a stationary metallic sphere of work function 3.0 eV and of radius 8.0 x 102 m. The efficiency

photoelectron emission is one for every 10® incident photons. Assume that the sphere is isolated an{
initially neutral and that photoelectrons are instantly swept away after emission.
(a) Calculate the number of photoelectrons emitted per second.
(b) Find the ratio of the wavelength of incident light to the de-Broglie wavelength of the fastes
photoelectrons emitted.
(c) Itis observed that the photoelectron emission stops at a certain timet after the light sourcet
switched on why ?
(d) Evaluate the timet. (JEE 199

Problems 115

R A hydrogen like atom (atomlc number Z) isina Ingher ‘excited state of quantum
‘pumber n. The excited atom can make a transition to the first excited state by successlvely emitting.

two photons of energy 10.2 and 17.0 eV respectively. Alternately, the atom from the same excited-
state can make a transition to the second excited state by successively emitting two photoris of
energies 4.25 eV and 5.95 eV respectlvely Determine the values ofn and Z. (lonization energy of
H-atom =13.6 €V) o : (JEE 1994)

A small quantlty of solutlon contalmng Na radio nuchde (half life=15 hour) of :
activity 1.0 microcurie is injected into the blood of a person. A sample of the blood of volume 1 cm?

taken after 5 hour shows an activity of 296 disintegrations per minute. Determine the total volume of
the blood in the body of the person. Assume that’ the radloacnve solution mixes umformly in the
blood of the person.

(1 curie = 3.7 x 10™ dlsmtegratlons per second) . ' : (JEE 1994)

A neutron of kinetic energy 65 eV collides inelastically with a singly ionized
helium atom at rest. It is scattered at an angle of 90° with respect of its original direction.
(i) Find the allowed values of the energy of the neutron and that of the atom after the collision
(ii) If the atom gets de-excited subsequently by emitting radiation, ﬁnd the glven frequencxes of
the emitted radiation. .
[leen Mass of He atom = 4 x (mass of neutron) Ionization energy of H atom 13 6 eV]
. (JEE 1993) .

Light from a dlscharge tube containing hydrogen atoms falls on the surface of a-
piece of sodlum The kinetic energy of the fastest photoelectrons emitted from sodium is 0.73 eV. The
work function for sodium is 1.82 eV. Find :
(a) the energy of the photons causing the photoelectric emission.
(b) the quantum numbers of the two levels involved in the emission of these photons
(c) the change in the angular momentum of the electron in the hydrogen atom in the above
transition, and
(d) the recoil speed of the emlttmg atom assuming it to be at rest before the transiuon.
(Ionization potential of hydrogen is 13.6 eV). . (JEE 1992)
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ANSWERS

| xz o u Uz )
.Y 10 g T W 16,
1._(3) 16* 36 1 (b)90 245 n(2) 38.16.67s

4 'Zf_q, ——qég—i— oscillatory between x =0and x = 2E, 5. 1 6. grh 9. 43 m/s
" o m . o » o 2 n-1)g .

10 642min 11 3kmhour  12. sin™ (%) 1.09 sec, 62.64 m

14, (2)267km (b)09km/s  15.7gR  16. 348 m/s?
17. 0:6s, 23.43 m/s, 6.59 N, zero 18. (a) 0.833 m/s (b) 2.63 m/s

19. B should move up with initial velocity % and downward acceleration %

2
21. t-————-i—tyz——-—, Herea =sin™ [ zy > }andﬁ =sin! [g sin a]

" {v cosB - u cosa} X% +y

.2473m  28. 2.76 /s at an angle of 72.8° with OA _
. 2.88 cm/s and 4.5 cm/s? both upwards 25. v (2417 + j) 26. x=t-sint

=R

27. S=A[n+1-—cos(cot—%t-)]whenniseven

=A[n+sin (mt—%)]whennisodd wheret=1t; + t5, tp <£ and q:%,n:O,l,Z...

Qj_
6

28. (a)% (b)u(-1—:71§) .29, (a)v=§2-a—-é%z— (b):)—’ (©) v (due east) (d) af +

(63111 -1 o
30. (a) m {b) vy 31. cot™ (2) 34. (a)45 (b) 12.8 m/s

13170
v

36. 10m 37. R=+7a 38. 6thstep

. 8gd '
(1+ 2sin ) [8t cos 6 + tan O (1 + 2sin 0)]
a
"N+1

45. (a)45° ‘('b)2m/s' 46. 15,(3.751 + 6.25))m/s  47. (a) 1m/salongnegative x-direction (b) 1.48s

S em _

48, (2 Y- Sn 20 ucos@+8) 49 o5y (1) 0.32m
. gcost cos 9 R

50. (a)1s (b) (5v3m,5 m) 51 (i) 17.32m (i) 11.55 m from B and 5.77 m from D

52. (a)30° (b)(108.25 m, 31.25m)
T2
53. (a) The lighter man will reach the pulley first, (b) X’IL}; [2_ + h]

85. (a) circle (b) V30 ()

39, V26 m/s atangle 8 =tan™ (5) with x-axis 40. v, = J

41, x=373m,y=1875m 42.109x109Nm? = 43. 26cm’ 44

2 ..
54. 2 m/s? (upwards), 1 m/s? (upwards), 3 m/s? (downwards), 3 m/s? (downwards)
85. 2500 N, 1294 N 86. 20, + 4ag +ac =0 _ '
57. 0.5 m/s (towards right), 0.75 m/s? (towards right), 1 m/s (towards right)
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-58.N=3mg(cose——12—),a,=gsine 59.275N  60. 20m/s  61. 0317m

0 om0 o
77 ™" (M, 7 mis® (1)

68. 1.098,/3mg

62. 018 63. 182sec 64 (a)%qm/sz W), %Om/s2 M ()

65. % m/s?, % m/s?  66. 20rad/s  67. 8.40kN
69. 6.28 m/s” down the wedge, 8.14 m/s?
70. 1.272 m/s? (down the plane), 1.8 m/s? (at 15° with horizontal), 149 N

71. (a) 6.36 m/s (down the plane) (b) 5.5 m/s? in horizontal direction {towards right)

72. (2)245N (b) 109N  73. (a) (i’”—] m (o) OB gy 6474
_ 4-p (20p ~5u°) g
75. | 2L 76 10m5m  77.125vd 78, Leec
b2 -11)g 5
79. (a) 1:30kg (b) 0.065J 80. 2 sec, after A has travelled a distance 8+4/2 m
81. (b) () =30N, £, =15N

(i) Equations of motion form;,my and M are 30 - T=20 ¢, T~ 15=5aand F =30 =50 a

(ili)y F=60N, T=18N,a= g m/s? of all the masses towards right

82. (i) 36 N, towards centre (ii) 11.67 radls; (ii)r, =0.1m,r, =02m  83. (i 5;3/_ 3’;’9
84. (i) 0 = Rih-,9.89 rads (i) 9.78x10° m/s?  85. (2)36% =1+ cos® (b) 2.45 m/s
86. umg®cosa(sino —pcosa)t 87, (a) 0.864 Jar (b)0.908.gr (c)126.9°

L
88. g@,zk 89. 1.825m/s, 274 m/s  90. |2gy L—_%
2 2.
91. cos™ | ! Csj “Zlgh 2 oy cosay <|Zgh  92. 2414R<H <25R, 45° <q < 60°
-

Yg

— .
93. (a) 3 (b) \/;—; vg  94. 0.124 sec

97. (a) N =mg (3cos®~2), (b) Ford < cos™ (g)

95. (a) 90° (b)mg(3v2-2] 96. /5gl,tan (2, 2/

Ng=0,N, =mg (3 cos 0 — 2) and for 8 > cos™ (é), Ny=0,Ng=mg{(2-3cos9)

11x, - 30 P

98. 214 /gL  99. 0 100. 5m 101.£sina+4rﬁ§|cosa

2
102. (i) 25.981 /s (ii) 25.918 m/s  103. cos™ {1 - —g%} 104. 4.334J
gl

= - PR 1 .~ - 11 2-¢  2(1+éev
105. (@) J,,==dy=-m(5 -]) (b)—(5 = . 9
(a) M m(5i —j) (b) 13( i +jlm/s {(c) 7 106 3 vg, 3
- 2 1
107. 108. L A 109. = 111.1:2:3 112. - -
yes 3 2 12 2cotoz cot -1

Lot 0 SRR

118. (2)37.5m/s (b) (50 m, 17 m)

122 Vo [3=0721v, 123.474m  124. (a)uge ™0 (b)moe™"
e 161°

125. T ln (21 2m0

121
Answers _

114. 343 m, 13.12m

d

= (1+ € mucos® eM -m . k b) =
g5, (Lr dmicos?, —M+m 116.05  117. @3d [ ®)

g Y2 104 3" 119. \‘ 120. -1 121. () 1.65mis (b) 2.25J
1us. - - Tm’ “Im v2gh

ql gl

2 ]

g mgt mg pt)

6. +————In|1+—
12 2[2 m uzn( moJ

129. (a) -1- m

127. uln (%’-) -ugt

128. (a) 3 s (b) (b)2.5sec  130. The particle will strike at (v20 m, 1 m), No

o m
131. m[(—v?_ sin %’t)i + (v? cos—Et vl)j] 132. x, =vzt+m—A(1—cosmt) Iy= (m_:+1)A

183. 125,1575m/s 134. 0.84,15.12kg  135. (i)% (ii) f—’z"zi 136. (L +2R0) 137.10°m

138.7, =R (0t -sinwf{ + R(l-cosot) j, v, =Ro(l-coset)i+Rosinotj,

’d
3 BTID-J R
141. pn )

@, =Ro? (sin oti + cos ot j)

139. -0.732radfs, 0.771 rad/s?  140. 714N

| 702 > TgGp 5
oY Yo
142. (aocose+-——r2 ) (aosme+ . ) "

201 ’ 2!)1 .
Sug ( 2519

145. V2 v, at 45° with positive x-axis

143. (a) g v (o 144. 0.423%

146. (a)No  147. S—Q(l-sin e),—‘/és:l_
Mb? MP
148, IY;) (b2 cos®i +12 sin 0 J), I4cp © where Incp =1, cos? 9 +1, sin eor]ACB —7 cos? 0 + T3 —sin%@
2mg 3«/— 3g
149, —=, ST

’ 1/3 L
150. (i) —JLZ’—Z mg at an anglea = tan™! (%) with horizontal, (ii)®(t) = %’-, {iit) v, (t) = -——-g + gt
(b) 6.53 m/s? (c)40.82m

156. %m

152. (a) 4.9 m/s?
155. 345N

151. (40.0 cm, 33.75 cm)
153. (a)% (b)% 154. 821.84N

12u

: 1
i M =
157. (a)%gu(downwards) (b)—— (c) %u (downwards) :158. 4v .\ 159. —"7[309 (wfé—l)lz'

160. 0398  161. (a) 'sg?‘ (b) % - and % 4 (c)3.88mg Tand 0.5mg —

4 (M+mYuyrog
163. — —_
5 ( M ) g

162. (a) 7.1 m/s? (b) 53.9 rad/s?
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164. (a) 6.84 rad/s® (b)47.27N (c) 945N

165. (a) gmlg sina {b) 3 % i “ 2mlg :in o

168. (a) V3 ml w? (b)F"-——F J‘mlm

3

166. 12P, 167. (a) 79N (b) 0.55 sec *
169. (2)0.1m (b) 1rad/s _(c) will never come toest .71.70.-’(aj (b) L@l 2"0 '
S0 - A'v;'_—'..-'_."" PR T ::— S e T ) '\
n o B e
171 (a) 3"'”1 + 8m2 3m1 + 8m2
(b) —ﬂ—— (between plank and cyhnder), ({between cylmder and ground)
3ml +8 2 3 1 8 moy .

172. ,/5g 173. (i) (6)N (i) T, =06 (k - ) Nm, T, = 0.6 (= ] - k)N—m,ltll—ltzl 0.85 N-m
2

174. <x)§u0 (i) ™2 (30t - 20, - T 175, (a) cos” (i;-) (b) gR 96

176. () 163N (i) 1.22m  177. 63mis 178, cos™t [4'172 ( "*‘/';l]
. . . rp Tz +r1 n

180. 2o 181 50r: - 182, 08 his, 45 days -;_83. 2.323R 184 243

: o - ~— 18], - L

» ‘ o an® . 4700
185. 3 x10% kg, 3.273 x 10° km 186. [2G(m; + 1 L
X S , ., J my mz){R Rz - G(ml +m2)T2 T

187.‘/@[345_\{%]-" 189 76(; 1

}RQDS—- 190

191. 3‘/_ oM .;192."‘0.14% 193 (a)saa‘f- (b) 194 M

a ‘ o a 75 m
195.02m, 14s  196. (a) d:aszs ©y03szs 197, J 5’; 198, (a) 0.72 sec (b) 87:3 mms
199. 826 mmis  200. 2 R‘L?l 201, 32Hz 202, (92~ 60 sin 10 16t+299)}mm
203. 2n

212
: H;L 2 a0, 2",}28'? 205. 20 ,3“"’ +mlr - ’0’ 206,081 sec

207.08t+12sin10t  208. 2r -”i‘”‘z—"’l’, 209, L
klkz 1!’
211. —\/— 212. —tan-l[ 2”’“”

X2

cnt (4] gL
=tan ‘(SR) (b).zﬂ

214. (a) 8,

Problems in Physics -
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Answers
) 1y, (i) 0.0628 /s _ (i) 3.9 10%J 223 224. 2.4 x10* J/m
F)l At (I o + ’2“ } o ’o_1 = Illzt (Yl o - Yz az)
,_;_t_z_)_ 226. (_)_71__1_1_2_ (b) 1"y =k + ALI"; =, - Al, where Al TR
28Y h b _
‘ 4 Y ' ’ '
X 2
, . 2 o A g'_ n a-~a zgh - h
2) 24N (b)12mis®  228..(a); (o) - [a {———-—a‘/ 29
2H 930, -0720 231.r 232.675J
g : - o
' ' 1 [6g 1 i nl |
o . -4 -2 . —, —_—
285, (@) 157 X100 () 942x107 N 234. —- S 235. — 1;[ fng /g T

286. (2)7.84 x10% m  (b) (2 0.024 J (ii) 0.009 J (iil) - 0.033 J (iv) 0.033J

251. t= é 2 [J" - _"_] 238. 49m 239, (2)588ky (b) 5488N

g vay
i : 4 257
m) a m _Tpgd P
240 x= [h+—)e -_w_herel———&”A | 241. (@) 5 557 ( )——

P ég _Mp, L
,m = ML-—=
- +M( " 2ps
"246 Approxlmaﬁely 4mm

{ | 3,3
'247 (a)(l)—d(ii)p po+dg(gH+£‘-) (b) () %(3H—4h) (ii),/h(SH‘-t}h) (i) 5 H, ¢ H

» 2p4
: ®“R A\
vm (@) Xmax =52 m (b) 68 minute ~ 249. Power = {Wﬂ % } 2?0. T= %

2
- mL) 243. 4H 244, F= "% (%) attraction

254. 7_2_(5 N-S/m?

255. (a)bzero' (b} 0.25 cm (c)%(upward) - 256. 4.568x10'3f’C
257. nRZL (,/56 -p) 258. ()40kg (i)0.1J  259. 29025 J/m®, - 29400 J/m®

3H 3
260. (s) (i)—d(n) P°+d—9-(§Fﬁ (6) (1),/(3H 40 S ) AT - an (i) °H

261. (a) tld" ~d (b)no  {c) The ball will continue to move with constant velocxty. v==1 gt‘ inside the liquid.

g_Q_oc 5 . 258. ﬂ
251 2or®  252.2m o

262. f 263. 0.28cm,9x103 kg/m®  264. 9555 _

265. (a) (i) —e 0 (i) — 20 (b) (i) —AO (i) —"e0 266, 3.85s
268. (a) 15m, 20 min~! (b) 13.5m, 2222 min?  269. (a) 33.33 m/s
270. 02sec  271. (a) 1kgm? (b)10um (c)288n% watt 272 878.2Hz

M_ 275. 93_’1‘.21 277. 2340.79 Hz
4k ' ‘

267. 49%
{b) 2250 Hz :
278. 0.142m,3.55m/s

276. —1
14—
C

274,

279. 163.4 Hz, Five

n ‘ ol ~3l, + 20
278. (a)4.95mm (b} Third overtone 280. —"L—Sz—
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281. 200H;  282. (a) 50—" pols (b) 229 2"“’ S 283, 336 m/s o’
y 400 .3 4
85. (a) 8o (b) 1 286. (a) 1.0069 x105 (b) 1.0304 x 10° Hz

287. ()32m,24m, 1.6 mand 0.8 m (i) (- %) =(1.11 x107%) VH (i) 43 s

288. (a) 0.14s (b)-1.5cm, 2.0 cm

15 AP,

289 ()16m (b)iTZ_ (c) max‘Pmln"'PO(d) '=P0+AP0,Pmin=P0—APO

290. Length of closed organ pipe is }; =0.75 m while length of open pipe in either/, =0.99 m or1.0067 m
291. (a) y=10"sin (0.1 m) sin (25000 m) m  (b) y, =105 sin (25000 xtt — 5700 m,

Up = 1078 sin (25000 nt + Snx)m, Herexisin metres‘and t in seconds
292. ()6.28x107°%s (i) 157x10%s 293. 258% 294. 1.4  295. 34cm

296. o (T, -T)-B(TF -T2 297.7.7d4 298, 1003hr  299. 8.06 x 10 m/ °C
16KA
M 9]

-t
300. (T, -T)e ®™  301. 1, [1 302. H =KAo [, 32T
) ¥y, | L, 2
T (y 1\ [T +kT '
303. oy (1 ;) [W 304, (a) ~ 2700 (5) - 4950R, 3150R, 1247.4R

_RTym Tom :
305. C, = ‘;’O ,Cp =(l + &—J R 306. (a) 512K (b) 1.68 (c)288.34J

0
307. /10g,h

23 0 23

308. (b)25%  309. 0, =0,=19.84 x 10’ N/m?=40,  310. (a) = p,, = T,
37073
311. 337.5K  312. (a) AC (b)150d (c) 10J  313. 60%
2T,

314. @R+ T, -2T)In 2) YR (G +T)In (2) ()1~ -

315. (a)p-V

Pi
2pg

Po

A
2pg | B.C

Po

Vo
2
Here V, =
316. 41%  318. -98 _1
K. Py W‘Q(P1+P2)(V2‘V1)
Vi Vz;v
(PoA + W) (3P,AV + ZWV)
320. -0 0 5.2 3p
AR GPoA T 5] 321. Q- Zk*-3nRT  322. (a "me (b) 69.69 ud/mol-K

323. 184 x10* per°C  324. 1.06 x10° N/m?, 1.06 x 10° N/m?, 1346 K, 10% J
325. (a)0.182kJ (b)1.418kJ (c)1.13 326. 15% of original volume '

Answers 125

328. % m, 4488 K 330... Proportionality constant =

K
829. v =20, 4eol T + K
. s

327. (b) - 5834

331. M 332. (a) 595 watt/m? (b) 162.6°C  333. (a) 160K (b)3.312x107 J (c)0.3 g

334. (a) 600 K (b) Qup =1500R (absorbed), Qg = 831.6R (absorbed) -

Qcp =~ 900R (released), Qps =~ 831.6R (released) (c) 600R .
385. (a) ~1200R (b) Qup =~ 2100R (released), Qpc = 1500R (absorbed), Qcy = 831 6R (absorbed)

PA ¢ :
A -
| B |‘V1 23 3 " 23 QAW (Y% 23
33§. (a) b, \\EA (b) (l)-——-P1V1 l( 2) -1 (“)E PV (—‘72-) 11+ Q (i) == 3R R ( )
o' 'V, \;1 :V. .

2Ky
337. () PoVy (0)2 POVO, 3PV, (o) Foo °V° (d)gs?%v—" 338. |300+125¢ & )kelvin

339. (i) 120.34 K, 240.68 K, 481.36 K, 240.68 K (i) No  (iii) 3.25 x 108 4,2.75x10%J

340. 909K, 7914 K,614%  341. 6.7 x 10 percC  342. (i) 189K (ii) ~2767J (iii) 2767 J
343. (a)2 (b)401m/s (c)0.167% (d)8.27x 10°V  344. (i) 7654 (i) 10.82%

345. 4074 gNeon and 23.926 gArgon ~ 346. (i) 1869.75J (ii) 5297.6J (iii) 500 K

347. (a) 1152J (b)1152J (c)zero  348. 166.32s 349. % m 350. 60°

355. (-10f + 5v3 Jlem/s ~ 357. 100 cm vertically below A

358. 21.3 cm from the mirror (towards right) 359. 145  360. 7.96° 361. 1. 382
862. (a) co-ordinates of images of points A, Cand B in centimeters with respect to optical centre of lens are :

A=(33.0,-6.1),C=(36,-12,B=(40.7,-21.36) (b)17.1cm  363. Atthe middle of the glass slab

: 2 .
364. final image will coincide with the object 365. (0,0) 366. (1 2" ) v, towards the screen
, n

352. 063cm  353. T(-i- f)

2 .
367. v, + ( ) (vy —vg) in the direction of v; and vy, Here x =d + (v —vp)t

2x~R
368. L -y 369. p= V2,00245°  370. {a) 60° (b) 136°

371. Image is formed at x = 3.125 cm 372. 1,932 373. 3.136 cm,8.75cm
375. (a)17% (b) 715%  376. (67.5cm, 0.5 cm), (67.5 cm, 0.33 cm), virtual

377. (a)24cm (b)15  378. (36cm,0.006cm)  379. 60°  380. 1.71cm
R 2(k -1
381. = 664°  382. 0.7 383. D 241 - —=—
n(y) _yno, . mm J { ARR
dir -r2) _1( ¢)x n__.d 1 o
384 —k - 385.. -2 1L p=0+1,+2...()¢=—and-=n+-_-,n=0,t1,12..
YD) 5. (a)cos™ {n o dn 0,+1,+2...(b) ¢ 2an A n+4n 2

386. (a) ceniral maxima is obtained at a distance y = —d— above O. Fringe width = }- (b) —=—= cos? —ni-z
40 d I 40 )

387. (1) 1.66 cmbelowpointO (b)1 388. 0.6 mm 389. OE =606 m 390. 0.09m/s, 0.3 per second
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391. f=£— 392. (2)0° (b)1500A 393. 1.6  394. 15cm, -5
3 ™M1

396. {a) 600 nm (b)sin~? (g) 397. 0.9 m (rightwards) 398. 0.4m, 0.6 m

399, (i)sin~ {\/— (,l nZ } {if) 73°

J4y"* =x (c)(40m, 1.0m)
{d) The ray will emerge paralle! to the boundary at P i. ., at grazing emergence
402. 3.5 mm 403. (a) circular (b (c) 300 nm 404. 2 cm above Q,1.0016

400. (a) slope =coti

405. () 3._6t=(n—~§) An=1,23,.. (i)90nm

406. (a)yp=-433mm (b) % Inay  (c) 650 nm and 433.33 nm

407. (a)+ 026 m, = 1.13m (b) 0.26 m,1.13m 408. 9.3um
409. 7x10° m,1.6; -5.71x105 m 410, 4200 A, 1.429 411. 1 mm, increase

415. yes 416. 1t is possible 1fE—< fR 417. R 419. 22.85A,7.62AfromPto Q
1 n :

420. (2)0.225m/s (b)54.15°C  421. (2)30Q (b)0.044A 422 L@t b+c+4d
(a+b+ad

423. (a) (i) 120V, 80 V (ii) 100 V, 100 V (b) Elo' AfomDto C
2p - 2 oo 2
a24. @) 2 1R {1 In (2)}9—}3 425. Ty+|1-e | 427.80a
3 2 ) R
428. + 14 watt, - 1 watt 429. 2V 430. (a) 605 watt (b) 6 volt {c) both

431. %ro 432. (a)5Q (b)30°C (c) 100 sec

2p2
435. @)No ()80 436 W2 Ny 4a9 20, 49 mo’R
rl + r2 rl + rz 3 26

2 « 6meg MR 1l 3euav?] M
440. — -1 441. 2k 0 442. Z|F, g 2n — -
733 i ( Qq ) ko727 a [P

2
443. V2 444 B+ hy—g (i) 445. 2 446 P1P2 (G0 sine, - 2c0s6, cosey)
v e dreyr

[ ab 2 1 1
447. 4rne + 448, N9
Olb J (@ drey r -t + t Vk)?

-a c-b
450. (a)125x10°V/m? (c)Im  451. ~045] N  452. (@) 09mC (b)4.12J

453. (a) gge Pk () (%‘

(b4 449. 3.174 x10° C

1) s
b 87{80 K

— 419 > \/al— Fé + x/a;?
455. gz = 3 = i
\/E + \/‘E v G tq2

456. 47(800 457. 6(180X

% Y- 458. (91on A
461 @14 ©)154C, 15 C,45 hC 75 W 462, (2)2.36 A (b) 2210, 4.8KC () 034

454. (a) 50kQ,10kQ (b) 100pF (c) (10 - 5.66 ™) mC

127

Answers
Answers

1/3 -
) : 459 ——.- 460 (a)+26V 16V (b)12uC84p.C

= 2 Qq (65 + 10 - 18] 465 ROV _
463 41080 (‘:2 al)alaz 464 {m 41:90 R - 10 2R, +Rg)
.“466 QZ(R “H) " 467, 3mgh - 468. (ﬁLJ_jzl‘iE 469. W= 5824(Z—~%—)

o 327‘50R - € ' Teg

| ‘P4 471.58ms  472. 3m/s,3x104J
470 el odz ®) Zﬂeod'g..l- . )

473. (a) % a (b) Equilibrium pqsiﬁon isH=

R

QB|, (R

‘“@@W%fﬁﬂJ
2y, .

{ v v eE v

4752 (a‘)?{lrgsxc] (b) — 5= _G—Ee»mc’_zﬁ

476. (1)90ué,150 rC, 210-uC (i) (@) 47.4 mJ (b) 18 md

CKK K 5
477. 0.198pA  478. (a) 77—~ lleln( 2) (b)—c

- -5 -5 b
479 443x10'9A 480. (a)(|)20>¢10"9F 1.21 x 1077 J (ii) 4.84 x 107 J (iii) 1.1 x10™ J  (b)

i Q? 1
481 () u?;oR BI15x10% ] (g2 482 m-2tan (BqR)

483. (a)mrad/sz (b)~57R% 1By J  (c) zero

484. v, cos (Byo B+ vg sin (Bg at)j, [sm (Boat)l + {1 - cos (Bga)} jl

485. (0.2 m, 0, 0.628 m) 486. x=a(<nt—sin(ot),y=0(1~C°5‘Dt)v where @ =aBg and =

Roin sm(n) tan(n) (b)%_i
r

488. (a) onlr
1023

2rd?iB,,
J& +d?

489, (a)iBdi (towards cemre) (b) iBa (c)

2ug
490.° Ho's [11 in “1 + —igIn “1 + }mwards 491. 1.07m/s 492. ’Boa

487.

q7L
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493.

(a) Helix with increasing pitch  (b) vg cos (B o) i+ (Eqod) j + vy sin (Boat)lz

2n n Eo -1 Ug BO
ta 070
Bia (€] tan (ZnnEo

(0 5 sin Byt + 2 Egar? 4 20 (1 —cos By ek (d)
0 1}

2 —-—
494, (a) ol [ 27 ) to the et (o) Ho! ”0 2r” *"2 towards the top of the page
ar \4r? - & 4r
495. L 496, o - LN 497, (@PtoQ (b)lbB,(3k~4i) (-9
V2 ™ BQR? 6b B,
498. (a) 654 x10°° T {vertically upward or outward normal to the paper)
(b) zero, zero, 8.1 x 107 N (inwards)
Hoqu I . = =2 a2 ~ , mu, A TTmMm
499, (a)—‘;—R"k (b) R =F, =2BIR{,F =4BIRi  500. {a) 230?; (b)—vox,a&
B ). B \|v, xB IL’B - . 318, .2
501. q—t) ( )E (q ) 0221 502 (a) =2 (G -0) ()2 0P (as
cos(m Go+ |~ (E) + sin B (@) 75 (j 1)()4M()
. d i ug 21 p2 M2%a%?
503. =0= s XK= X = :O Y ———
Wx=0=sx=Tgx=-p5=0 ) 552 4 R
505. () M = ch (ii)t:ﬂ(perpendicular to both M and E) 506. 0.2s
4dnm m
.2 2 R
507. 473x103T  508. (a)—EZO—’ln (L J;"z)k (b) zero
T a
509. 5ohm  510. 10 ™" volts, 5¢™1% (downwards)
511. { 10«/“A (b} 50 V2 volts (c)——hemy, 10%) Farad
s12. - YR mi 513 (0630000 (m)25°C (1224
R (R+RyR : ‘
0.4 16
514. (a) 100 volt (b) Inductor of L = == henry or — henry
T ¥
22 2 "
515. (a) 8.15volt (b) 16.3 A, @Hz 516. (a) |2 M+ COB cosa) 2mglsina
mg sin o m + Cb* B cos“ a
_ ,~21/CR
517. (@) bofeCN@ 4 _ vemy ) 1™ ) p where ¢, = teflo In (2)
21“0 (1 _ e—t/CR) e — VO on tO
> B ] B
518. [ BV | 520 20 - 521 ﬂ 1-e Rm+B%0 | gog () ZBoRQ ) BoQ
V3p B?? mg m
523. (2)-20mV (b)107 2 volt (c) 632us
i (R + 2x) 2mi? 2mMi (R + 22x)]7?
524, (a) L ,ilB R b) {1 —“_}
(@) ——— i +BI (R+2) (b)41+ 55
Ry + Rg R
B& | 3 32029 E _( CRiR ]' E -=%
525. 526. — W) Z [1-e L
2R+  AmEB+n R, ¢ 0

SRR e Syt o
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AnswerS L — - .
9 sin®, g EzLﬂ___.___. 523 JPr _ el
“K(le)whereK R uogﬂz o

: A gt #C- . BICE

529 (a)065 volt {b) 02t volf 530. 0.32A 531 (a )C3212 b} ey CBZIZ) y

2 22
FR CFR Y - _5_,’ il
‘”’» @ g7 B ®; - """“e* R+ BT
': 212 2 1/2. C fl"_.. Bz,z l (?x-H)
533 v (gx— sz 534.v= vo+ -——zm -
: sino s
535 (x)Rodmoved with ﬁermmalveloc:tyv,-—,m—qxﬁj—_r e
. mg sin &
(i) Rod moves with uniform accelerahon a= “-g—?zl.—fa |
L sin o 8212 '
(m)Rodoscﬂlatesx(t) -AlL- cosmt)whete,A—E%EI?—— ado®=—0-
0 Voms = —-‘—3-';—‘2’%6 m)m Clezformammum effcincy 537, 1= JER_ S

E_L i
R‘[ o ln(2) L1

"’“"R“’-a &2 e
m 12 volt,6e"1°' ampere (cnoc;mse) 544 3566(:5--'
545 (a) B0 30“" (counter dloclewise)  (b) - B°°2” j

546. (a) 104 As ()zero (o) 20A (d)_ 1.732x 1074 C

g _K, - g
(@ (i_) .v_, (ﬂ -—‘-E(lﬂem),wbgre K =q-?,f,—n-§.—»(11) V=

- .. mgR’ g Bor? . Bor? ‘(’Tf]‘ : ~ .
547 (i)W _(ii)E - 548, (a)—2.— (b} (l)l:i- "1-e . | o - B
(ii) tméBZR +-’—"—29—"-oosmt(anticlockWise) 549. 1.0mss, 0479,03Q, - -

§50. CmmtinwgmentAEbél-zAﬁomEbA

Current in segment BE is 2£2 A from B to E and current in segment EF is 52 AfromFtoE.

nh _ Benh _ Benh
§51. 2225¢V  552. (a)r, = ®} K, = dom (©Up=——
’ ; 4
553. Ais ;H?and Bis ,He* - 554. (1+2”2—) 555. (a) 6.25x 10 mis (b} 3.13 x 10% mys
[of
. T / ) N e—lzt -1
6.45¢V §57.Z=24 558, N,=No(1-eM)+P e+ S

.



130 Problems in H‘»‘\_’C\s
'ran:_ .' . ’—1_"
560. 1, = \'r;(; and E,, =ntic where fi= g ano & = ‘J .
pet . _h i 6 N 59 Mol G642 26 o R 2T
561 ——— 0 055% Here n=—-— aﬂ-’j o= 561 \)../,8\,% I‘1':¥ J(so. 166/ % and 8.)‘-3-3 0
327(%5}{‘ T 2n e B
564. Noe bzt 2aNo i _ o772
2
- 2 - B, 5 )
565. (a) (EC‘EO t) i + vy cos8 j—vgsin Bk where® =otandw = %‘f— ()10 mfs {c) 8.00 MeV
m, ‘o

566.

568,

570.
574.
R76.
579.
585.

586.

587.
589.
590.
591,

594.

596.
599.

600

(8] 0.73 x 10%° dps, 0.27 x 10° dps (b} 5.4 567. v=vg 1+

i}
N

[a I

3
!
/

319.984 g, 4.5712x 10? disintegrations per day ~ 569. 2.167 days

-y

€ "N

0.250{[ —%(1— | -
udt  571. 1 172,530V (B)10%s )15V

ms
72V,1.04 x10° A,3.846,3.698  575. i0° 2,1.85x10° Q
,

8
The circuit cannot be used as an amplifier. 577. Ny GZ) 578. 116 8 years

3.846 580. 055eV  581. Z=42 582, 6.947 sec

(a) 5.0 x107 (b)2x10° NIC (c) 23 eV
dNy
dt
(ii) 16.48 s (ifi) Ny =1.92x10'°, Ny =576 x 10", N = 2.32x 10"

3.847 x10*kg  588. 6.25MeV, 227.62 am.u.

(@) 2,4, -217.6eV, 1058 eV (b) 6.25x10'1.0,5.0 eV

584. (ajZ=3 (b)4052.3 nm

(l) =_}"XNX’idet—Y=xXNX—A'YNY’ ——'C'Itl'=/\.yNY

3.376 eV during combination and 3.94 and 2.64 eV after combination.

3

(a) % o~ @~ MNgle ¥] (b} 5 No,2Ny  592. 1508¢V,05 A 593. 332x10° watt

1.88x10% years  595. (a) (i) 3.4 ¢V (i) 6.63A (b) (i) 14.435 (i) 40s

(a) 10° (b)285.1 (d} 111s 597. 6,3 598. 5.95 litre
(i) Allowed values of K.E. of neutron are 6.36 eV and 0.312 eV and that of atom are 17.84 eV and 16.328 eV
(ii) 1.82 x 105 Hz, 11.67 x 10" Hz, 9.84 x 10*® Hz

(@)255ev (b)dand2 (-2 (d)0.814mis




1. (a) Given: x =4 cos 6t

6t== (1
or cos 7} (1)
y = 6sin 6t
in 6t =2 (2
or sin ; (2)
Squaring and adding (1) and (2), we get :
2 2
.V
16 36

This is the desired equation of the path of the

particle which is an ellipse.

{b) The position vector and velocity of particle
at any time t are as follows :

q A -~ ~ A

r =xi +yj =4 cos6ti + 6sin 6t j ...(3)
= dxs dys

=i+

V=% T

= - 24 sin 6t + 36 cos 6t ] ..(4)
att=n/12 or 6t=n/2

-) A -) ~

r =6j and v =-24i

- -

i.e. angle between r and v is 90°.

(c) Path of the particle is an ellipse with its
centre at origin.

Radius vector and velocity of particle at any

time t are :

=4 cos 6ti + 6 sin 6t]

e
r
-

v = — 24 sin 6t + 36 cos 6t]

and its acceleratlon would be

H A
a =%——144 cos 6t i - 216 sin 6t j

or a=-36(4cos6ti+6sin 6t j)
._9

or a=-36r
—_
. a

le.ais dlrected towards origin.

. Initially net force is 2mg (downward

resistive force at speed u is mg.

SO F, o v? (F, = resistive fc
or F, =kv?
then  mg =ku? (atv=u,F,=n
mg
or =—
ul

hence from equation (1) we get

now when the speed is v

m: %:— = - (welght + F,)

or m§2=_(mg+'_"_§,,2) e

2
or %—"ti=-(g+%«uz)=—g(l+%J
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i Problems in Ph gSquflOnS 135
solving thi ’ G
g this, we get . -  u=6x10- 03(107 = 30 m/s 5. Let s be the total displacement of the particle
= Zé and s =3(10)% - 01(10)3 = 200 i ) £ill it stops in time ;. Thseon average velocity
equation (2) can also be written as The remaining distance (400 - 200) <v>=-- (1)
dv , 200 m is covered at a constant speed of
(U —) =— (mg + M_zg . 02) Hence time taken, 30"* Given that F = - ko" » t
u .
or UdU =ds t—%:667 or ( %):—kv t4 to
v2 ) 0 Maximum retardation can be g.
-g|1+ 2 . total time taken = (10 + 6.67) = 16.67 s or oI "dy=- E .ds Let t, is the time of acceleration and t, the time
4 4. Electrostatic force (F,) on the particle is m of retardation. Then :
n k s )]
or f ds-— bav F.=gE=qlEn - or i do= = [ %ds Um _ h-1g ie 4= Om
e =qE=q(Ey - ox) vo m-<0 - t YTih-1g
1+ 1
( * uz] or m-v- % =q(Ey - ax) v = initial velocity of particle V g ie t U
. . 2-n - - -<. 2 =
solving this, we get or j mudy = qJ (Eq - ax) dx or So = mgo ..(2) 'tz g
s = ﬁ In (2 : 1 k(2-n) Now area under v-—t graph gives, the
2g n(2) or Emvz = q(Egx - 1 ax?) + C We can also write displacement. Hence
L 2 1
3. Acceleration-time graph of the car for t< 10 ) SUm (b +1p)=h
. ' = 4Us Here C is constant of integrati "\ ’ 2
will be as shown in figure. tegration. t
a (mis?) s at x=0, v=0 . C=0 gy = k dt Substituting values of t; and t, we get
4 We therefore, get o v b2 [ 1 ﬂ
2 2gx 1 0 _n o __ kit "lh-1g
6 vé = e (Eo - Eax) or jUOU ".dy= jo dt p
Veloci i mul~" or ‘ﬂ( )
elocity of particle becomes zero at x = Oand or to = 0 3) g \n-
_ 2E, k{l-n)
10 > {(s) “Ta From equations (1), (2) and (3), or = n ) (1)
Acceleration at time t s, Therefore, the desired distance is 2E, : v>= (; i ) Vo Total time t=t; + t;
= (6 - 0.6t) m/s? * 2E o or t=—"m +U_m=v_m( nv)
o dv _ 6- 069 The acceleration of the particle at x = ==0 i Given; <v>= %0 m-1)g g g \n-1
dt ) - - ‘ ¢ ' Substituting the value of v,,, from equation (1),
or dv = (6- 0.6t)dt ;eorg_ or 2—n=§ we get
m ,2 hin-1 2nh
or [ dv= _[ (6 - 0.6t) dt - or n=1 = (nn—l) - (: P (n "1)
a=£(Eo- 21:‘0) j__9Eo; 2 g g
o dl.: = (6t - 03t’) -.(1) m o m 6. Weight of the lift = Mg newton 7. Vellocity-time graph of the particle is as shown
. . L below :
or e (6t — 0.3t%) Here minus sign denotes that it is Maximum tension = nMg newton Va
instantaneously towards negative x-direction. - Net f lift = nMg — Mg = 1) M
or j ) ds =J (6t - 0.3t%) dit The particle continues to move back and ¢ Netforce on lift =nMg - Mg = {n ~ 1) Mg [Let CE=y
0 0 forth between x = 0 and x — 2E, +. Maximum acceleration ) ‘ then DF = 2y]
or s=3t2_0'1t3 (2) —a . ___A(n—l) Mg =(n__1)g . A ! | i
from equations (1) and (2) The mean position of the particle is M Lo
at t=10s x = Eqg /o (where F, = 0) Let the maximum velocity be v,,,. Figure shows X X X
€ velocity-time graph M N.t tP »t
4 2 )
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Area underv — tgraph gives the displacement.
hence

area BCNM
=%y.d+areaBENM )
$3 — S = area CDPN
= %yd +yd+areaEFPN ...(2)

Sp—-8§1 =

(1) — (2) gives :
25y -8, —s3=-y.d
or y-d=s) +s3-2s,

or y=£1+_83_;2_ V5153 (52 = /51 53)

(5, — y/s3)?
d2

or % = = slope of line AD
= acceleration
.. acceleration of particle
2
$| —+/S3.
= ——-(‘/—1 dz‘/s_a ) Proved

8. Let t; be the time of first collision. Applying
1
h= 3 g t?, we get

u=0$A

' c
gom tt @ ?
1t

c
v ts
D

} —— ]
i
l .

¢+ve

-

v

—-stf s h=ds

A to B velocity = speed = gt =10t

hence velocity-time and speed time graphs are
straight lines passing through origin with slope
g=10m/s?,

AtB t=4s
. velocity = speed = (10) (4) m/s=40m/s
kinetic energy,

=lm?=Liggee=
K 2mu 2(2)(gt)-100t2

therefore, kmetxc energy-hme graph is 3
parabola passing through origin.

K = (100)(4)? = 1600 J
B to C velocity = — (%- gt)=— 20+10¢

(v=40mjs)
speed = velocity|= 20 - 10t
AtC: velocityorspeed=0 . t,=2s

Kinetic energy, K = -;-mvz - %(2) (20 - 1082

=(20 - 101)?
C to D velocity = speed =gt =10t; t;=2s
kinetic energy = -;-mv2

= %(2)(10:)2 =100¢

AtD: speed = velocity = (10) (2) = 20 m/s
and kinetic energy K = (100) (2)? = 400 J.
The corresponding graphs are as follows

9. We know that »

v-%=a or v-dv=ads

or J';v-du=fads

Let ;Aw makes an angle o with the
perpendicular to AB (shown as dotted line in
figure).

-

Aircraft has to reach from A to B, hence v,
' -

should be along AB or components of v 4, and
-
v, perpendicular to AB should be zero.
Therefore,
200 coso. = 60cos 45° or a=77.7°

and resultant velocity of alrcraft along AB
wouldbe

Solutions 137
SOoIUToT™
v2 -
or S =area under a-s graph |vl =60 sin 45° + 200 sin &
or U= J2(area undera-s graph) = 237.87 km/hr
1 t =28 - 100 4042ty
1 val
+ 3 x2x4 Bto A
N
=2+12+6+4=24 m%s? A & et oriin i
N is the origin in this case
=2x24=4V3 m/s N
10. Ato B AN .
N,  Ua, =200 km/hr Ta'E o
Up = 200 km/he 4 J\ 45
. B AN
N \ N A Ua N \
A S N o
4 - >
N > > E Similarly, components of v,, and v,
AN a2 a0 kmme perpendicular to BA should be zero. For this
N a=777°
I . Now resultant velocity of aircraft along BA is
R —_
: [v4l=200 sin o — 60 sin 45° = 153 km/hr
AB =100 km -BA_100,
N BAT 5 7153
= 60 km/hr = velocity of wind lval
- or tgs = 0.65 hr
Vaw =200 km/hr= velocity of aircraft with . Total time of flight = t g + tga
respect to wind ' = (042 + 065) hr
V4 =0, +U,, = velocity of aircraft with respect =107 hr
to ground =642 min

11. Letv,, be the velocity of boatman with respect

to river or velocity of boatman in still water and
v, the river velocity. Velocity of raft is also v,.
Assuming river to be at rest or raft to be at rest.
The boatman will move with vy, both during its
downstream and upstream motion. Therefore
Time of upstream motion =time of down-
stream motion =1 hr.

. Total time of motion of raft = 2 hrs, In this 2
hrs, the raft moves 6 km, Hence the raft
velocity or river velocity is 3 km/hr, This can be
shown on next page :
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T

Boatman

1 hour o
< —)
1 hour

L]

Raft
Assuming river to be at rest
Boatman  u+uw  1hour

Upr = Ur

U,
Raft o~——p—o
6 km

Actual motion of boatman and raft
Alternate Solution—This problem can be
solved graphically as follows :

A

Upe + Up T—'!

t+1

~—l——-|—>
1> A i)

Vpr =0y == =
t

v~t graph of boceman
va

[ ame——
A3 i
L t{hr)

t+9)

v~t graph of raft
Displacement of boatman = Displacement of raft
A~ Ay =Aq
" O + 00 = O - 0,) B =)+ 1)
This gives t=1hour

Now displacement of raft i.e. Az is 6 km
Hence (t+1)v,=6 or 2v,=6

or v, = 3 km/r
12. Taking x and y directions as shown in figure :
Y
X
A —-)= B

Problems in Physi'e:
TN

- n - I
ap=-g91 ap=-gj
uax = 60 cos 30° = 30¥3 m/s
U,y = 60sin 30° = 30 m/s
gy =— 50cosa and ugy =50sina

Relative acceleration between the two is zeny
R

(a4 = ag). Hence the relative motion betwee,

the two is uniform.
%
Condition of collision is that u g should be

-ﬁ
along AB or up, should be along BA. This

possible only when u,y, =ugy i.e. componer
of relative velocity along y-axis should be zerg,
or 30=5Gsina
or & = sin 1{3/5)

_.)
Noew  |ugp |=usy - upy

= (30v3 + BU cosa) my/s

(30J_+50x5] (30v3 + 40) mjs

100 100
= = = 1.09
- 30J3+40 s
{uag]

therefore the particles collide after a
timet =109 s

Distance of point P from A where collision
takes place is

=\/(UAX t)2+(UAy?‘—%gtz)2

(2043 x 1,092 + (30 x 1.09 - % x 10

x 1.09 x 1.09)?
or S = 62.64m
13. Point P is the poini ot intersection of two curves
Y
A
x? = day
v
P
)
—> X

equating (1) and (2), we get
L—xtane———(1+tan29)
4a 2?2

Z[Zl—+——(1+tan G)J—xtane

so either x = O or
4qv? tan 9

v° + 2ag + 2ag tan” 0

dy
14. (a) uy=~5£ = V2gy 1)

400 m

H=

dy _+2gy _ 2
& ay  y
(g =10 m/s® anda=+5s")
or Jy-dy=2dx

or J:mm‘/;dy=2".;dx

2 m
= (y¥30m =2x

or 3
or X = 1 (400)*/2
3
8
=-x10°
or X 3 X m
or x = 2.67 km

(b) Speed of particle when it strikes the ground

will be

v= \/Ea- vf, = J(Zgy) +(a%y?)

_Solutions 139
e 2 - 5
=day or = ) = (2)(10)(400) + (5)(400)
, or v=8988mis
and y=xtan8-Z (1+tan’e) .. (2) or v~ 0.9 km/s
. 2 " 15. There is no loss of mechanical energy when the
(equation of projectile)

string hits the nail C, because the sudden
change in tension is perpendicular to the
direction of motion of the particle and
therefore, has no effect on its speed.

v D
(—_
1
i
K v
1
ce—R g
v D

'T+mg
1

P O
c

(&Y

Let v be the minimura veledity at point D
Aprplying conservation of mechanical enorgy
between points A and D

mg (3R) = —m(u - v?)

or v?=u? - 6gR -.(1)
Applying Newton’s law radially at point D

2
T+mg=m};———( 2 _ 6gR)

or T= %’-(u - 7gR)

Now T20 or u’>7gR
or Unn =V79R
16. Let R be the radius of the circle, u be its velocity

at bottommost point and % at topmost point.

Then
2
(%) =u? - 2g(2R)

3 2
4gR=2
or 4g 4u

or R=—%Eg—
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f v is its velocity at p.oint B, then

vi=u?_2 _ogl3 ¥
gR=u* Sl

2

v =242

u

ol o

At point B its tangential acceleration is

Q=g (downwards)

and radial acceleration,

Hence total acceleration will be

’ 2 f—
a=,/a?+af=g 1+(139) =g%

= (10) (-—“309} 34.8 m/s?
17. 0 g'=g+ £ %
10-6 x 108
=984+10°x10° 2
+ '001 1098 m/s
]
'- T 2” _—2
\/g— i 1098 =06
(i) Unin = 58’1

= \/5 %x1098x 1 =28.43 m/s

(iif) Ty = O at topmost point
and T,y = 6mg’ at bottommost point
=6x001x1098=6.59 N

Jov-a

Joe

18. (a) Average velocity = =0 _

[J3t - a
T 5
3 25)- L 125
2 3

5
=0.833 m/s

(towards centre)

{b) For average speed let us put, v = 0, which
gives,
t=0 and t=3sec

ljjvdt‘+“:vdtl
5

- Average speed =

Substituting the values and solving we get,
Average speed =2.63 m /s

19. After time ‘¢t position of different particles will
be zs under:

Let AB=BC=d

CI
e
d-x
From three similar triangles,
1o
v _2 _¥

d+x d-x x
Solving these three equations, we have,

v 1
=—t- = at?
y=3t 3¢

Comparing with s = ut + —é— at? we get,

v
2

Thus point B should move up with initial
velocity v/2 and downward acceleration of a/2.

20. Atthe given instant component of U, U, along BA

isu = v cos 8. This is basizally the rate by which
%i;tance ‘r' between A and B is decreasing.
us,

us= and acceleration = - % a

(u-vcos6)=—5 (1)

.
.
.
.
.

Solutions 141
Further,
Component of relative velocity i Q
do _ perpendicular to AB T
dat distance AB ., {600 mis
or 48 _vsin® (2)
dt r 0=60°
Dividing (1) by (2), we have < 3 >
dr _r(u-vcosH) 1
" d0  wvsin® t_600x—2-—250 55
_i (u—-vcosH) do 10
v sin @ =(usin9)t—%gt2
dr u-vcosb
-—= de
o J I’”Z( vsin @ ) =600x§x5-—;-x10x25
Solving this equation we get the desired relation. - T
21. In the time when the boat moves from Oto P, H =1500/3 - 125
the displacement perpendicular to OP will = H=2473m
zfre;)r; (L).ettot;e:tme taken by the boat to move 23. For 6 =30°=" radian
' P(x, y) 6
=052 = t=1023s
r=3-04(1023%=258m
dr
Resultant of u and v should be along OP. & - 23-04r)=-08t
Therefore, their components perpendicular to dr
OP should cancel each other. Hence, or p =-(0.8)(1.023) = - 0818 m/s
usina—vsmB ) y (att=1023s)
sinp=Lsina==- de =
v v v,X E—t (6-05t2)
1 de -
B =sin" lu J or Z =1023rad/s (att=1.0235s)
oP Now two components of velocity of B at
Further, t= 6=n/6 or t=1023sare -

vcosP —-ucosa

Here, a= sin? y
<2+t

afu ]

and B=sin" |_v smaJ

22, [f it is being hit then
d=v¢;t+%at2 =(u cosB)t

ucosd-v,

t=
o : a/2

ur=%——0.818m/5

and vy = (%g) (2.58) (1023) = 264 m/s

~. Resultant velocity of B is
Vg

vg=2.64 m/s
o] = 0.818mJs -




142

Problems in Physicg*

v= vl +03 = /(08187 + (264)2

b =276 m/s
v 264
tang =0 = 24 _ 553
R PY R T TS
or o=728°

Therefore, velocity of collar B at the given
instant is 276 m/s at an angle o = 72.8° with
OA in the direction shown in figure.

24. Point B moves with the same velocity and
acceleration as A.

Y B?

T M

307

—» X
Assuming the cam to be at rest and the point A
of the rod follower to slide up the circular path
with the x-component of velocity - 5 cmy/s and
x-component of acceieration — 10 em/s?, the
equation of the path, then being

x? + y? = (302
Differentiating it with respect io time ¢

dx d

Here  x=30sin30°=15cm
and v =30c0s30° = 26 cm
From equation (1) -

dy _ x dx

d y d

dy
dt

Which must be velocity of A and B (upwards)
Differentiating (1) with respect to time ¢ once
again, we get

(e (2

() E ) (6]

or

- _[15 -
= (26)(-5)—248_8 cm/s

Substituting the vakie we ge!
izz]._._ [(13)(-10) + (57 + (2887 ]
dat ) | 26
= 4.5 cm/s?

This is alsc the acceleration of A and B
(upwards).
25. Rod AB s lying along x-axis and rod CD along

linex=y.
Y
D Vg
v /'
A’ N 7
________ ——fa -B
M45"45° 70
4 LX
A 45 P B
AN
4
/’ v
4
C e
s
;s
4
¢

g A
Velocity of rod AB is v =yj i.e. it is moving
along positive y-direction. Similarly veiocity of

h

rod CD is im -2 i.e. it is moving in the
«/—é JE} g

direction shown in figure with speed v. After
time i,

0Q =t
OP = OQsec 45° = /2 vt
similarly OM =ut
and  ON = OM sec 45° = /2 vt
hence

0O’ = /(OP)? + (ON)? + 2(OP)(ON) cos 45°

- \/202t2 + 202 & 2 20) (W Pt) (%)

00 =ut\/4 + 22

velocity of point of intersection is

O _, 4+2J2=261v

Vo =

at bisector of ON and OP or at an angle of
9292 RO tniith nAcititm v avinc

26.

217.

143

- ~ ~
or v, =v{241i + J)
Accelerating force
Foet or
and retarding force
Fpex or Fy=x
constant of proportionality being 1 in both the

cases.
hence Fu=F-F=t-x

Fl’—:t

or a=t-x ..(1) (mass=1kg)
differentiating equation (1) w.r.t. time, we get
da_,_d
dt dt
d%
—=1-v ...{2)
or ™
Now, let us assume
V=1-v ...{3)
& _dv
o at?  dt?
Equation (2} can be written as
d*v
=-V ...(4)
dt?
comparing this with standard equation of
d2v 2
HM. ie —5=-0V
S ie 72

V will oscillate simple harmonically with
angular frequency @ = 1rad/s
also at time t=0,v=0,
[from equation (3)]

V=cost or 1-v=cost

hence V=1

or v=1-cost or %’:—=1—cost

or J';dx=j;(1—cost)dt

or x=t-sint
The given equation ie. x=Acoswt is an
equation of SHM. Let T be the time period of

SHM. Then distance travelled by the particle is
¢ A’ during the time 7/4 starting from extreme

position or mean pesition. therzfore, we may
write :

t=t +ty where t; =nT/4
here n=0123..
and th < g— or ty=(t—nT/4)

now two cases arise :
Case 1 : When nis even-Sayn=0,2,4...

In this case, particle will be in its exireme
position in time t;. Hence distance travelled in
time t would be
S$=8 + 8o
and s, = distance travelled in time ¢, from
extreme position.
=A- Acos 0‘2

=A—Acos(u)t—£21£)

nT _21t
{t2=t— —4—, and T —-;n—}

where s; =nA

nw
s=nA+ A~ A cos (wt— ——2—)

= Arn +1- cos(mt- ﬂ)]

i 2)]
Case 2 : When nis odd-Sayn=1,35....
In this case, particle will be in its mean position
in time ¢;. Hence

s=85+8p

where s; =nA and s, = distance travelled in
time t, from mean position.

=Asinmt2=Asin(wt—-r-]2£)

s=nA+Asin(mt—’—%t—)

or s=A{n+sin[mt~%)]

Hence s=A[n+l—c<.:s(mt——"2—n)}

when n is even
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and s=A[n+sln( -%)]

when n is odd.
- - .
28. (i) vy =ui Vg =uj
Let at any time t, coordinates of point A and B
be (X, 0)and (0, Y) respectively.

and

Y
B
C
, A — X
Then coordinates of point C (x, y) will be
X dx 1dX u

X=— or ——==-= =_
2 d za & 73
Y dy 1 u

andy=— or L=22_ ==
2 d 2d O T3
Hence velocity of C would be
—)
UC=§f+%}

Velocity of C with respect to A is
e . U~
UCA-Uc—vA=——i+§j ...(1)

u

or veal = —=
Velocity of C with respect to B will be

- u ui-

UCB—_Z-'_EJ -~-(2)
From (1) and (2) we see that

- -

Vca==0cp

(ii) At points M and N, acceleration of the

particle moving on the circle x% + v? =1
with constant speed v is parallel to the line
x+y=0This is its centripety
acceleration which acts towards centre,
Velocity of particle at M and N is

U =_L'¢_—U_‘)
ﬁ
and v =_U_l:\+_l)_'\
N «/E \/EJ
- 5 S5 v . b
- o5 - b v X
and UW—UM—UB——Ei+(—-—J§-—u)]
- -
We can show that  |vp|=|vpg)

Similarly we can prove that

(iii) Magnitude of velocity of C is —-

29. (a)

_)
|vnal=|ung]

E.
Therefore, the maximum value of relative
velocity of P with respect to C will be

u
v+ﬁ, when P and C are moving in

opposite direction. But this value is given
to be equal to u. Hence -

u 1
4+ —=u = 1 -
G a3
_) .
Let v, be the velocity of boatman relative
- -

to river, v, the velocity of river and v, is the
absolute velocity of boatman. Then

30.

This is the desired equation of trajectory.
(b) Time taken to cross the river is

t= —‘-l— = 2

v, v
(c) When the boatman reaches the opposite
side, x =aorv, = 0 (from equation 1)

Hence resultant velocity of boatman is v
along positive x-axis or due east.
(d) From equation (3)

atx = a (at opposite bank)

Hence displacement of boatman will be
- . —>

P RN
exitui ai+ 2
s =xi+yj or 3 j
> [ E-1]
(a) Given |uvg|=vg [ V3~ J
and ) | 2,
B
i
v y
w AN Ty |
! X
vy
[}
- >
Resultant velocity of boatman should be along

_)
AB or perpendicular to AB components of v

31.

Solutions 145
- - -
Given; |v,|=v and |v,|=u and vy should be zero. Hence
Now u=uy=cj—‘i)=x(a—x)% (1 vcosa=vR 51
dx ? or {2vg) cosa =uvg [1 + J
and v=v,=—=0 ...(2) w
dt -1
Dividing (1) by (2), we get + ” y
- or cos O, =
_q;i=x(a;x) or dy=x(azx)dx 2
dx a Therefore, resultant velocity along AB is
y x x(a - x) o
or Jody:jo =z dx zy—vsma
2 3 or Y (2vg) sin
or y_x_.__"_ ..(3) dt
2a 3a?

_ (2ug) 4w’ — {w + (W3 - 1y}
B 2w

- {w+ W3 -1y

=Y [4,2
—wJ4w

w dy Yo g
Orj°\/4w2-{w+(d§—1>y}2 wlo

solving this, we get
wn

~ 663 - Do,
for integration, apply

f J’— -t (£]
(b) When the boatman reaches the opposite
bank :
y=w or uUg =\/§UO or v CosO. =Ug

Hence, (2v9) cos o = V3 vy
or cosa=§ or o=230°
Hence resultant velocity wi!l be

v, =vsina= (2v,) sin 30°
or Uy =0y

Let —;; makes an angle 8 with the line CD (a

line perpendicular to AB).
- o o
Uap O U4 - Up is along AB i.e. components of

__)
v 45 perpendicular to AB or along CD is zero.
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Hence v Ccos0 =20 cosf
or coso. =2 cos 8 (1)
In triangle OAB

sino _ sin (180° - 9)

CD1AB

or sinoz=iin—e .(2)

Squaring and adding (1) and (2) we get
1=4 cos’0 + % sin%0
or 4 =16 cos?0 + (1 - cos?6)

or 15c0s’8=3 or cos():i

V5

or CcoS O = —\/2? [from Eq. (1)]
or cota=2 or a=cot(2)

32. u, =ucos9, u,=usin®

a,=-gsine, a,=-gcosa

Atpoint A:s, =h and v,=0
hence vg = uf + 20ysy

or 0=(usin9)2—29cos(x~h

2.2
or p = Uosin?8 (1)
2g cosa
At point B
(i v, =0=u, +a,t=(ucosB) - (g sina)t
, ucos
or P=—
gsino

‘(ii) s},z—h=uyt+—;-ayt2

or h=—(uyt+%aytz).

or h=-—f—usin9-uc_ise
| gsino
1 _ [ucos@ 2]
-—gcosa|-— J (2)
2 gsina

equating (1) and (2}, we get the desired result
ie.,
tan 0= (v2 - 1) cot
33. Let a be the side of hexagon and the particle is
projected from origin O with an initial velocity

u at an angle 6 with horizontal as shown in
figure.

1
1
1

0G T
OJ=R {range of the projectile)
V3a

BG=EH=asin60°=—2—

=R—a-—20cos60°
2

oG

_ R - 2a
2
therefore coordinates of B and C would be

BE(R'ZZ",%), cs(ﬁg—a,\/ﬁa)

solutions 147
equation of projectile in terms of R can be o = B +F
written as 172 4
y=x(1—i)tan9 ...(1) 2usin(E+E—B)
R T = 2 4
)=
Satisfying co-ordinates of BandC with g cosP
equation (1) we can find that 20 sin (-Z_ _ %)
cos9 = -:-3_ = . (4)
31 g cosP
Now, Ume __ 4 __ 1 _ 3 Similarly, time period of particle projected
" v, ucos® cos9 3 down the plane is

34. (a) The maximum range up the plane is

u2

T g +sinp)

where u = initial speed of particle and

B = angle of inclination of plane.
Similarly the maximum range down the plane
is

1)

R,

u2

“g-sinp)

and maximum range on ground is
2
rR=%L ..(3)
g

R, (2)

Given that
R +R,=2(R+R)=4R
u? + u? _il.f_
g{l+sinB) g(l-sinB) g
1 1
+ =
l+sinp 1-sinP

or

2

or ————=4 or —5—=
cos“ P

or cosp=— .. B=45°

(b) Time period of particle projected up the
plane is
T, = 2u sin (0 — PB)
=2 LT H
g cosf
where o, =angle of initial velocity with
horizontal *
For maximum range

35.

_ 2usin (o + )
" gcosB

where o, =angle of initial velocity with
horizontal.
For maximum range

T,

_t B
*25372
N\
2usm(£—9-+ BJ
Hence T, = 4 2
z g cosP
2usin(g—+g)
To=z— " 27 ...(56
2 g oosb (5)
Givehthat,

T, - T; = 2 second

or 2u 5 [sin {n/4 + P/2)

g cos
- sin (n/4 - B/2)]=2
Substituting B = 45° or %
We get
gcos(m/4)
(sin E’E - sin E)
8 8
or u=128 m/s

(a) Since the resultant velocity is always
perpendicular to the line joining boat and
R, the boat is moving in a circle of radius
2m and centre at R.

(b) Drifting = Qs = /40’ — 0% = V3o.
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R
0! 20
Qs// S
P

(c} Suppose at any arbitrary time, the boat is
at point B,

U, =20 cos0
d8 _ v, _vcos8

dt 20 ®
4 ®
or ;sece do = dt

J(; dt=%)—j:msec6.d9

t= % [In (sec 6 + tan 6)1""

or . 13170
v

quation of trajectory of the body as a
projectile is,

36.

Y =xtan 45° — 10 x?
2x (10)? cos? 45°
2
or = X
y=x-—
10 (1)
Equation of the inclined roof as a straight line is,
=-{tan45°)x +h
or y=h-x -(2)
Solving (1) and (2) for the point of intersection,
we get :

37.

2

X
X =h-
*- 0 X

X2
or T6_2x+h=0 3
This is in the form,

ax?+bx+¢c=0
Body just touches the roof only when therej
only one point of intersection and this

possible only when equation (3) has only on
root.

b?-4ac=0
4h
or 4-—=0
10
h=10m

Let us take the origin as shown in figure. Mi
point of CD is the origin O. Since the path i
parabolic, let the equation be,

v>=m(x + b) L

Here m and b are unknowns. From geometry
we can see that

D= (0, %) and E ;.[%, a)

These co-ordinates should satisfy equation (1).
So we can find,

V3a

m=—— and b=L

2 243

.. Equation of parabola should be

2_V3af ., a
ye= 3 (x+2J§) 2

Ground'
leve! 10m
2
gx
=x tan 0 = —5——5—
Y 2u? cos? 8
Substituting the values,
y =1.33x - 0.0113x? (1)

Slope of line MN is 1 and it passes through
point (110 m, 0). Hence the equation of this
line can be written as,
y=x-110 . (2)

Point of intersection of two curves is say P.
Solving (1) and (2) we get positive value of y
equalto 4.5m,
lLe, yp =45
Height of one step is 1 m. Hence, the ball will
collide somewhere between y=4m and
y = 5 m. Which comes out to be 6th step.

39. Vg cosOxt=2 (1)

uoslnext—%gtz+—12-gt2=10

= vysinBxt=10 ..(2)
From equation (1) and (2)
vocosf=1
Vo sin@=5
tan6=>5

so/lutio_fi 149
Now if R be the range (= GH), the co-ordinates vy =26 ms™?
of H= (OI s g—) or (\/ga, g—) will satisfy the " and 0 = tan~! 5 with x-axis.

R 40. If they meet a distance ‘x’ from ‘ C’, we have
above equation. Putting x = J3aandy = 2 in (20, sin 8) £ = x ()
above equation we get, and (4d — x) = vt ...(2)

R=+a or = 4d
38. Equation of ball, bo (L +2sin®)
y A N from (1) and (2)

Also we have,

dtan6+(200cose)t-—12—gt2=0

Substituting value of ' t', we get
8d cos® _ 8gd®
1+2sin6 v (1+2sin6)°
8gd
{1+ 2sin6)[8cos6t
+tan 6 (1 + 2 sin 6)] '

= b= 8ad
0 (1 + 2 sin 6) [8 cos 6t
+ tan B (1 + 2 sin 0)]

41. Let the projectile strikes the circular path at
(x, y) and ‘A’ to be taken as origin. From the
figure co-ordinates of the centre of the circular
path is (300, 150). Then the equation of the
cirgular path is

A

dtan9 +

or vi=

300m
(x - 300)2 + (v - 1502 = (150°  ...(1)

and the equation of the trajectory is
2

1 gx
= x tal 30° - = ————5—
y=xian 2 (682 cos? 30°
x 2x%g
=X _2x7g .2
Y=73 o248 (@)

From Eqgs. (1) and (2) we get
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x=373m; y=1875m

Note; 'Had there been no solution, the pro;ectnle would
- -not strike the circular part. B

42. Young’s modulus of elasticity is given by,
stress F/A FL FL

_strain—l/_L_ﬁ_l[ndz)
4

Substituting the values, we get

- 50x1.1x4
(1.25%x 103 x 1t x (5.0 x 107%)?
=224 x 10" N/m?
Now, &Y _Al Al ,Ad
1 d
_ (ﬂ) . (0.001) 4 o{0:001
110) \0.125 0.05
= 0.0489
AY = (0.0489)Y
=(0.0489) x (2.24 x 10"') N/m?
=1.09x 10'° N/m?
43. Least count of screw gauge
1 mm
= W =0.01 mm

Diameter of wire
=(1+47 x0.01) mm =1.47 mm

Curved surface area (in cm?) = (2n) (%) (L)

S=ndL
= (m) (1.47 x 107! (5.6) cm?
. =25848 cm?
Rounding off to two significant digits
S=2.6cm?
44. (N +1) divisions on the vemnier scale

= N divisions on main scale
- 1 division on vernier scale

_ N ... .
= divisions on main scale
N+1

Each division on the main scale is of a units.

N
~ 1 division on vemier scale =
vernier scale (N+1)am&

=a’ (say)
Least count = 1 main scale division
~ 1 vernier scale divisig,

— ’ ) N a
=g-ada'=a- a=-—-_
N+1 N+]

45. (a) Let A stands for trolley and B for ball.
Uga, = X-component of B relative to A

andvg,, = y-component of Brelative to A

Relative velocity of B with respect to A(E’M
should be along OA for the ball to hit the

trolley. Hence D, will make an angle o
45° with positive x-axis.

or 6 = 45°
(b) tan § = 2 = tan 45°
VgAx
Upax
or Ugay = Upax )
Further vgs, =vg, — V4,
or Upax =g — 0
or Upay = Upy ..(2)
Also UBAy =UBy —UAy
Bay =V, — (V3 1) (3
tan ¢ = -2 '

Upy
or vp, = Up, tan ¢ .4
From Eqgs. (1), (2), (3) and (4) we get

+3-1)
or =

«3-1)
and vBy=tan¢_1-tan¢ ...(6)

_40 _4
3 "5(45 )=

speed of ball with respect to surface

Solutions
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vB=\}v§x+v§y
V3 - 1
tancp
='w/§-1
tan ¢ -
substituting ¢ = 60°, we get
v f3-1
B~ fn 60° - 1
_3-1
“B-1
UB:-'Zl'n/S

46. Let ‘t’ be the time after which the stone hits the
object and 8 be the angle which the velocity

1+tan?¢

sec ¢

— "~ _sec60°

__.)
vector u makes with horizontal. According to
question, we have following three conditions
(i) Vertical displacement of stone is 1.25 m

1.25 = {u sin O)t — % gt

where g =10 m/s?

or (u sin 8) t = 1.25 + 5¢2 (1)
(ii) Horizontal displacement of stone =3+
displacement of object A

. (U cos())‘t=3+%at2 where a=15m/s?

or (u oos())t=3+0.75!f2 ...{2)

(iii) Horizontal component of velocity (of stone)
= vertical component (because velocity
vector is inclined at 45° with horizontal)

{u cos8) =
(The right hand side is written gt—usin®
because the stone is in its downward motion.

Therefore, gt>usin®. In upward motion
u sin 8> gt). Multiplying equation (3) with t, we

can write

(u cos @) t + (u sin 8) t = 10 ..(4)
Now (4)-(2)~(1) gives [Equation {4) minus (2)
minus (1)]

49542 _495=0 or t=1s

gt — (u sin 0) ...{3)-

47.

Substituting t = 1s in (1) and (2), we get
usin8=625m/s or u,=625m/s
and ucos8=375m/s or u, =375m/s

B 2

therefore, U =u,d +uyj

- a N
or u=(3751+6.25 jm/s

Most of the problems of projectile motion are
easily solved by breaking the motion of the
particle in two suitable mutually perpendicular
directions, say x and y. Find u,, u,, a, and a,
and then apply

v, =u, + a8

1
Sy = uyt + 5 ayt2 etc.

(a) Given F(x) = - a"f

here k and x? are always positive hence F is
always negative (whether x is positive or
negative}

B Fx) A
— @ < —@
x=0 x=05m x=1.0m
v=v t=0
v=0
(x):f_gc_)
m
substituting the values, we have
a= _k = - 10—2 =—_1_
omx?  2x10%xx?  2x?
or U-£=——— or udu=_l_d£
dx 2 2 52
v 1 ¢x=05dx
or jovdv=—§Ix=1.o',(_2
2 x =05
or "——l(l) (1)
2 2 x=10
p2 f1 1]
s =05~ 10]

or v =10 orv=+10m/s

so v = -1.0 m/s (because velocity is along
negative X-direction)
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(b) To find velocity of particle at x =x
equation (1) can be written as

or vl = l__l_)=1—x
x 10 X
or v=(—%)= 1-x
x
or J' &dx=—jdt
0.25 X t
or Jll l_xdx— _Iodt

solving this, we gett = 1.48 s

Note: For integration make the substitution x = sin? 6

48. (a) Accelerations of particle and box are

shown in figures (a} and (b).

b

Acceleration of particle with respect to box
= acceleration of particle - acceleration o " block

=(gsin®i +g cos8J) - (g sin6){
=gcosef

Now motion of particle with respect to box will
be a projectile as shown in figure (c).

Problems in Physics

The only difference is that g will be replaced by
gcosO

2 .
PQ:range(R):M
g cos6
PQ = u? sin 20
g coso

(b) Horizontal displacement of particle with
respect to ground is zero. This implies that
initial velocity of particle with respect to
ground is in vertical direction or there is no
horizontal component of the absolute
velocity of the particle.

Velocity of particle with respect to box
(figure d)

u sin (a+8)

o
=ucos (o +6) +usin (o +6)]
velocity of box =~ v cos8i - v sin 6 ]

Herev is the velocity of the box down the plane
(figure e). Then

velocity of particle with respect to ground
= {u cos (0. + 6) - v cos 6} |

+{usin (¢ +6)-vsin6}]

49.

This is the absolute velocity of stone (with
respect to ground). At highest point of its
trajectory, the vertical component of its
velocity (v,) will become zero, whereas the x
and y components will remain unchanged.
Therefore, velocity of stone at highest point will
be

q ~ A
v ={&i + 3f) m/s
or speed at highest point,

-
ve|v|=4(4)?+(3)2 mis=5m/s

Now applying law of conservation of linear
momentum, Letuvg be the velocity of combined
mass after collision. Then

mv =(2m)vg
vo=2=2 mis=25ms
2 2

.. Speed of combined mass just after

collision is 2.5 m/s.

(i) Tension in the string becomes zero at
horizontal position. It implies that velocity

of combined T=0
mass also v=0
becomes zero

in  horizontal

position. w=25ms

Arnluina

solutions 153
Soti™>
Now as we said earlier that horizontal conservation of energy, we have
Compcfment of absolute velocity should be zero. 0= 002 —2gL
Theretore,
ucos(u+6)—vcos8=0 —UL—(—Z'SL—O.SZm
23  2(98)
_ucos (o +6) d the vl
or = T cos 0 (down the plane) Hence length of the string is 0.32 m.
(i) Let i, j and k be the unit vectors along x, y u=5/3m/s
and z directions respectively. Given 1
- . u cos 60° = (54/3) (—)_m/s
Vcat =41 m/fs 2
- " =
. stone, cant = {6 5in 30°) ] + (6 cos 30°) & 253 mis
=(3] +3J3k) m/s and u sin 60° = (5+/3) (—‘/ZEJ m/s =7.5m/s
- - -
U stone = U stone, cart + U cart
=(4f + 3] + 3J3k) m/s

I.h
Iy=10—h
» X

Since the horizontal displacement of both the
shots are equal, the second should be fired
early because its horizontal component of
velocity u cos 60° or 2.5v3 m/s is less than the

other's which is u or 5v3 m/s.

Now let first shot takes t; time to reach the point
P and the second shot takes time t,. Then

x =(ucos60°).tp =u.b
or x=25V3.t,=5J3 1 (1)

oY tz = 2t1 -~'(2)
and h= (usm60°)t2-%gr§ =%gt12

ot

10m

0

or h=%gt§—(usin60°)tg=

Taking g =10 m/s
h=58-75t=5¢  ..@3)
Substituting ¢, = 2t; in equation (3), we get
5(2t)% — 7.5(24,) = 5t
or 1542=154 =  =0and1s
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T —
Hence t =1sand t, =2t = 2s Sms_ ¢ Une = ~ 10 mys
. x=5/34=53m & vy =0
. Uy = 5 m/

(From equation g) 1omys | V3 "Z — 53 fn/s
and h=54°=51%=5m Ar—> 10m/s
(From equation 3) I

vy=10-h=(10-5=5m

Hence
(a) Time interval between the firings
=t,—-h=2-1)s
At=1s

{b) Coordinates of point
P=(x,y)=(5+3 m, 5 m)

51. (i) Acceleration of A and C both is 9.8 m/s

downwards. Therefore, relative acceler-
aton between them is zero i.e. the relative
motion between them will be uniform.
Now assuming A to be at rest, the
condition of collision will be that

- B e

Uea =Uc ~ U, = relative velocity of C
w.r.t. A, should be along CA

vca)y AE d

or Yoy ~lay _10
Uck —Up d

53-0 10

or ===
5~(-100 d

d=10/3m=1732m

(i} Time of collision,
AC

.—)
i vecal
—_—

| v cal = Joear + 0es,

= {5~ (10} + {53 - 0}
=10J3 m/s
CA =107 + (10V3)2 = 20 m
20 2
1043 V3
Horizontal (or x) compenent of inomentum of

A, ie., pa =mug =-10m. Similarly, x
component of momentum of C i.e.

t=

Pcx = (2myc,
=(2m)(5)=+10m
Since Pax + Pcc =0
Uex EC
A . A ;— .
p 2, &
If; ]
] = g
|
1
]

S e R e Al s X XY

e dy —— e ;-

i.e. x-component of momentum of combined
mass after collision will also be zero, i.e. the
combined mass will have the momentum or
velocity in vertical or y-direction only.

Hence the combined mass will fall at point F
just below the point of collision P.
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Solutions
2
Here  dy=|Wa)]t Hence  4Mg cos 60° = —W\'I’ W
2
=(10)—==1155m
( V3 or v?2=9= -539
d, =(d - dy) 0 2
=(1732-1155m =577 m (as] =—§-mandg=10mlsz) ' ..(2)
d, should also be equ.;al to Ao o= V2 _ 2gh
Vel t=(5) (——) =577m
loe V3 or 2=V2- _2g(gl)
Therefore, position where the objects hit . o
the ground from B is d, i.e. 11.55 m and or vZ = V2 - 3(10) (_)
from D is d, or 5.77 m. 3
52. {a) At the highest point, velocity of bullet is or v2=VvZ2-100 ...{3)
50 cos8. So by conservation of linear Solving (1), (2) and (3) we get
momentury cos8=086 or 06=30°
- i (b)x__._‘.angezl(u sin J
=] (1 + cos 60°) 2 2 g
=3
‘ 7l __50><50)<‘v/§
L T 2x10x2
) =10825m
2 .2
u“sin“@
> y = H =
X %
M(50 cos 6) = 4MV =50x50x1
2x10x4
V=(£O-)cose ...(1)
4 =3125m

AtpointB, T=0but vz0

Hence the desired
(108.25 m, 31.25 m)

coordinates are



Solutions
QoY
55. Free body diagram of pulley A is shown in

53. (a) Let g and a; be the accelerations of the

54.

two men in upward direction, and T the
tension in the rope. Then

T -Mg=Mq, (1)
and T-(M+mlg=(M +m)a, ...(2)
Subtracting (2) from (1) we get

M mg
or a = -
2 (M-{-m)al M+m 92<a

hence the lighter man will reach the

pulley first.

(b) The lighter man ascends a distance h in
time t with acceleration a;. Hence

1
h =§alt2 .(3)

Let s be the distance travelled by the heavier
man in this time £, then

_El M a - g
2|M+m ' M+m

=2(TtinT)[M(&2)'."’g]

—=—— [2Mh - mgt?]

(M+ m)

The distance of the second man from the
pulley =h - s

=h- 3 (M )[2Mh mgt?]
-1 mgt®
Mem [Mh +mh - Mh+—=_ ]

__m g

(M+m)[ 2 ”'}

Let acceleration of block 1 and pulley P,
relative to ground is x in the directions shown

in figure. Similarly,
acceleration of block
4 and pulley P,
relative to pulley P, is
y and acceleration of
block 2 and block 3
relative to pulley P; is
2,

Then
absolute acceleration
oflisg; =x

absolute acceleration
of2isa;=y+z-x
absolute acceleration
of 3is

Gy=-2z+y-x
and absolute accele- ration of 4 is
a=-x-y
Now given that
gy =0p - dy = — 1 m/s?

or y+z-2x=-1 ..(1)
a3 = a3 - gy = - 5 m/s?

or y-2-2x=-5 w(2)
Gy =a3-0a4=0

or 2y-2=0 : «..{3)

Solving these three equations we find
x=2m/s?, y=1m/s®

and z =2 m/s?

or a; = 2 m/s® (upwards)
a; = 1 m/s? (upwards)
as = -3 m/s®* (downwards)
a,=-3 m/s> (downwards)
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figure (a)

T1 TZ Yy

1000 x 10 = 10,000 N
(@

T3 Ta

T2
(b)

Letr, = radius of pulley A
Equilibrium of moments about centre of pulley
gives

Tyra-Tara=0
or T, =T, ...(1)
LF,=0
Hence T, +T,=10,000N ...{2)
Solving (1) and (2), we get
T, =T, =5000N ...(3)
Free body diagram of pulley B is shown in
figure (b)
In the similar manner we can find that
=T4=-T21=2500N (@)

Free body diagram of pulley C is shown in
figure (c).
Moment equilibrium requires that

F =T; =2500 N
Now F, =F cos60° = 1250 N
and Fy=T;- F sin 60°
= 2500 - 2500%?:— =335N

magnitude of total force on the bearing of
pulley Cis \[FZ + FZ or 1294 N.

Xg

Ll XA+XE +(XE XD)+C1 ...(1)
Here L, = length of string 1
and C; = length of string 1 over pulleys.
Differentiating equation (1) twice with respect
to time, we get

O=ay +2ag —ap ..-(2)
Similarly

Ly=2xp+xc+Cy
or 0=2ap +a¢ (3

Multiplying equation (2) by 2 and then adding
with equation (3), we get
dag +2a,+ac=0 -
but ag =ag
Hence 2a, +4ag +ac=0

57. In the figure we can see that

4x + 3y = constant

Differentiating this with respect to time,
we have

LI
dt

. o5

Here negative sign implies that as x decreases y
increases.
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Hence v, =3vp or h=R (cos 8- l) (1)
3 2 v
or Ua=—Ug -.(1)
4 Velocity of bead in this position would be
= 32—(2) m/s=15m/s

58.

Hence wvgy =vg-v,

=(20-15m/s = 0.5 m/s
(towards right)
Differentiating (1) with respect to time, we get

a, = 3 ag = (g) (3) m/s? = 2.25 mys?

4
Hence agy=ag-a,
=(3.0 - 225) m/s®
or  agy =0.75m/s? (towards right)
Velocity of point C:

——  Up

vg=Ug =2m/s (towards right)
Let velocity of C is v {towards right)
Then Wy -ve=0q
or 215 -v-=2
Hence ve=1m/s {towards right)
Extension in the spring,

Hence spring force,

()

Free body diagram of the bead at angle 6 is
shown in figure.

Here  h=R(cos8 - cos 60°)

v? = 2gh =»29R (cos 6~ %) ...{2)

2
Further F+ N-mg c059=m?v

{
-, %g—+N—mg cos 0 = Zing Lcose——;—)

1
N =3mg|cos - —
g( ® 2)

Tangential acceleration of the bead will be
mgsing - -
a,=———=gsin b
m
At 8=60°,N=0 and a,=£§’g

andat9=0°,N=3—';§ and a,=0

Hence N and q, varies with 9 as :

59. Let R be the radius of the disc.
When F is maximum, frictional force at A and

1 1
BareENA andENB.

Weight W=50x 10=500 N

Taking moments about axes through A, B and
O (which are not collinear) we have

sqmtions
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. EMA_z
3R 1.
or F(E—)‘* NgR - §I\BR
_500V3 5 (1)
2
ZMB=0
or F(R+R§)+5005-NAR
N 2 2
INR=0 ..2)
-5 NaR =
XMO=
o FR-gNBR-2NgR=0  ..3)

From equation (1)
Ng = 500v3 - 3F
From equation (2) -
3N,=500+F(3+2)

and from equation (3)
2F =N, + Ng
Hence 2F-_7%(500+2F+«/§F)
+500V3 - 3F
o F=(11 +820J§)500
or F=275N

60. Let T, and T, be the tensions in the strings as
shown in figure. Then
2y=F or 2T, =20t
or T, =10t (1)

and 25, =T
o T, =5t (2}
Block A starts moving up at
Ty =mag
or 10t=10 ort=1s
Block B starts moving up at
Ty =mpgg
or 5t=20 or t=4s
and block C starts moving up at
Ty=mcg
or 5t=10 or t=2s

Acceleration of block C at any time t2 2 s is

=T.2.:1'_"§.=(5t-10)

[~

dv,
—< =(5t- 10
or 2 ( )

ve . t _
or [ “du.=[,(5t-10at

’ 52 7
or ve=|—-10t
277,
or ve =252 - 10t +10 ...(3)

Substitutingv = 2.5 m/sin the above equation
3)

wegett=3s.

Fortime t 2 1 svelocity of block A can be found

as follows :

a,=11=ma8 _ 10t -10)
m
A
dv,
—A4=-(10t-10
or " ( )
or dUA = (]-Ot" 10) dt

velocity at time t = 3 swill be
vaA _ 3 _
I dv, = [ (10t~ 10) dt

or v, =[5 -10tF or v,=20m/s
Velucity of block B at time t=3s is zero
because it starts moving up at t= 4 s. Hence

relative velocity between blocks B and A
at the desired instant is 20 m/s.
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61. Maximum velocity of belt

= (L3)(2) m/s = 2.6 m/s.

The velocity-time graph of the belt till it comes
to rest is shown in figure.

v (m/s)

26 f---

113 > t(s)
%8

Total displacement of belt is 2.2 m.

Hence area under velocity-time graph should
be2.2m

1
or 3 (tp)(2.6) =

or tg=1692s

Hence the time of retardation will be
t=1£,-13=1692-13
t=0392s

and retardation of belt,

m/2—663m/s

2= 0392

Now during acceleration, there will be no

relative motion between the block and the belt

because
g = (0.35) x 10 m/s?

=35 m/s®> 2.0 m/s?

But during retardation, there will be relative
motion between the two, because

Hsg = 35m/s? < 6,63 m/s?

Hence relative acceleration between the two
will be

a, =(6.63 - p,g) m/s®
a, = (663 - 2.5) m/s? = 413 m/s

Hence relative displacement between the two
is

1 1
=2af=-1na 2
5 a, 5 (4.13)(0.392)
$=0317m

62. When there is no tendency to slip, no frictiom

63.

force acts. Hence

. 28)
Nsm9=m2(00) -l
and Ncos®=mg _ (g
dividing (1) by (2), we get
tan 6 = 04 w3

At speed 35 m/s, car has a tendency to slip up

the track. Hence frictional force will act down
the plane.
Therefore,
. ) m(35)°
N 0+ 0= ...(4
sin 6 + uN’ cos 200 {4
and

N’ cos0 — uN’ sin®=mg ...(5

solving (3), (4) and (5), we get
pu=10.18 .

Force diagram on right hand side and on left
hand side at all instants is same.
T T

(2+8)yg 109

solutions
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Hence, centre of mass of both sides will move for block B :
with same acceleration. mpg - T =mg(3a)
8ap-a)-2a _10a or 50-T =15a ..(4)
10 10 Solving Egs. (3) and (4), we get
Solving this equation we get 10 .
2 =—m/s
a=— aO 11
5

Here gy = acceleration of monkey w.r. to string
=2m/s%
». Acceleration of monkey with respect to
ground
=(ap-a)=0.6a,=12m/&

t=‘,/—2§- =J2"2 =182
12 V12

(a) From constraint relations we can show
that,

|aal =|2ag|
So, let acceleration of B is a downwards, then
acceleration of A will be 2a upwards.

Writing equations of motion,
for block A :

T —mug =m,(2a;
or T -100=20a ...(1)
for block B :

mgg — 2T =mg(a)

. 50 - 2T =5a (2)

Solving Egs. (1) and (2), we get

10

a=--—m/s?

». Acceleration of A is 239 m/s? downwards

and that OfBlS 3 m/s upwards.

(b) From constraint relations we can show that,

lagl=[3a|
So, let a, is a upwards, then ag will be 3a
downwards.
Writing equations of motion,
for block A :
3T —mug =myla)
or 3T -100=10a ...(3)

65.

Therefore acceleration of A is %—g—)m/s2

upwards and that of Bis % m/ s>downwards.

202 = 301
Considering block |
F-3T - f=20q ...(1)

Consider block Il 7
2T"‘f=2002=3001 (2)
Solving Egs. (1) and (2)

F- 3(f+1501) ~ f = 20q,

F=65a1+gf .(3)

When motion starts
=9 _gN and a,>0
40

Solving we get,
F=20N = t=—lésec

1
Motion of blocks will begin at t = 3 sec

At t=1secc F=40N
From Eqgs. (3), we get
40 = 65a, + 20
20 4
01=E—i§m/5
3 6

az=—2—al=§m/s
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66. First when the bowl is not rotating

-]
. mg cos 6
mg sin @ mg

f=mgsin®

N=mg cos®

f=pN

umg cos® =mg sin 0
tan@=p
6=tanp
The height up to which insect will reach
=R(1 - cos6)

o
i
=5(l—ﬁ)cm=0.53cm

Now, the bowl start rotating with angular
velocity w.

2
N—mgcose=";?—v,sine

2

f+”;:, cos8 =mg sin 0

2
N=mg cose+-r%v,—sin9

2
P-N+T‘:7cose=mgsine

2 2
u[mg cos0 + ";2—”, sin 9) + n;?_v' cos©
=mg sin 0
Now, when the angular displacement of the
insect will be 90° then it will just come out from
the bowl put 6 =90° and R’ =R in above
equation

Problems in Physig
—

2R
H
Rza)z:Eg
93
o?=S
uR
o=|<

HR

- 10
05x 5x 1072

=lgz—=20rad/s

. 67. At the highest point of the bridge the equatior;

of motion of the car is

02

mg-N=m—

where N is the normal force acting on the car
(and the negative of the required answer),
v = 20 m / s and pis the radius of curvature of
the bridge there. The most difficult part of the
problem is to find this radius of curvature.
If we could find a motion with this trajectory for
which the normal acceleration is well known,
the radius of curvature could be easily
calculated. For a parabolic trajectory the flight
of a projectile offers the required analogue. Let
the projectile have an initial velocity of v
making an angle o with the horizontal.
The range (d = 100 m) and height (h = 5 m) of
the projectile can be expressed using the initial
data, ,
d= 203 sin o cos o
g
3 sin o
2g

and h="Y

The quoﬁent%gm tan o = % (soo = 11.3°),
and the horizontal component of the initial
velocity is

= =d |3 =50ms?
U, =Ug COSQ \/; ms

Solutions
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Now, the radius of curvature at the highest
point can be calculated as

02

p=-X=250m
g

So, the normal force at the highest point is

o2
N=m g——F—’— = 8.40 kN

68. In the critical case; the sphere will just touch the
horizontal surface as shown in figure

oy i

R
In the figure
BC=0C- OB
=R—Rc0560°—R—§
R
BC=2
2
AB=Rsin60°=§R
AD BC R
DE=AD t60°=—=-———=__
« B 3 203
. EC=DC-DE=AB-DE
_¥3R_R _R
2 23 43
R 1
. FE=FC+EC=R+-==R|1+—
5%

». Compression in the spring

x=FE=R(l+—j§)

Now drawing free body diagram of wedge and
sphere in equilibrium we get (only those forces
are shown which are important for calculation)
N = normal reaction between wedge and sphere
Equilibrium of wedge gives

' At .. rno 11\

Equilibrium of sphere gives
mg = N cos 60° (2

Note: Normal reaction between ground and sphere will

be zero in critical case.

Dividing (1) by (2) we get
tan 60° = Jx. ...(3)
mg

Substituting the values of k and x we get

or J§=n(1"§9_)f(_1:~/1§)

mg
or n= ‘/51
1+ =
J3
or 1n=1.098

So, minimum value of 1 is 1.098
(ii) Considering equilibrium of (wedge +
sphere) -
N =kx

where N’=normal reaction between the

sphere and the right wall
=mg tan 60° (from equation 3)
or N’ =+3mg

69. Let acceleration of block A down the slope is a
(absolute) and acceleration of block B relative
to block A is a,.
Free body diagram of A with respect to ground

ic ac chnum in fioure (a).
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Note that block A is shown by a dot just for
better understanding of force diagram.

Here N; = normal reaction between block A
and wedge.

and N, = normal reaction between blocks A
and B.

IF, =22a
- 220sin 30°+ N, sin 60° = 22a
or 110+ 087 Ny =22a ()

Free body diagram of B with respect to A is
shown inyﬁgure (b).

N
4 2 Pseudo force

LF,=0
N, +10a sin 60° = 100 cos 30°
or Ny +87a=87 2)
ZF,=10aq,
10a cos 60° + 100 sin 30° =10 q,
or 5a + 50 =10a,
or a-2a,=-10 .. (3)

Solving equatiéns (1), (2) and (3), we get
a=6.28 m/s® (down the wedge)
and a, = 8.14 m/s2

. Let a be the absolute acceleration of block A

down the plane and q, the relative acceleration
of hlack R urith vanceaat 1a klaal A

From constraint equation we can show that
a=a, ..{1)
Free body diagram of A with respect to ground

is as shown in figure (a) (only those forces,
which are parallel to plane have been shown),

125+ N-T =25a (2)

Here N is the normal reaction between the
blocks.

Free body diagram of block B with respect to
block A is shown in figure (b)

(b)

IF, =0
75= N +15a (3)
LF, =15q,
T -130=15q, ..(8)

Solving equations (1), (2}, (3) and (4), we get
a=a, =1272 m/s’
and T=149N

Absolute acceleration of block B would be the
resultant of a and a, as shown in figure (c).

GB = 1'02 + a,?
=2 (1272) m/s? = 1.8 m/s°

and o = 45° or ag will make an angle of 15°
with horizontal.

Solutions
/—
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Hence _
Acceleration of A = a = 1.272 m/s®
(down the plane)
ag
15°
Horizontal
(d

Acceleration of B = ag = 1.8 m/s”

(at 15° with horizontal)
and Tension in the string, T =149 N

. Letacceleration of Ais a, (down the plane) and

acceleration of B is a, (vertically downwards)
Free body diagram of A relative to ground is
shown in figure (a).

N, = normal reaction between block A and

wedge
N, = normal reaction between A and B
TF, =150
75 + N, sin 30° = 15a;
or 75+ 0.5N, = 15a4; ...{1)

Note that block A has been shown as a dot (e)

just for better understanding of force diagram.

Free body diagram of B relative to ground is

shown in figure (b).

mgg =60N
(b)
60— N, = 6a, ...(2)
Also ag = a, sin 30°
or a, = 05q ...(3)
solving equatlons (1), (2) and (3), we get
= 6.36 m/s’

The vertical component of acceleration of B
relative to A is zero. There is only horizontal
component of relative acceleration between
the two which is equal to a; cos 30° or 55 m/s

Hence, acceleration of A is 6.36 m/s?

(down the plane) and acceleration of B
relative to A is 5.5 m/s? in horizontal

direction (towards right)

. (a) Since the cylinder is not sliding down,

total frictional force = net downward force
or frictional force F acting on one side
_mgsin 30° _(10)(9.8)(1/2)
T2 2
F=245N

(b) By symmetry, normal reactions on both
sides will be equal. Hence
A

V2 N =mg cos 30°

or N 10098 (/3/2)
J2
N=60N
Therefore, total maximum frictional force that
can be obtained is
fnax = 2N = (2) (0.5) (60) =
Net downward force is mg sin 30 or 49 N
Hence, P=60+49

P=109N
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73. (a) Maximum force of friction between A and sics § solutions 167
Bis Substituting in s = & af? =
gms-é- o N _mgsine=m(2gRsin0) or 6=2323°
frnax =M (M)g 1 | R : 8 sin (646°) _ g 474
. maximum acceleration of block B can be (s or N, =3mgsin® ...(1) 7 Fomax = 4 + 6 sin? (32.3°) o
we t= = .
@, = Jax _ Mg _ pg get Vo Horizontal force exerted by the particle on the (from equation 4)
4m 4m 4 wedge at this instant is L.
F Mg — 75. Before the first collision occurs
urther a.,,, = midmi M 28 O e retardation of A, a, =H19
m+ t= ‘/M and retardation of B, ag =H2g
So - .”22 -_Mg (20u-5p%) g Since pp>H;, therefore, ag>a, or B will
5m+M 74. During the moti § . retard more rapidly. Relative initial velocity
5 ' wedge, let F g: t(l)m e ﬂ: I?artmle hov-er the between the two is zero, but relative
or M=|2E | thrust exerted by th aximum honzonta) acceleration of A with respectto Bisag — a, or
4-p vy the particle on the wedge . .
. Then : Mp-py) g Till first collision relative
So, minimum val ‘M ( 5u E displacement of AisL — 1. So, if Ty is the time of
y ue o is . = Imax first isi t
. 4- ll) " Harin N, (1) F = N cos 8 = (3mg sin 6)(cos 0) collision, henl ,
1 . . - I = — —_ T
(b) When M =2 { _5p }m Here N, is the normal force between wedge or = gmg (2 sin 6 cos 6) (L-n 5 fp -y aly
4-p Ia\?d ho%zogat?iul])lane at that instant. F,,, and 2 3 2(L-D
can be . . = | ——
o M= (%Oﬂ’] 2 el bollows or  Fe=gmsin2 -2 I S e PR
orati —H and N, =Mg + N;sin6 .(3) Velocities of A and B just before collision are
acceleration of A would be : under limiting conditions : vy =vg— gy and vy =vp - Nag8Ty
" (IOpmg)_ F=pN, Since Ho> Wy,
A = g—fmax__ 4-u ‘ §mgsin29 Hence V<Y '
orpp=—= 2 Since the collision is elastic and both have

A =
M+m
(10pm)+m
4-p

N; Mg +3mgsin®6
(from equations 1, 2 and 3)

equal masses, they exchange their velocities.
By repeating the same procedure, we can show

10p - -
= {W} g At angle 6 Substituting that the period of next collision T, is equal to T
. wrt-n h=Rsin® m = 2Kgand M = 4Kg and so on. Hence the time between subsequent
= : a,= (L"g + GP-J g (R = radius of circular plane) - 3g sin 20 - collisionT is 2 const:niand 1s given by
+4 : = -
. i From conservation of mechanical energy, 4 +6sin®0 @ T= (,I—(___)')_
and acceleration of B would be : velocity of particle at this instant ' dy 2-H1) 8
az =48 v? =2gh=2gRsin6 Fory to be maximum —o = 0 76. Consider the point mass moving in the x-y
4 ion| . lane around an ellipse with semi-major axes a
_ 20p - 5p2 ;ﬁ:i%egegeth:tr:}?igi;e:fh on een particle (“4+6 sm".’ 8) (6 cos 2'6) gnd b according to the equations.
aAB_aA—GB-_-mg - or -(351n29)(125mecose)=0 <=acoset and y=bsinat
Now A topples from B when half of its le gth i " e s o) 2 At t =0, the mass is moving at the end of the
. n : . o
outside Bi. e in the positicn shown below is p or 12cos 20+ 9 cos 26 — 9 cos® 20 major axis with
R v -9+9c0s’20=0 . velocity v = bo
mg or 21cos20=9 and acceleration A= an?
Then or ‘ cos 20 = _3 On the other end the acceleration is,
~ 2 21 o2
N, -mgsine="Y_ o - o A=—
1-mg R X 20=646 R




2

So, the radius of curvature is R = b—

- I | ) a
Similarly we find the radius of curvature at the
2

end of the minor axes to be a_.

2 .
. mv .
UsingF = R with the given data we obtain,

b2 a?
= =125m and Y =10 m and hence,
2a=10m and 2b=5m

77. For the particle, tangential retardation

a=ug=5m/¢?
For disc angular acceleration
n (m) ar
o= 2
1
2
or o= Hrg =5rad/s?

Let .after time ¢, relative motion between
particle and disc is stopped, then

U=ro
or (u-at)=r()
t=_Y
a+ro,
Substituting the values we get,
t=1sec
From t=0to t =1 sec particle has rotated an
angle, :
1
ut—= atz)
g =3= ( 2
r r
Substituting the values we get
6, =75rad
Fromt=1sectot=2sec
02 = ((l))t
=(5x1)x1=5rad

GTohl =91 + 92 =125 rad
78. If after time ‘f velocity of particle isv and N is

the normal reaction between th i
thewall T e particle and

Problems in Physiey
T —

Force of friction,

2

f=uN o
- Tangential retardation of particle,
f_w?

a=——
r

m/2
Substituting 1 = 0.5andr=1m

Now, - =

(1)

or

For the disc, angular acceleration,
fr 2

1
1,2 mr

2

2
=2 (__”m" ) (__1_)
2r mr
Substituting the values we get

02
o=—
2,

Substituting values of v from equation (1), we
have

o=

50

o=
(1+ 5%
do 50
or . —_—
dat  (1+5¢7?
o t  50dt
do=}| ——
Jo Jo (1+ 5t
[ 5t ]
0=10 —— .2
I_l + 5tJ @
Relative motion will stop when.

169

Solutions
o0
V=re
From (1) and (2) withr =1 m
5t - 1
1+5t 1+5t
=1 gec
or E

79. T — mga — pmpg cos6 —mpg sin8=0
T =mg {a +pg cos® + g sin 6)

T=mg (%+p,gcose+gsin6)
=m39(%+0.2x—§f%)

=mgg (1 + —\@) =mgg (10+ J§]

10

T =myg cos6 —uN
T =m g cos8 —umua

V3 g
=mA(g—2-——O.2X—2—

mgg (10 ;0‘/5] =My % «3-02)

mB =0.6&HA=1.30 kg
T=b<=mA%(J§—O.2)

(1)

where N=m,a

-..(2)

= x=85%x10"m

Energy stored in the spring
1, 2 1 -3,2
=§kx =§x1800x(8.5x10 )

=0.065J

80. Acceleration of A down the plane,
a, =g sin45° — L 4 g c0s £5°

1 1
= —|-0.2)(10)| —=
(10)(ﬁ) (0.2)( )(ﬁ)
=4J§m/52

Similarly acceleration of B down the plane,
ag = g sin 45° — g g cos 45°

“of)-oaua(

= 3.5V2 m/s?
The front face of A and B will come in a line
when,
SpA=8g + '\’FZ—
or lﬂAtz"—:laatz‘F‘[Q
2 2

or —%x4~/§xt2=%x3.5x/§xt2+«/§

Solving this equation we get
t = 2second

Further,
SA=%aAﬁ=%x4J§x‘(2)2=8J§m

Hence, both the blocks will come in a line after
A has travelled a distance 8J2 m down the

plane.
81. Given m; =20kg, my=5kg, M =50kg,

p=03andg=10 m/s?
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Problems in Physig:

(a) Free body diagram of mass M is given
below

(b} The maximum value of f, is
(Aknax = (0.3)(20)(10) = 60 N

The maximum value of f, is
(Ffoknax =(0.3)(5)(10) = 15N

Forces on m; and m, in horizontal direction are
as follows

Ndw there are only two possibilities :

(1) either both m; and m, will remain

stationary (w.r.t. ground) or

(2) both m; and m, will move (w.r.t. ground)

First case is possible when

T<(filmax ©Of T<60N

and T<(fy)x or T<15N

These conditions will be satisfied when

T<15N

sayT =14 Nthen fy=f,=T =14 N

Therefore, the condition £, = 2f, will not be

satisfied. Thus m; and m, both can’t remain

stationary.

In the second case, whenm, andm, both move
f2= Uphnae = 15N
f=2f,=30N

Now since f; < (filna there is no relative

motion between m; and M i.e., all the masses

move with same acceleration, say ‘a’.

fg=15N
and fi=30N

Free body diagrams showing the forces which
are responsible for motion of the masses and
equations of motion are as follows :

Form, 30-T=20a (1)
Form, T-15=5a ...(2)
For M F -30 =50a ...(3)

* Solving these three equations, we get

F=60N
T=18N and a=gm/sz

(1) Friction always opposes the relative
motion between two surfaces in contact.

(2) Whenever there is relative motion between
two surfaces in contact, always maximum
friction (kinetic) acts, but if there is no
relative motion, then frictional force 1]
may be less than its limiting value also. So,
don’t apply maximum force.

. Given my =10kg, m, = 5kg, ® = 10 rad/s

r=03m,n,=0124 m
p=r-n=0176m «(1)
Masses m; and m, are at rest with respect to
rotating table. Let f be the friction between
mass m,; and table.
Free body diagrams of m; and m, with respect
to table (non intertial frame of reference are
shown in figures).

. ealutions
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m2 ™oy 7
T < —— >
FZ = m2r2a)2 Fy= I'Y'I1I'1(!)2
(Pseudo force)  (Pseudo force)
Equilibrium of m;, gives
T =myr, @° (1)
Since my r2m2<ml n @ (myry<myn)
Therefore, mynr0?>T

and friction on m; will be inwards (towards
centre)
Equilibrium of m; gives—
f+T=mn o? ..(2)

From (1) and (2), we get
f=mn o —myr e’ ..(3)

=(mn-—myr) ®?

={10x 0124 - 5x 0176) (10)2 newton
f=36N

Therefore, frictional force on m; is 36N

(inwards). .
(i) From equation (3)

f=lmr—-—myn) o®
Masses will start slipping when this force is
greater than f,, or
(my 1 — My 1) @ > g > Mg

~ Minimum value of @ is

— wm g
O, = | —————
mn-mpn;

[ 05x10x98
“VY10x 0124 -5x 0176

gy, = 1167 rad/s

(iii) From equation (3), frictional force f =0
whenm nn=myr,

or ;2-=;n7—1—6=§
and r=n+r,=03m
=01lm and r,=02m

i.e., mass m, should be placed at 0.2 m
and m, at 0.1 from the centre O.
83. (i) CP = CO = Radius of circle (R)
£ CPO = £POC = 60°
. ZOCP is also 60°

(a)

Therefore, A OCP is an equilateral triangle.
Hence OP =R
Natural length of spring is 3R/4.
. Extension in the spring,
3R R

x=R-7=7

= Spring force,

()

The free body diagram of the ring is shown in

figure (b).
(b)
=8
Here F= 2
and N = Normal reaction.

(i) Tangential acceleration, ay : The ring
will move towards the x-axis just after the
release. So net force along x-axis
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F, =F sin 60°+ mg sin 60°

)2
Y

=g

Therefore, tangential acceleration of the ring.

3 |om

|

ar=aqa, = = g

&

“T=T9

Normal reaction N : Net force along y-axis
on the ring just after the release will be zero.

Fy=0
N +F cos 60° = mg cos 60°
N =mg cos 60° - F cos 60°

84. GivenR=01m,m=107 ka

(i) Free body diagram of particle is ground
frame of reference is shown in figure. Hence
r

tan 0 =
N cos0=mg (1)
and N sin 8 = mr @ ...{2)

Dividing (2) by (1), we obtain

Problems in Phyg

\E_,co

tang="9_
g
2
or r__re
R-h a
or Q)zz__g
R-h ..{3)

This is the desired relation between @ and h,
From equation (3) we have

= g

For non-zero value of h
B> (?gi or w> \/gﬁ
Therefore, minimum value of ® should be
@ min = O/R = \/-(9)_—? rad/s
or O, =9.89 rad/s.

(ii) Equation (3) can be written as
h=R- go?
If R and ® are known precisely, -1en
A
Ah:—m—g or Ag =% Ah
(Neglecting the negative sign)
(AQhnin = (@pin)? - AR = (989 x 1074 mys?
(AQ)min =9.78 X 103 m/s?

5. (a) Compression of the spring in position C
x=CB=R8=030 (R=03m)
height difference between C and D is :
h=R(1 + cos8) = 03(1 + cos )
From conservation of mechanical energy

1 2
= kx® =mgh
g ~ms

or % (40) (03672 = (02) (10} (0.3) (1 + cos6)

or 62=%(1+cose)

or 302=1+cos®

(b) For the above angle, velocity of collar is
zero at point D. Height difference between
AandDis

h=R=03m
- velocity of collar at point A will be :
v =+2gh =/2(10)(0.3)
v=2.45m/s

86. Kinetic plus potential energy is the total
mechanical energy.

Rate of dissipation of (kinetic energy
: + potential energy)
= — [rate of work done by friction]
=~[-f-vl=fv
Here f = frictional force = umg cos o
and v = velocity of body at time t = at
where a=g sin o —ug cosa
v={(gsino —pg coso)t
~. The desired rate v
=mg cos o (g sin o — ug cosa) ¢
=umg? cos o (sin o - p cos 0) ¢

87. (a) We can see that Z ACB = 90°

From constraint relations we can understand
that speeds of both the particles will be same.

(a) {b)

- From conservation of mechanical energy.
(Refer figures a and b)
Decrease in potential energy of mass 2m=
increase in potential energy of mass
m + increase in kinetic energies of both.
Hence

2mglhg)=mglh, + %(&n)(vz)

or 29(h3)=g(hA)+—gu2 1)
Here hg =r cos45° =0707r
h, =r(l - cos45°) = 0293r
Substituting the values we have
(2)(0707) gr = 0.293gr + 1.50%

or v = 0.864 |gr
{b) At any angle 8

T o

hg =rsin®
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and hy=r(l - cos9) We get
H tion (1 i o 2
ence equation ( )canbewntt;nas— —2R=3Rtan0 - , a(3R) .
2gr sin 8= gr(l - cos 0) + = p? 2(u” ~ 4gR) cos® (0
2 9gR?
2 . 2R=—22"
or? = Zgr(2sin 8+ cos0 - )=k (say)...(2) o 2u?_ 4gR)
For v to be maximum or 4u’ - 16gR = %R
%:-:00r 2cos0-sin8=0 or “2-‘-%@
or tan9=2 or u=§2-,/w 4 (u>,/@‘\

”nm=‘/§gr(25in9+ cos 0~ 1)

Substituting the values of 6 we get
Umax = 0.908/gr
(c) At®=8,,,, velocity of both the particles
will become zero for a moment. Hence
substituting v? = 0in equation (2) we get
25in0+cos@-1=0 '
Solving this equation we get
Opax = 126.9°

88. (i) Let v be the velocity at the highest point.

Then v =u?_ 2gh

oo v¥=u’_4gR e (1)
After point C path of the ball becomes
projectile with initial velocity in horizontal
direction. Hence substituting in

- (2)

89.

(ii} Minimum value of v to maintain contact at
Cis \/g? Hence substituting v =\/§§in
equation (2) we get

gx2

2(gR) cos? 0°
or 4gR?’=gx? or x=2R
Hence minimum value of x is
Xmin = 2R
From constraint relations we can show that :
3va=205 or vg=15v,

—2R=xtan0°-

or vA‘=§vB and SA=§SB

Now as the block B moves 1 m vertically
downwards, block A will move % m along the
plane org sin 30° vertically upwards.

From conservation of mechanical energy.
Decrease in potential energy of block B=
increase in potential energy of block A +
increase in kinetic energies of both the blocks.
Hence

®) (@) (1) = (10) (g) (§ sin 30°) +2(8)0g")
" % (10) 0,2

%10=1010)(Zx 1
or 8x10=(10)(10) (3 X 2)

1 1
+5@® (150, + 200 vy

9.
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Decrease in gravitational potential energy of
rope = increase in kinetic energy of rope.

5o 22

or U;-U;=KE. (U = potential energy)
L __r_ (!)
-0 (5) -4

L-y
—ML-9 @ (y+—4-)]

_1.(L-y) 2
—EA’( 2 )U
Solving this we get
_ l.—ylz)
o= 2”( L-y

This problem can not be solved by the use of
the fundamental equation of dynamics since
the force F acting on the disc in the region
X; <X <Xz is not specified. Only we know
about this force is that it is perpendicular to
Y-axis.

From conservation of energy we get

...(1)
...(2)
Since the force of field is perpendicular to
y-axis it does not affect the v, projection of the

velocity. Hence v,, = v;,. Therefore equation
{2) can be rewritten as

v, =vd - 2gh

or U, COSOp = ,/vf cos? o, — 2gh

Solving equation (1) and (3) we get

v% = v12 — 2gh

. 2 _.2 2
or u§, + vy, = Uy, +0), ~ 2gh

.3

92.

Solutions
- 2 2 2ah
or vy = 1.825 m/s _ 1 |vj cos®ay - 2g
0y = coS 2 _oon
and vg =274 m/s by — <9
90. From conservation of mechanical energy, The disc can not overcome the hill if radical of

equation (3) is negative or
v, cos oy < y2gh
Let v, be the speed of the object at point A.

Between A and B path of the object is a
parabola, where

2v3 sin 0. cos o
g

or 2R sina =

gR

2
Vp = ——
0 cos o

So (1)

Applying conservation of mechanical energy at
P and A we get

mgH =mgR(1 + cosa)+%mv§

2
or %=1+oosoz+§v-°—
v2 1 .
but L= {from equation 1)
gR cosa _
-’i=1+cosa.+ 1 =k (say)
R . 2cosO

[N

or 2cos“a-2(k-1cosa+1=0

or 'oosza—(k—l)cosa+%=0

or cosa=%(k-1:,/(k-1)2-2)

now (k-12-2>0 or k-12+2

or k2 (1+v2) (2
On the other hand,
cosasl
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ie., %[(k -1+ ,/(k -1%-21<1

or (k—1)+,/(k—1)é—252
or J-12-2<2- (k-1

or  (k-1°%-2<[2-(k-1P

or 4k <10

or k<25 ...{(3)

Hence from (2) and (3) we have
1+4J2<k<25

or (1+v2R<H<25R (as k=%)

or 2414R<H< 25R

For the limiting values of cosines we have
k=1+J2 or k-1=42

2 .
- or cosa1=7 ie, o) =45°

93.

and k=25 or k-1=15

1.5 0.5)
2

cos 0y =05, cosay =1

or oy =60°and oy = 0°

Hence 45°<q<60°

(@) When the spring undergoes maximum
compression, the relative velocity between
the block and the car becomes zero. This
means that the entire system moves with

the same velocity v. As all forces are
internal forces, momentum is conserved

(dm + 2m)v =mu,

COs Oy =

or v="20
6
(b) The kinetic energy of the pair of blocks just
after the collision

1., (v 1
==2m 2] =2 mp?
2( )(2) 4mUO

Mechanical energy of the system is conserved
during compression of the spring and
subsequent motion of the system. If x be the
maximum compression in the spring, then

94.

95.

1 2 1 U 2 1
Zhx?+ 2 (6m)| 2| ==mo?
2 * 3l )(6) 3™

Calculating x, we get,

X = ﬂv
V3K o

1niﬁa1kineﬁcenergy=%x2x102=1ooJ
Final KE = 50 J
—l-mv2=50J

5 .
v=\f%=5\/§m/s

When the spring is being compressed, the
equation of motion of spring mass system can
be written as

X = A sin o whereco=JE
m

%=Amcosmt
= U=00C05(ﬂ
= 5V2 =10 cos ot
= =-1£

4

(a) Let at angular deflection 6 and let velocity
be v, from work energy theorem

change in kinetic energy
= work done by all forces

' jons
solutions
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_lz_mu2 =-mgl(1-c¢os0)+Flsin®

=mgl [-1+ cos 0 + sin 6]
Maximum angular deflection
v=0 = 6=90°

(o) Tension at angular deflection
2
T —mg(c059+sin9)=¥

= T =mg cos®+mgsin0
+2mg (-1 + cos 0 + sin 6)
= 3mg cos 8 + 3mg sin 6 — 2mg

=mg [3«/'2— sin (e+£-)- 2]

T is maximum at@ = -Z—

Tmu=m93\/-2_"2]

. When the bobs collide at the topmost point, the

necessary condition that both of them fall
vertically down after collision, are both should
have the same velocity in the horizontal
direction and the vertical component of
velocity for ¢ Q' should be zero.

So, if Q is projected with velocity ‘vg’ at an
angle ‘0’ with the horizontal, then we have

vy cos0 = /gl ...(1)

and also that it hits ‘ P’ at the highest point of its
trajectory.

So, u§ sin @ =9
2g
or v2 sin 6 = 4gl
or v, sin®= 2@ ...{2)
Dividing (2) by (1), we get
tanB=2 = O=tan"'(2) (3)

and on squaring and adding (1) and (2) we get,
vg =5gl or wv,=+5gl
The distance from ‘ P’ is projected is
Range _v2 sin @ cos®
2 g
_vitan@ _ 202
_gsecze_g(1+4)_

d=

97. (a)

h=(R+g)(1—cose)
velocity of ball at angle 6 is
v=2gh=2 (R + %) {1-cos®)g ...(1)

Let N be the total normal reaction (away from

centre) at angle 8. Then

ml)2

substituting value of v? from Eq. (1) we get
mg cos® — N =2mg (1 ~ cos 9)
N =mg(3 cos 6 - 2)

{b) The ball will lose contact with the inner
sphere when

mg cos@ - N=

N=0
or 3cos8~-2=0
or 9= cos™ (%)

After this it makes contact with outer sphere
and normal reaction starts acting towards the

centre. Thus for 8 < cos™ (323') :

NB =0
and N,=mg (3 cos6 - 2)
and for 9> cos™! (%)

NA = O
and Ng =mg (2 - 3 cos )
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' The corresponding graphs are as follows: (ii) v® = u? ~ 2gh
ANa =u” - 2gL (1 + sin 6) 2 @ . - unSs
N A : 4 CONSERVATION OF MOMENTE

R 2 . o_ '
or (Lcose—%)=————-——v sin 2(90° - §)

O R | CoLLISION, IMPULSE

ANs or L(cose— §)= p 3 I
5 , .
" Equation (3) can be written as 99. Let x be the displacement of the platform Therefore, the situation is as follows
1 ) . towards right. Then—
2 (COS 8- g) - g_L sin § cos @ displacement of platform = x  (towards right)
- >cos® i t of ith respect t d
! 243 from equation (1), substituting value of displacemen o—man with respe i o gl::r 1) Lol o an
98, Let the string slacks at point' Q as shown in 2 =Xg-—X owards le J L
figure. From P to Q path is circular and beyond .. |=|=sin® Woman Man _
Q, path Is parabolic. At point C, velocity of L1 Before

particle becomes horizontal, therefore, - we get
(cosG- %) = 5in®0, cos 6 = (1 ~ cos® 6) cosd

or cose-%=cose-cosae

Q
I. sing 1 1
- o cos’@== or cos@== or 8=60°
o 8 2
; ~+ From equation (1), A and displacement of woman with respect to
n 2 _ b Q= : 0 2 V3 ground = x + 6 — x (towards right) Let M be the mass of second insect.
= v"=glLsin6=gL sin 60° or v 2 o Net force on the system in horizontal direction For the straw not to topple the centre of mass
Substituting this value of v? in equation (2) is zero. Hence COM \yill remain stationary, or (of straw + two insects) should lie inside the
et 2_ 024 20l (L+si (mass of platform) (displacement of platform) table or
C u®=v"+2gL(1+sin6) + (mass of woman) (displacement of woman) m
cos 6~ L/8 ) 2m(055a)=| M + — {(0.2a)
— V3 V3 = (mass of man) (displacement of man) 2
D = half of th jecti =g abrag|lyo
QD = half of the range of the projectile. 2 2 or 20(x) + 50(x + 6 — xg) = 60(x — X) or M=5m
Now we have following equations : 33 73 11x4 - 30
(i) Tg=0 \ == gL +2gL=gL (2 + ‘_'___J or x = ST 101. gszdthe system ‘cannon + shell’ is non-
Therefore, mgsin®= mTv_ ..{1) = 100. Let x be the displacement of straw when the
w=|gL ( 2. 3:3] 214 \[gT first insect reaches the opposite en% Hence
2 ) displacement of insect would be Ea— x).

For center of mass to remain stationary we
have—

2m(x)=£n2—(%a—x) or x=03a




180

Problems in Physics

102.

During the time interval At, the change in
momentum of this system is
e e -
Ap=pj-p=p-mv
This change is caused by two external forces

-
the reaction force N (which is perpendicular
_)
to the inclined plane) and gravity mg.
Therefore, we can write :
- - - -
p-mv=NA+mg At

or change in momentum perpendizular to
plane will be

- - -
| pisino.=| N|At-|m g At|cosa

NPl -
or |N|=X;- sino + |m g|cosc

(i) M = mass of car = 1000 kg
m = mass of each man = 75 kg
v, = initial speed of car = 25 m/s
v, = speed of men relative to car = 5m/s
v; = speed of car after one man has jumped off
Initial momentum of the car and the men
={(M + 3m)v, ...(1)
Velocity of man relative to ground will be
v, -v,)
~. Momentum of car and two men + the
momentum of the man who jumped off
=M +2m)v; +m vy - v,) ...{2)
Equating (1) and (2) from conservation of
linear momentum we have
(M +3mjvg=(M +2m)v; +m (v - v,)
mu,
M+3m
Similarly if v, be the velocity of the car after

the second man jumped off and v the velocity
after the third man jumped off, then

mv,

or v -V =

..(3)

UZ—UI=M+2m ...(4)
and Uz —Uy= Mm_l:'m ...(5)

Note:

Adding (3), (4) and (5) We get
1 + 1
M+3m M+2m

v3—vo=mu,[

1]
+
M +‘mJ
_ [ 1 1
or 03—00+mvrlM+3m+M+2m
1
+
M +m]
substituting the values, we get
1 1
s =25+(75’(5’[1000+ 225 ' 1000+ 150
1
¥ 1000+7s]

or vy ~ 25981 m/s

(ii) If all the three men jumped off together
and let v be the velocity of car after all
three have jumped off. Then

(M +3m)vg = Mo + (3m) (v - v,)

or (v - vo) = ﬂ_
(M + 3m)
3mu,
or v=vg+ ———
(M + 3m)
substituting the values
(3)(75)(5)
=254+ —————
Y= ¥ 1000+ 225

or v=25918 m/s

It is to be noted that although. vs = v but actually
v3 > v because

[ 1 1
uS:vO+merM+3]‘n+M+2’-n
1 1]
+
M+mJ
whilev=vo+mu,lr-Mj3m+M:3m
1 1 3mo,
+——[=0g+
M+3mJ M +3m

=117

Solutions 181
ie. uz>v 106. Letv, = velocity of solid sphere towards right
But if m is small in comparison with M, v3 = v. after collision and
103. At maximum angle (of string with vertical) v, = velocity of hemisphere towards right.
horizontal velocity (v) of ring and particle will
be equal.
From conservation of linear momentum,
(m + 3m)v =my,
-
Now increase in potential energy of particle Applying COM along horizontal
= decrease in kinetic energy of system = 2Muyg = ZMu, -+ My,
1 2 = 20y = 20, + Uy
3mgl (1 — cosB,,,)=—=mv
or g ( C max) 2 0 - 02=2(vo _-vl) (1)
1 (4m) Vg 2 Applying e along comman normal
2 4 {vs cos B — vy cos6)
e= o
Solving this equation we get, Ug COS
1 02 eUO =0y — Uy (2)
Bpnay = 081 |1 -0 - o
8gl From equations (1) and (22)
(2 el e) Vg d =(1 ) 2!)0
104. From conservation of momentum, y = 3 and vp=(l+e 3
3=y(1x37+(2x 2’ =5kg-m/s 107. On impact all the balls have the same
5 component velocity parallel to the short side
v= (§) m/s of the table. In rebounding from the short
2 sides the value of this component velocity
_1 1 21 ] does not alter, and theyefore, since the tables
AKE= 2 X1x9+ 2 x2x4 2 x3x (3) are of equal widih, all three balls will reach the
. =4334J T
105. (a)} Impulse received bym: J .
Tom6; 3
=m (2 +j -3 -2))=m(- 5 - }) A
and impuise received by M : | o AN
=—J=m (50 +J) opposite side cf the table it the same moment
b) Mo=m(5i +] (regardless of whether they have first struck
(b) Mo =m 'A JA) 1 o - the short sides or not). In rebaunding from the
or v=T0(5+))=—- (50 +]) long side opposite, the comyponent velocity
M 13 under consideration changes sign, but
(c) e = (Relative velocity of separation/ remains constant in size; all thi2 balls therefore
Relative velocity of approach) in the return to the side from which they started at
directi § :’l the same moment.
irection of ~ d. 108. All the bodies of the system are initially at rest.

The rope tension is the same toth as on the
left and the richt hand sicie. at every instant
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and consequently the
momenta of the
counter-balancing mass

—9
(py) and the ladder with

.ﬁ
the man (p,) are equal at
any moment of time. i.e.,

- =
DL=Dpo
- -
or Muvy=mv +(M -m)v, A1)
- > —

Here v}, v and v, are the velocities of the
mass, the man and the ladder respectively.

We also have

- -

Vo=—1 ...{2)
L
and v =vy+ 0 ...{3)
ﬂ
-Where v’ is the man’s velocity relative to the
ladder.
From equation (1), (:2) and (3) we obtain.
= m —f

Uy (21‘4) v .. .(4)

On the «ther :.and, the momentum of the
“ntre of mese i

- 35 5 -

p=ptp, I

— —
2Mue =2M v,

- — m\—
=0y [*‘] v’
2M

+ finally the desired displacemer: is

S -
=fu dt=_ v de=L
2M 2N

- disp!acement of centre of mass of
- m - ’

¢ tem ds Arg = — Ar
: 2M

V9. (i) ‘oth the particles collide at their highest
Ta T
e —é’i = —23 or Ty=T,

in o i flight)

2u sin 45° _ sin 60°

or
g g
v sin45° |2
or —= = =./=
u sin 60 3
or ﬁ -2
u? 3
(i) % + 525 =a (R = Range)
or R,+Rg =2¢
u?sin 90° % sin 120°
or + =2a
g g
or u?+ guz = 2ag
or u? +i2_§(§u2)= 2aqg
or u? (1 + —1—) = 2ag
V3
simplifying this we get
u?= ag(3 - \/§)

(iii) At the highest point they collide as follows :
after collision, the horizontal component of

i .

u cos 45° s0s 60° “d

elocii. Jf 1 Lecomes zero as it is given that it
lIs wvertica':, and '~t the horizontal
component of velccity f 2 becomes |

(towards right) as
° . é vy

then from conservation of linear momentum :

mvg = mu cos 45° — mv cos 60°

or wpy=-t_ Y- L_ﬁu ()
° 2 V2 253 ) 7

\/E
v=.=u
. ¥3
Iso relative velocity of separation = e (relative

zlocity of approach)
or vg=eucosd5 +vcos60°)

183

solutions

2
or vo=e[%+5%-u) --(2)

equating (1) and (2}, we get

l_ﬂ_e(L+_~/Z)
2 253 V2 243

or (2V3-2=e(2V3+2)

simplifying this we get
e= B-1
V3 +1

110. When the ball strikes the wall, its vertical
component v, remains unchanged while its
horizontal component ucos® becomes
eu cos 6 in opposite direction. Now since v,
remains unchanged during collision, its time
of flight T will also remain unchanged.

4 Y
Uy vy
ucos 6
u A eucos®
o a o] a
Hence T =toat+tao
2u sin 6 a a
or = +
g ucos® eucos

multiplying the equation by u cos 0 get we
2 .
2u® sin 6 cos § =a(1 +1)

g e
o [4ag)(sin 2e)=a(1 . 1)
g e
u=2.Jag (given)
or 4sin29=1+—1é
e 1
or “dsin20-1

Now e<1l Hence4sin20-121

1
sin 282 -~
or sin 5

or 2>30° or 6215°

111. Letw, be the velocity with which it strikes the
plane.

a, =gsing, a,=-gcoso
Component of velocity along the plane is
vgsina and component perpendicular to
plane is v, cosa. Collision is elastic hence
Vg sin o remains unchanged while vy cosa
reverses its direction.

When it strikes at B, its component
perpendicular to plane ie., vycoso and
hence the time of flight T for each collision
remains unchanged while component parallel
to plane becomes '

vosina +{gsina) T {v, =u, +a,t}

2v
here T =220905% _ 2%
g coso g
1
and R,=AB=s, ='uxT+§axT2

2

. 200 1 . (200)

= =0+ (gsina)} —
(ug sin @) s 72 (g p

R, = (4 v} sin /g

next time
Ry=s,={vgsinaa+gsina-T}T
4.-1 (g sin )T 2
2
substituting the values—



Note: In each collision,
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R2={vosina+gsina-——°H——°} or lee=_ 058
. gilg 2tanosin

1 205\ 1

+—(gsina)(—°) ot 1+e=§cot(xcot6
2 g
= (8v§ sin ot)/g or e= —;— cotxcot6-1

Similarly we can show that

R; = (120¢ sin 0)/g
or RI:R23R3=1:2:3

! velocity of component
perpendicular to plane i.e., v, cosa hence the

time‘ of flight, T = —2§9- remain unchanged while

compaonent parallel to plane and hence range on
plane goes on increasing.

112. Letv be the velocity of projection.

a,=-gsina, a,=-gcosa

*\\:/*

Time of flight up the plane is
T= 20sin @
g cosa.

Here vsin® is component of velocity
perpendicular to the plane which will become
evsin@ after first impact, e?sin® after

second impact and so on. Hence time of flight
will also be T, T, €T etc.

Component of velocity along the plane
becomes zero (v, = 0} at the time of second
collision or after time T +eT or (1 +e)T.
Hence applying
U, =u, +a,t
O0=vcos6-(gsina)(l+eT
2vsin @
g coso.

or O=vcos8-(gsino)l+e)

113.

114.

24m

(@) By symmetry we can say that they wi
collide at x = 50 m.

Vertical component of velocity and heng
time of flight does not change in collision,
Hence Ta=tac +1tcs

2usin30° 50 50

or = ~+
g u cos 30

eu cos 30°
Given g=10m/s? e=07
substituting the values we get

u=375m/s
2
b) y=xtan30°- — & __
2u? cos? 30°

x =50m,u=375m/s

substituting the values we gety =17 m
Hence coordinates of point P w.rt. A are
(50m, 17m).

Component of velocity parallel to vertical wal
30sin 45° or 15V2 2 after striking at A
s

remains unchanged, while component

Solutions

185
perpendicular to wall 30 cos 45° or 152 Lns— mu cos@ = MV —mv (1)
Applying law of restitution, we get
becomes e; 15v2 m/s or 7.5v2m/s (e; = 0.5). relative velocity of separation
Hence after striking at A the horizontal = lati locity of h
component of velocity is 752 m/s and relative velocity of approac
vertical component is 15vV2 m/s (vertically eucos®=V+u ...(2)
downwards). Let t be the time of journey solving (1) and (2) we get
between A and B. Then Ve (1 + €) mu cos 0
- M+m

24 =(15y2)t+52 (h=ut+ % )

solving this we get—
t=011s =t,p
x; = (7542)(011)
or x;=117m

x and y components of velocity after colliding
at B would be

v, = (7.5 (V2) m/s =106 m/s
and v, = e2(15\/§ + gt)
= 03(15v2 +10% 011)= 67 m/s
Now ball will be at height 1.2 m when

12=u,t- %g t? or 12=67t- 5t

or t=0213s and 1.127s
Hence x, =v, (0213)
=(106)(0213)=226 m
x3 =(106)(1.127)=11.95m
Hence x will have two values (x; + x3) and
(xq + x3)
or x=117+226=343m
and x=117+1195=1312m
or x=343m and 13.12m

and

115. Applying conservation of linear momentum in
x-direction we get
! usin 6
| x v (unchanged)
AY

o, 0N
e
3 ucos6

Before impact After impact

At impact

116.

From (1) and (2) we also find
- {eM — mu cos©

_3>

M +m)
Hence tan¢=“5in9=(M+m)tane
v (eM - m)

But the paths of A and B before and after
impact are at right angles, therefore,

cot p=tan 6
Hence _(eM-m) =tan 6
(M+m)tan ©
or tan 0 = eM - m
M+m

or 0 = tan™! _____eM-m
qM+m

Let v, be the velocity of gun just after the shell
is fired. The horizontal velocity of shell with

respect to ground is (—J‘—E - ul). Hence from

conservation of linear momentum in
horizontal direction. We have

onl )

or __mu_ (1)

Uy =
' V2M +m)
During collision wvertical component of
velocity (v,) of shell or the time of flight of the
shell remains unchanged. Hence

o Y
=2 T2 2)
g g g
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117.

Horizontal component of velocity of shell
u

before collision will be vy | and after
)

u
collision v+ e{— — v, +v} which can be
{Jz ' }

obtained by applying—
relative velocity of separation =e (relative
velocity of approach)

Hence
r-_ L + L+uvT

\/E 1 JZ- 1
Substituting the values we get

Vou L

g

mu

u
2 2 M+m)
mu  J2u

L4+ —
+w/-2_(M+m) g

vted- T,
{J’z' V2(M +m) }
Solving this equation we get
e=05

(@) In case of a head on elastic collision
between two particles of masses m; and
my moving with velocities v; and v, we
apply following two equations

v'1=(m1_m2)vl+( 2my )vz,..(l)
m1+m2 m1+m2

and v’y = (mz; m1)02+( ZTI Jvl ..(2)
m m2 ml m2

Here v’} anc. v, are the velocities of particles
after collision. Equations (1) and (2) are
derived from law of conservation of linear
momentum and law of conservation of kinetic
energies. Here

+

m=mmy=2m, v;=0 and v, =v
Hence substituting these values we get

o’ _( 2m Jv_zv
,= -2
3

.. Kinetic enerau of hlack R aftor callician ic

K.E.= %(?m)vz' 2 =i;-muz

Let x be the compression in the spring then
lkx2 =%mv2 or x =[ @Jg

2 k)3
The condition for toppling the block A is that
xzd
8m Ug
— .04
* Y% 3
or wvg=3d L
8m

(b) Whenv = %0, then amplitude

8m v
A= = (=_.%
V% 6

O

Substituting the value of v, we get
-4
2

. The external impulse applied to C causes both

strings to jerk exerting internal impulses 4
and J,.

b d g
(a) (b)
Figure (a) shows the impulses on different

particles and figure (b) shows the initial
velocity components of each particle.

From constraint relation obviously.
U2 = Ul “es (1)

Using impulse = change in momentum we
have

For particle A
Jy =mu, {2)

For particle B
dJy cos 45° ~ Jp =muy ...(3)
Jj sin 45° = muy, (4

For particle C

Solving these equations we get

—@ u=3—J and

22
=t =g 7m

Tm

J2d

Hence, the initial speed of A = E

U

3J
the ::itial speed of C = .

and initial speed of

Just wh=n th: :ringjerks  Just after string jerks

U:,'Zgh (1,

Using impulse = change i+ iomentum
"For mass 2m
J =2my, ..(2)
For mass m
d=mv—-mr ...(3)
Solving equ ztions (1} (¥ 3) we get
vy = \/1;,_

120. Ju. after collision velocities of both the balls

will be 4/2gh in opposite directions. Relative
acceleration between the two balls is zero and
relative velocity of approach is 22gh. Hence

they will collide after a time

Aoas
J—dJy=mu ...(5) lualzg—h
Also the velocities of B and C along BC are
equal ie.,
' vy cos 45° +uy cos 45° =u ...(6) Tv=f2_g—h

Just after collision

...(1)

I;tthe ;ir‘ne of ;:c;)lli‘sioﬁ

T

2.\2gh

At the time of collision of two balls relative
velocity of approach = 2/2gh

Hence relative velocity of separation will also

be 24/2gh (collision is elastic). Hence the

string becomes tight after the same time
' : !

2/2gh

i
Hence the total time will be 2¢ o
J2gh

1{05 .
121. (a) In the figure B = sin (1—2) =2462

_)
An impulse J acts on the sphere in the
direction of A’O due to which velocity
component of sphere parallel to OA’ becomes
zero.

Uo

DA
o 05m

Applying impulse
= change in linear momentum

J =mug cos B

o d 3
O RTINS 2 cos 2462°
vo = 1.65 m/s
(b} Velocity = component of  sphere

. memendicular to OA’ will remain
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. . ——0

unchanged i.e. velocity of sphere after the n

cord becomes taut is vy sin p or 0.687

m/s. Therefore loss of energy is-

AE= —;-m(vi2 - u?)
=2 (211657 - 0687
or AE=2251]

122. Ball A is free to move in a plane (after Just after collision

collision). So its velocity can be resolved in
two mutually perpendicular directions. Let us
resolve it along common tangent and
common normal directions. Let v, and v,, be
the corresponding components in these two
directions. Ball B is attached to a vertical
string. So, just after collision its velocity will be
horizontal. Let it be v.

CiCy; =2r (r = radius of ball)
PC,=r
. £LPC,C, =6=30°
(i) Velocity component along tangent
direction remains unchanged. Hence,
Vg sin B =y,

or ut=2é‘l (as8=230° ...(1)

Just before collision

(i) Linear momentum along horizonta) Wi
remain unchanged. Hence,

mv —mu; cos 30° - mu,, sin 30° =0

N3, v

or -t -

V- 0 v
(iii) e = 1. Hence,

relative speed of separation

= relative speed of approach in common
normal direction,
U, +Usin®=ug cosO
v _ 3y
2 2
Solving Egs. (1), (2) and (3), we get
v=0.693v, v,=0520, and uv,=0.5,

vg’ = 0.693v,

or v, + (as 0= 30°)...(3)

n

{horizontally)

-
or v, =qvl +v? =0.721y,

o =tan™! (”—) =46.1°

U

Hence, v’ makes an angle of (46.1° - 30°)or
16.1° with horizontal as shown
va'= 0.721u,

16.1°

v solutions
198. Let v, be the velocity of block m relative to the

189

bigger block M at highest point as shown and
p the velocity of block M. Then absolute
velocity of block m will be v, —v. Applying
conservation of linear momentum in horizontal
direction, we have

mug=Mv -m, - )
or (1)(20) = (2jv - (Dv, - v)
oo 10v-v,=10 (1)
From conservation of mechanical energy we get

1
L mug? = mgt2R) + £ Mo? + L, - of

or %m(zmz - 1102 + %(2)«:2

1 2
~ M. -

+ 2( Yo, - v)
or (v, - v + 202 = 360 ..(2)
Solving (1) and (2) we get

v,=75m/s
Now fromh = %gt2 we get
tDE=t=‘/% th =2R)

= szz 06325
10

Hence BE =)t =7.5x0632m
or BE =474 m

124. (a) Let v be the velocity of the car when it has

cleared x-distance as shown in figure and
let m be the mass of it (including the load)
at this instant. Then thrust force on it (due
to change in mass) will be gv in backward
direction. Hence

125.

F,=—qv or ma=-gqv

or mu| —|=-qu
dx
From conservation of linear momentum

mv =mgyYg

Hence m v(dv)— qu
oUo| - |=—
dx

or movoﬂ= - qdx
v
vg E[l=_ L
or mqyvg IUO - qIO dx
Solving this we get
=gt
vy =vge™ ™

{b) From conservation of linear momentum
mass of the car and its load at that instant
will be

Mgy
Uy

al
or my e™ %

Initial momentum of the
particle is
p=mggT

Mass of the particle at
time tism = mge"’ T
Therefore force acting on
the particle at time ¢ is

F=-mg=-mge'"g

+ve

Impulse = change in momentum.
or F.dt=dP

Let t; be the time when the particle is at
highest point. Then

final
ZF . dt=jmw dp

to
or J. (_ mOQet/T) dt= Pfinal — Pinitial
0

or —mggT (€T —1)= 0—mggT
or e/T=2
or to =T In(2)

Mass of the particle at highest point is
mge'®’T or 2mg as e'*’T = 2.
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126.

Note:

127.

Let v be the velocity of the rain drop at time ¢
and m the mass of drop. Then

= (myq + 1it)
d (mv
Fext = ijt )

Here external force is mg.

Hence (mg) = % {mv)

oF  (my+ug= gt (mo)

or (mg + pt)g dt = d (mv)
or .[(mo +pt)gdt=jd(mv)'

g

or Lm0+w) gt=mv +C,
att=0, v=0 .. C1=O
or (mo+%t)gt=mu=(mo+ut)gi

e Jo(“i)

- sfu(e2]

The above integration can be done by taking the

substitution x = 1+ .
mg

Let n be the frequency with which bullets are
fired and m the mass of each bullet. The loss of
mass per unit time is

aM
M
( dt ) "
Urelative = U (given)

Therefore, thrust force on the cannon is

dM
Fi=uy (— ?)

or - F.=mnu (backwards)
and frictional force on it is
f=uMg (forwards)

Here M is the instantaneous mass of cannon.
At time ¢

= (M, - mnt)

128,
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f=ug (Mg — mnt)
Therefore, net force on cannon at time t is
Fra=F - f (backwards)

or M (%)- {mnu) -~ (UMg)

dt
dv= — — {ug)dt
or v = (mnu) v ug)

J. du—mnu)j (u)jdt

Omt

1 t
= - = |n ]y -mnt)] -
orv (mnu)( mn)[ o~ mnt)}, ~ ugt

or v=-uln Mo - mnt — gt
My

or v=—u1n[—1\iJ—ugt (Mg - mnt = M)
Mo

- M,
or uln(M) ugt

(a) The co-ordinates of centre of mass (point
C) of the moving part is %:‘-

C
. — ;
x=0 g ;5 X Xx=1im X=22m
3x
XC=—4"'
d 3dx 3
== (X )=====
ve= g X=g g T g™
(as%=;m/s)
{b) Linear momentum of moving point is,
P=mv.

where v = 1 m/s and m is increasing uniformly
with time.
The net force on the moving part is thus,
_dP _dm b+ dv dv
da dt dt

Here Z—T can be found with the help of

following argument.
The moving end of the carpet starts from the
origin and the whole carpet will be moving

129.

130.
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when it reaches x =2 m. This will happen
after 2 seconds. Hence,

dn 1

an _ 2k

a2

- Fn (neglecting all dissipative forces) = % N

By COM
m+1Yu=1x10 = u=5ms"

So, the combined body will move up the
plane and after a certain time it will come back
to its initial position with velocity 5 ms™ 1 and
time t’ = 2 sec.

Now, M is jerked into motion, thread
becomes taut, a sharp impulse is exerted by
thread to M and combined body.

Let impulse is |

So, Myy=1 (1)
m+Yvg=m+Yu-=-! . {2)

= vo=2ms™!

Now, M will move with retardation. Let
retardation is ' b'.
So, T-m+1)g.sin30°=(m+1)b
Mg-T=Mb
= b=4 ms®
~ Maximum height ascended by M,
0?=22-24s
diln
8 2
Time taken to reach that height
0=2-4t
t=0.5sec
total time = 2 + 0.5= 2.5 sec

Consider the ref._rence axes as shown in figure.
A U

y
The co-ordinates of the particle as function of
time is given as :
x =ut=10t

and y=%gl&2=5t2

Eliminating t, we get the equation of trajectory
of the particle as

X 2 X2
y:s(_ﬁ) =X (1)

The equation of the frame can be written as

x2+y?=21; x20, y20  ..(2)
Solving Egs. (1) and (2), we get the
co-ordinate of the point where the particie
strikes the frame.

v?2+20y-21=0
or v?+2ly-y-21=0
or yly +21) - (y + 21) =
or v-1)(y+21)=
Hence, Fy=1 [v=-2l,asy20]
and x =20

The particle will strike the frame at B whose

co-ordinate is given as x = ¥20,y=1m,

The y-component of the velocity of the

particle just before it strikes the frame at B is
=2xgxy=2x10x1

or uy=«/-2_0=2\/3m/sb

x-component isu, =u =10m/s.
Resultant velocity is

J10? + (2v5)? = V120 mys

The resultant makes an angle 6 with the
horizontal, where

tan6=-2£———0446 or 9=24°

10 s

P Uy
"

The line AB, which is normal to the surface at
B makes an angle o with the horizontal where

1
tan o0 = —— = 0.223
v20
or o=13°

The resultant velocity vector makes an angle
of 8 — o = 11° with the normal (AB).

Since, the particle rebounds elastically, it will
return back with the same speed making an
angle of 11° on the other side of line AB.



192

Problems in Physics 2

After collision the velocity vector of the
particle will make an angle of (20— 6) = 2°
with thc—;:k horizontal, as shown in figure.

Horizontal component of velocity after collision
is
v, =+120 cos 2° =10.84 m/s

Vertig:al component is
vy =~ +v120 sin 2° = - 0.38 m/s

Negative sign indicates that velocity is in
negative Y direction (upwards).
Time, the particle will take to cover a
horizontal distance of 4.48 m (see figure) is

A

448 m

vy

-48
t= 448 =04
10, 0.41 sec

In this time the distance covered along Y-axis is
y=—038x041+ % x 10 (0.41)% = 0.68m

which is less than 3.59 m.
Hence, the particle will not collide with the

frame again.
131. Angular speed of particle about centre of the
the circle,
_b2 — ot = U2
0=2 g=@t="2
R 'R '

- . 2 ¥}
v, =(-vz sin81i + v, cos6tj)

132.

133.

s . Vg 2 Ug 2
or vp=[—vzsmE2t1+v?_cosE2t})

and U, =v;]

+ linear momentum of particle w.r.t. man asa
function of time is

I -3
Ly =mlU, - U),)

[ AT v 3
=ml(—u2 sm—th)i +(v2 cosEZt-m)J]

(@ x1 = vgt — A(l ~ cos o)
me = M = Uot
my + moy

X9 =Uot+ mIA(].“‘ coS(Ot)
my
2
_dx _

2
a =——5=—-m0° A coswt
dt

(ii) -

The separation x, —x; between the two
blocks will be equal to I, when a; =0 or
coswt=0

Xp—X; = % Al - cos &t) + A(l ~ cos )
2

or 10=(ﬂ+1)A
my

(coswt = 0)

Thus the relation between /5 and A is,
Iy = (ﬂ + 1) A
my

(i) 100 m/s velocity of the cannon ball is
relative to ground.

{Unless and until it is mentioned in the

question, the velocity is always relative to

ground]

K tions
 golutions

193

Horizontal component of its velocity,
u, =u cos 30° uy

or u, =(100) —? m/s lﬁ;’ﬁo ™
= 50v3 m/s '
and vertical component of its velocity,
u, = u sin 30°
or u, = 100% m/s = 50 m/s

Vertical displacement of the ball when it
strikes the carriage is <120 m or

sy=us,t+-12-ayt2

Y (vertical)
I—» X (horizonta!)
a,=0and
ay=—g=-10mls2
= -120=(504 + (-12-) (102
= 2-10t-24=0
= t=12so0r-2s
Ignoring the negative time, we have
to = 12 S

(ii) When it strikes the carriage, its horizontal
component of velocity is still 5043 m/s. It
sticks to the carriage. Letv, be the velocity
of (carriage + cannon ball) system after
collision. Then applying conservation of
linear momentum in horizontal direction
{mass of ball) (horizontal component of its
velocity before collision)

= (mass of ball + carriage) (v,)
(1 kg)(50V3 m/s) = (10 kg) ()

vy = 5V3 m/s

134.

The second cannon ball is fired when the first
cannon ball strikes the carriage i.e. after 12
second. In these 12 seconds the car will move
forward a distance of 12v, or 60+/3 m. This
ball will strike the carriage only when the
carriage also covers the same distance of
60v/3 m in next 12 seconds. This is possible
only when resistive forces are zero because
velocity of car (1) = velocity of carriage after
first collision {vy) = 53 mJs.
Hence at the time of second collision :

1 kg

10 kg

—> 5V3m/s

ux=50V3m/s BEZ

Before collision
11 kg

. After collision

Horizontal component of velocity of cannon
ball =50+/3 m/s and horizontal velocity of
carriage + first cannon ball = 5v3 mys.

Let v be the desired velocity of carriage after
second collision.

Then conservation of linear momentum in
horizontal direction gives :

11p = (1)(50/3) + (10)(5v3) = 1003

U=Mm/s orv == 15.75 m/s

11
In this particular problem, values are so
adjusted that even if we take the velocity of
cannon ball with respect to car, we get the
same results of both the parts, although the
method will be wrong.
Let v, = velocity of block 2 kg just before
collision (up the plane)
v, = velocity of block 2 kg just after
collision. (down the plane)
andvg =velocity of block M just after
collision. (up the plane)
Applying work energy theorem (change in
kinetic energy = work done by all the forces) at
different stages as shown in figures (a), (b) and (c):
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S

AKE = Wyiciion + Waravity
B-m w? —.(10>2}] = - 6 mg cos—mgh,
(m=2kg)
or vlz - 100 = - 2{6ug cos 6 + ghy] -
cos0 = /1 - sin?8 = /1 - (0.05)% ~ 0.99
< v¥ =100 - 2[(6)(025)(10)0.99 + (10)(0.3)]

or v;=8mfs -
Figure (b) :

(b)

ARE = W o + W,

gravity
~m 0 - (8))= - 6,1 mg cos + mgh,
1»—v§=2[—6ug cos 8 + ghy]
= 2[~(6)(0.25)(10)(0.99) + (10)(0.3)} = - 237
v3=247 or v,~5m/ss
Figure (c) :

135.

"AKE = M/friction + Wgravity
. .
EM [0 - v3] = —{05) () (M) g cos® — Mgh,

or —u§=~ugcose—29h2
orv3 = (0.25) (10) (0.99) + 2 (10) (0.025)
or  v8=2975 . u;=172m/s

Now (i) Coefficient of restitution
_ relative velocity of separation
" relative velocity of approach
_Uptus_5+172 672

v 8 8
or e~084
(ii) Applying conservation of lineg
momentum before and after collision.
201 = MU3 - 21)2
M= 2(01 +02)= 2(8+5)=—2é-
U3 172 172
M =15.12kg

Hence, the mass of block M is 15.12 kg
() Mass of water = (Volume) (density)
~ A

/F
mo=(AH)p
my
=— (1
Ao {1)

Velocity of efflux, v = \/2gH = ‘/__2:0 g
’ ' p

Thrust forcz on the container due to draining
out of liquid from the bottom is given by,

F = (density of liquid) (area of hole) {velocity
of efflux)?

.. F =p{A/100)? = p(A/100) (%";—g)

195

solutions
/
F="od large sphere in final position. Then
50 x-coordinate of COM find will be '
. Acceleration of the container, x; = (4M)(x) + M{x - 5R) _ (x-R) ..(2)
a = Fimy = g/50 M + M
a= g/50 Equating (1) and (2), we have
x=L+2R

{ii) Velocity of efflux when 75% liduid has
been drained out i.e. height of liquid,

or

136. Since all the surfaces are smooth, no external
force is acting on the system in horizontal
direction. Therefore, the centre of mass of the
system in horizontal direction will remain
stationary.

C4C; = 5R (in both cases)

C, = (L+5R,0)
Initial Final

Initial x-coordinate of COM will be given by
x. = mXy + MoXgy

C,=(x-5R,0)

! m; +my

_ (4M)(L) + M(L + 5R)
4M + M
Let (x, 0) be the coordinates of the centre of

=(L+R) ..(1)

137.

Therefore, coordinates of large sphere, when
the smaller sphere reaches the other extreme
position, are (L + 2R, 0)
Given my =102 kg: A=10" m?,

vy =10° m/s

and Py =p =107 kg/m?

m =myg + mass of dust collected so far

or m=mg + Axp
The linear momentum at £t = Qis
Po = Mgy

and momentum att =t is
’pt =mu = (mgy + Axpl
From law of conservation of linear momentum.
Py=P,
mgg = (Mg + Axp) v

or My = (mo + Axp) 'I

or (mg + Axp) dx =mgg dt
150
or [ tmo + Axp) dx =mgp, [ 7 dt

2 X
or (mox + Ap x?) =[mqupt] })50
: 0

2
Hence mgx + Ap% =150mgyu,

Solving this quadratic equation and
substituting the values of my, A, p and vy, we
get positive value of x as 10° m. Therefore

x=10°m



138. (i) Angular velocity of the ring is

139.

Ya

v
=—, 0=t =
© 7 o, OA

PB=Rsin®=Rsinwt
and AB=AC-BC=R-Rcosut
=R {1 - coswi)

Hence position vector of poth atany time t
would be
-9 ~
=x1+yj=(0A-PB)i+AB]

=t~ Rsinwt) i +R(1- coswt) jv=Ro)
-—)

=R (ot-sinot) i+ R (1 -cos wt) ]

_.)

- d .
(i) v, =—a:i =Ro (1 ~cosot) i

+ Rosinot ]
ave - dvp ’ 2 ~ A
(iii) apf—‘—“—=Rw (sin ot 1 + cos wt j)

2 AOB=135° _:ZE rad

R ANE:
AOBA= - 9 —_—l=] - -
w0+ F)-(5- o)

By sine theorem

sin (—Z— - ) i sin (37:5)
or sin (—} - 9) == [sm 3—”]

Differentiating with respect to time we get

do 1 . 3=m| dx
—{ (Z-_e)}dt {Zsm 4}dt ..(1)

The velocity of A is towards left in which
direction, x is increasing. Hence we can take

dx =4m/s and 6=—

dt
substituting these values in equation (1) we
get

—cos(—n—)-§= lsin (:—3?—) 4
12) dt (4 4

or % =~ 0732 rad/s
or o =~0732rad/s

Here negative sign implies that® decreases ast
increases.

Again differentiating equation (1) with respect
to time, we get

[resl-o) 2} -fon (-0 ()
fLon ()2

Solutions
-S0luticr=

140.

197

substituting the values
0= P__o732
6 dt
2
and % =~ 5m/s?
in the above equation. We get
dze = 0.771 rad/s?

Since there is no slipping, static friction will
act. Normal reaction at bottom will be zero.
Cylinder will rotate about point of contact M
as shown in figure. Drawing free body
diagram of cylinder

P sin30°

P cos30° A

W = weight of cylmder
=25g=250N
AB = AD - BD = (0.3 - 0.025)
=0275m
MB = /(MC)? - (CB)?

=015y - (015~ 0,025

=008 m

Cylinder will rotate about M
when anticlockwise torque > clockwise torque

or (P cos 30°)(0.275) + (P sin 30°)(0.08)
> (W)(0.08)
or 0.28P > (250) (0.08)
or P>714N
Therefore, minimum value of P is 71.4 N

From the above two figures it is clear that

sing = D-d
D+d
and cosa =41-sinZo = ?D'iﬂ;

Let N; be the normal reaction between the
two cylinders and N, the normal reaction
between smaller cylinder and the horizontal -
plane.

The larger cylinder can be pulled over the
smaller one provided the latter neither rolls
nor slides.

There will be no rolling provided the sum of
the moments of the forces about C, is zero.

o uNd = uN,d
or Nl = N2 (1)
There w1ll be no sliding provided the sum of

the resolved parts of the forces in horizontal
direction is zero.

< N5 +pulN; cos(90° - a) = N; cosa.

or uN; +plN; sin o= Ny coso
(N2 = Nj)
or U (1 + sin o} = cosa
or u[l+l_3;c_l_)___2\/5d_
D+d) D+d
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' d ~ -~ ‘ B
or 2D=2JyDd or p= \/; Therefore ay and (acro), are equal apg
Hence the necessary condition is that oppostle as s}lc:wn i figure (2). 2
L2 d Therefore lac|=r0)2=rv—g=92
D ror
. v a . (a) The sphere has no linear velocity when j
142. (i) o= TO and o= To (in case of pure starts rolling i.e, it has only angul;:
rolling) : velocity say @ when pure rolling star
The acceleration of A can be @woh such that
written as : or=uv; or m:v_l.
- - - 90 '
ap=a,+ as o 5 Angular momentum about the bottommost
N | point will remain conserved because
Here a o o= acceleration of @ woh summation of torque of all the forces including
A with respect to O. (@) fricﬁo_n is zero about bottommost point. Hence
- o - - L, = Lf (L = angular mometum
or aA=aO+(aA/O)n+(aA/O)t 2, o )
or mrv0=lo)=g(mr)—l
Here la,|=a, 2 '
= Vg = -0y

Here (agy o),

- 2 v 2
(amoll=ro0% =1, (70)

H a
and I( aA/O)tI= roa = ro (_O)
r

_)
will be along AO and

.ﬁ

(a4 0); will be perpendicular to OA
- - -

Hence a,, (ay,), and (a,,), are in the

directions shown in figure (a).

212
[ao cos 6 + &%‘1]

- r
e IaAI=
2
S
+(ao sin p + 109
r
- - 5

@t
Here
g ¢ l
(acso) ,=rw?in the @olt

C
direction of CO and (b)

- -
(ac/o) =ra. = a, opposite to a,

5

(b) Frictional force acting on the sphere is
prmg till sliding is present. Hence

retardation of the sphere is
a=E"S K8
m

“Now linear velocity of the sphere has reduced

to zero from initial value v,. Hence
O=vg-at
2,
5!—"1_; 'e

or tl=20_=
a

2

(c) From v% =u? - 2as

We have 0=0vZ- 2 k9)s

. 2 2
or s-—ﬂ_- 205

T 20,8 25,9

144. Writing the equations:
o v

- _golutions
| sations

145.

199

Forrod 1:
mg ’§ sin 37° + Fyl sin 37° — Fyl cos 37°

=%—a1/ ..(1)
For rod 2:
mg — F; =maq; ...{2)
F2 =mas (3)
I mi?
—=— ...(4
12712 %2 @

At point P, acceleration of both rods should be
same.

loy cos37° =a, ...(5)
and lo; sin37°=q; - '5 oy ...(6)
We have six unknowh, F, Fp, 04, 05, a; and
an)'lving these six equations we get,
0y = 0.423 %
| Ua =204

= I
Ug = Ugl — UgJ

- e -
UAB=UA—UB=Uol+Uoj

|05l = V200
tanf=1 = 06=45°
with the positive x-axis.

146. f =umg

t; = time when linear velocity is zero, if possible.

t, = time when angular velocity becomes zero

147.

velocity

A

Yo
2ng
t, > t, so it would not return.

For rolling, v, =R

vo—pgt=(_ﬂ).+_a’_l..g_t)R

= t2=

R R
-2
3ug
: 2v9 U
. vt=vo—u9tévo—ug§;—=§°

t

lnstantaneyous axis of rotation passes through P.

From conservation of mechanical energy,
decrease in gravitational potential energy =
increase in rotational kinetic energy about
instantaneous axis of rotation. Hence,

L, . 1
mg§(1-5m9)=§1,,w2 (1)
Ip =Ic + m(PCF

mi2 LY ml?
="1'2'+'"('2') ~3

Here,
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~¥Siey
Substituting in equation (1), we get, perpendicular to the lamina and Passig 149. Drawing free /ody diagram of rod  150. (i) Applying the conservation of mechanical

through C.
©= %9 (1 sin 6) roug

immediately a

¢r the string breaks. energy between the vertical position (1)
p and the horizontal position (2)

(KE + PE), = (KE + PE),

d(o d% -
Further — == A S L_1,.,2
a2 /_L_ (1 sin 6) S O+mg2—21Am
b} [ bl
TrrTtoA L_1(mL®) o - 38
{_—39 cos 9} L N & ormizTe (T]“’ or 0=\T
L dt y :
de 3 . . Considering the free body diagram of the bar
But —=on=_2(1_sing) 2) at this instant.
dt L Velocity of COM of bar at this instant is
d’
Ll @) y o
Hence I,=I, +I,==(%+b? X L
‘x-coordinate of centre of the rod, 12 =g
L : Mb?
xC=§cose Lx=1xmx=fa)cose ) —wé— [3gL
2 T2 2

Differentiating twi ot ti
g twice w.r.t. time, we get L,= Iyu)y = ]:”2 ®sin®

d?x L do? 4 Let o be the angular acceleration of bar about
3 =~ 5 Cosb (*) A at this instant. Then
dt 2 dt and L,=Lw,=0 (®, =0 Then LF, =0 L
L A - Total angular momentum of the lamina is a, =0 ..(1) Ta ™3 _3g
——sinH 4 - g=-A=_ _£_°-2
2 &) L=l i+l,j+L,k o=ty _ma-T (2) o m? 2L
m m 3
The bar leaves the contact with vertical wall °
when normal reaction (horizontal) between L = —(b2 cos i + 1% sin 6 j) o=2= TL cos 320 3V3T ...{3) Now N, = centripetal force of COM
wall and bar is zero or force in x-direction of ! m (2L) 2mL mvf 3mg
the bar is zero. This is the angular momentum of the lamina 12 or x = /2 = 2
a, =0 about C. Now just after the string breaks, acceleration _ 1
d?x . - of point A in vertical direction should be zero. and mg - N, =ma, (1)
or e =0 .(5) Note that L is not along ® B X
dt N
From equation (2) to (5) we get, Component of L :lohg axis of rotation : _ y :x A_ C B
sin@ = _2_ The component of L along axis of rotation or T I
3 N Ny mg
At this instant the lower along o l_i L
" end has moved a distance L - 4 a, = acceleration of COM in y-direction=— a
L _L.o_ M, o, P y 2
given by, . ACB = =1z (b° cos®1+14sinbj) L
5 R . =mg-m|—
d=Lcose=§L (@cos®1+wsinbj o N, =mg m(za)
Mo .
148. X and Y are two mutually perpendicular axes 12 (6% cos 8 +17 sin 6) ie., a, = Lo cos 30° ~(4) =mg - 3mg _mg ..(2)
lying on the plane of lamina and passing L =q 2041 sin? Solving equations (1), (2), {3) and (4) we get 4 4
through centre of mass C and z be the axis acg =(lx cos” 0 +1, sin" Q) = I 1cp @ 33 g Therefore, resultant reaction at support A is

_ 2mg _
(acg =1, cos?0+1,sin?6) T=~7 ad a=—0 1 sz




151.

Therefore, reaction at pivot is —%—7— mg

atan angleo = tan! (%) with horizontal.

(ii) After the bar is released from the support
only one force 'mg' acts on its COM. The
angular acceleration thus vanishes and
the angular velocity becomes constant.
Hence

o) =39l and o) = __~/329'- + gt

The centre of mass C of the combined system
is located at a distance d from the lower end B
of the rod such that '
06x30+03x45
BC =d= =
06+03 35 cm

Let v be the linear velocity (in horizontal
direction) of COM and » the angular velocity
about COM immediately after collision. From
conservation of linear momentum

mug = (M + mjv
my, _ (0.3)(24)

or v=

“M+m 06403 °™s A1)

152.

Problems in Physicg

Similarly applying conservation of angula,
momentum about COM we have

mug)(PC) = Iw

[ M2 2 2

= ET3 + M (0.35 - 0.30)* + m(PC) Jm

or (0.3)(24)(0.45 - 0.35)
[(0.6)(0.6)2 .

2
1 (0.6) (0.05)

+03(045 - 0357 ¢

ie., ® = 32 rad/s {2

Rod will become horizontal for the first time
when

or t=—=——"—=005s

Horizontal displacement of COM in this time
is

x =vt=(8)(005 =04 m

or x=40cm
Vertical displacement of COM is

y= % gt = % (10)(0.05)2 = 00125 m
or » y=125cm

Initially COM was at a height of 35 c¢m from
the table. So after t=005s it will be at a
height of (35-125)=3375cm from the
table.

So co-ordinates of COM will be (40.0
cm, 33.75 cm) with respect to the edge
of the table.

{a) Maximum frictional force can be
fmax =umg
where m = mass of block
Therefore, maximum acceleration of block
can be
Gnax = .
m
_bmg o frmae
m

=(05)(9.8) = 4.9 m/s?

jons
Solutions

203

If acceleration of car, exceeds this value
slipping will start between the block and the
car.

(b) In the critical case when the block is about
to topple about A, normal reaction will
pass through A.

N

A f = frictional
force
f=ma ...(1)
N=mg ...(2)
The block topples when torque of f about
G > torque of N about G.
Taking the limiting value
T[ =1TN
or (f)h) = (N)(b)
or (ma)(h) = (mg)(b)
b 06
=|[=]g={—1(98
°’ ‘ [h)g (0.9)( )
= 6.53 m/s?

So, if the acceleration of car exceeds this

value, the block will topple about A.

(c) The maximum acceleration/retardation at
which the block is not disturbed, is the
smaller of the two values, obtained above
ie., 4.9 m/s?

Hence the maximum retardation can .be

4.9 m/s?

u=7250 _ 20 mys
hr
So applying
v? =u? - 2as v=0)
u? L9
s=— {a=49m/s%)
2a :
_ (20°
(2)(4.9)
or s=4082m

153. Drawing free body diagrams of all the three

{block, plank and mass)

Since we are taking the limiting case.
Therefore,

f =maximum friction between the block and
the plank.

or f=pN=pMg=p 4)g

f=4ng (1)
Now writing equations of motion for all three
mg-T =ma (m=1kg)
or g-T=a : (2)
T-f=Ma (M =4 kg)
or T - 4ug =4a ...(3)
f=Ma or f=4a or 4ug=4a
or a=ug (4)
Solving equations (2), (3) and (4) forp, we get
1
=3

Therefore, minimum value of u should be % or

1

>
H=9
{b) Atthe time of toppling, normal reaction IN
will pass through the front edge as shown

below

.

So, torque of T about P < torque of Mg about
p



204

154.

or T -h<(Mg) (g)

<

From equations (2), (3) and (4) we can find
that

(M =4kq)

- )

Therefore, minimum value of B so that .

the block does not topple is g

By symmetry frictional force wilt be same for
both the rollers. Let f; and f, be the frictional
forces between beam and rollers and between
rolleres and plane. Drawing free body

diagram of beam and any one of the roller. .

N

Beam Roller
Let o be the angular acceleration of roller

about its COM and g, its linear acceleration
up the plane.

For beam :
F cos 30° - 2f; - myg sin 30° =mya
(a=1m/s?
or 087F - 2f, = 600 S|

For roller :
fi = fo — myg sin 30° = mya,
or fi = f2 - 100 = 20q, ...(2)

Problems in Physiy |

yof_ Lt BIR _(f + )00
I %msz % (20)(01)2

or a=fi+f, f3)
As there is no slipping at contacts. Therefoy,

ag = Ro. '
or a;=01a {4
and agy+Ra=a or 2a3=a
or 20p=1
or ag = 05 m/s? .5
Solving the above equations we get

F =82184 N

155. Let a = the linear acceleration of the systey

down the plane.

o = angular acceleration of each body = %
F = force in the frame

fy = frictional force between sphere and plane
fp = frictional force between cylinder and
plane

W =mg = 200 N = weight of each body
I; = moment of inertia of sphere about centre

=§mR2=3R2 (m=20kg)

I, = moment of inertia of cylinder about centre

- % mRZ=10R?  (m=20kg

Free body diagrams of sphere and cylinder
are shown below -

Cylinder

For sphere :
Tl = 11(1

156.

5
solutions 7 20
- 2' 2 a _ 1 t2 _ 1(2 tz
or f1R=(8R )(a)=(8R) (EJ=SGR or S—-éa -—E '§
or fi=8a (1) or 4=t43 (s=4m)
Wsin30°~F - f=ma or t=12=2/3s
or 100- F - f, = 20a --(2) The linear velocity of the cylinder relative to
For cylinder : truck is
10R?){ 2 b=at={2|23="tmps (leftwards)
=10 or fR=( )E p=at=|g 7
or fo =10a (3) In the same time, truck has acquired a forward
; locity.
Wsin30°+F - fo=ma ve ‘
" 100+ F fz =20a (@) v =agt=(1) 2J3=2/3m/s (rightwards)
o —fo=
i i 2), (3) and (4) we get Hence at the moment cylinder leaves the
Soling equations ;1,);’5( IZJ (3 and (3) we g truck, it is moving with a linear velocity
res 2 v=v, -V =i—2x/_=——?—m/s
Acceleration of truck ay=1m/s" (towards SUroUrE 3
o 2 (rightwards)
Let a be the linear acceleration of centre of or v= —J—§— m/s rightwar
mass of cylinder (towards left) with respect to -
truck and o be its angular acceleration and its angular velocity is
(anticlockwise) about its centre of mass. o=l = 4 _ 8 rad/s (anticlockwise)
Drawing free body diagram of cylinder with R J3x05 <3 kwise

respect to truck.

Pseudo force
mag

f (friction)

°=°°"7{I D)

_t._fR _2f (2

a_l—lmRz mR @
2

Since cylinder rolls without slipping on the
truck, we have

a=Ro ...(3)
Solving equations (1), {2) and (3) we get

2 2 2
a=30=30=gms

with above acceleration, cylinder covers a
distance s = 4 m on the truck in time ¢ given
by

Once the cylinder leaves the truck, there is no
external torque on it about centre of mass axis
of rotation. Hence its angular velocity and
linear horizontal velocity do not change.
Therefore, when it touches the ground, it does
not perform pure rolling. :

2
v =f§- m/s
f=frnax=pmg
8
W=—— rad/s
J3
Friction acts backward.

Linear retardation

w=1= pg = (040 (10) = 4 m/s*
m

and angular retardation
wotobmaR_ g _2X8 16 il

R 05
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206
Linear velocity becomes zero in time t; given by: {downwards)
2 am
tl = l = ﬁ = _1_ s Cc G B
ad 4 23 == x
and angular velocity becomes zero in time t, u ) 11(”1 +2aw)
ngen by : I(ibk——a—ﬂ
8 The law of restitution now gives
= O _3_ 1 Relative velocity of separation at point of
o 16 23 impact = e (relative velocity of approach)
Since b=t or Ug = (uy — aw) = e (u + u)
i.e, linear velocity and angular velocity Bute =1. Hence
become zero simultaneously. Hence the 2u=uy-u; + aw .4
cylinder stops in time ¢t = 2_1«,/3 s. Solving equations (1), (2), (3) and (4) we get
9 12
Distance (d) moved by cylinder during this U =—2u, Up=—uando = 2
fime is - 19 19 194
2 Therefore,
(—2—) (a) the speed of the particle i 29
=i=‘/§ 1 peed of the pa celsﬁu
2 24) 6 ) (downwards)
157. Immediately after impact, let the speed of rod (b) the angular speed of the rod is <= 12u
be u), the speed of the particle be u, (both / 19 a
downwards) and the angular velocity of the ; _27
rod about G, the centre of mass is ®. (c) the speed of Bis v, + 2(_1&) - Eu
7 3) = impulse = E)At (downwards)
G Gy T +wve  158. Theinitial direction of motion of P is not in the
- l D D) @ " 7o direction of impulse. Because the direction of
J I VJ impulse is not known. We use two unknown
> u components J; and J;, and an unknown
Using impulse = change in linear momentum initial speed u for point P.
fcotherod J = - 3muy; - (-3mu) ‘lz_ -4
=3m{u - u;) --(1)
for the particle
—J=—mu2—(rhu) :
or J=mu +uy) ...(2)

Using, angular impulse = change in angular
momentum of rod

1

Joa=l-=-- 2

a=lzQ 12(3m)(4a) 0]
=4ma®o ..(3)

In order to use the law of restitution. We need
the speed of point C, which is u; — aw

For the motion of the centre of mass : /

Jy=mlu cw

Jy =m (u sin 60° - aw)

m(——amJ ...(2)

For the initial rotation

jons
Solutions

159.
" collision about an axis passing through D.

Joa =0 =ma’ ..3)
Also given
J? + I3 = (7 mo)? ...(4)
Solving equation (1), (2), (3) and (4) we get
u=4v

Therefore, the speed of P is 4v.
Let @ be the angular velocity of cube just after

From conservation of angular momentum
about an axis passing through D

mu (40) I
3 D’

2
Here Ip=Ilgm+mr

where r = perpendicular distance of axis of
rotation passing through D from centre of
mass (com) of the cube = J2a

2 2 1
or 4"""’:rM 4a” +407 ), Medd) o
3 l 12
or 4'gva=§Maz-m ’
1 mu
== .{1)
or ® > Ve

The cube will topple if its COM is just able to
reach in a vertical height h, as shown in figure
(b).

0=0
Fig. (b)

Fig. (a)
hy=a and hy,=+2a

Hence, applying conservation of mechanical
energy

%IDa)z = Mgh, — hy)

160.

3
(ID = g Maz)
1 2
or 5(%) v’=ag (ﬁ-l)
1
or o= %[309 2 -112

oc=2% op=r
T

Hence CP = ,/(OC)Z + (OPY?

or CP =1185r

If there is no slipping, then instantaneous axis
of rotation passes through P.

Angular acceleration of ring about P is :

o= T2 - ma)(CO)
I (2mr?)
{mg) (%)
=l 5 (1)
{2mr©) r
Acceleration of centre of mass
=(CP)()
=(1185 )( ) (11:5)9 ...{2)
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From Newton’s law V2g g -
X Fy=ma, —g o8 45° or s~ and vertical componepy
_N= -
o ma m ay. of ag is —= V2g sin 45° or g¢
or mg-N=masin@ 8
1185 2r 1 AC r/4 1
or mg—N:m(—) (_) (c) tan="T=""=_
r )= 1185r AP r 4
2 or 0=14°
=—mg= 02mg 3
. and PC:,/2+’—=1.03r
or N=mg-02mg 16
or N=08mg ..(3) Acceleration of centre of mass C 1s
ZF, =ma, ac = (PCl CTs
or U N=(m)(a Ccl)sles)5 =(1 03,.)( ) - ';167 z,
8r
or u, (0.8m )=(m(' g) !
* s ) T 1185r Hori -
or i, =0398 orizontal component of a is
Therefore, minimum value of static a, =ac cos@ = 9 __ cos14°=0125 g-—-
friction is 0.398. (7.767)
161. Hoop rolls without sliding. Therefore, f=(4m) a, =05 mg—

.. Horizontal

instantaneous axis of rotation passes through
the bottommost point.

N = normal
reaction

C is the centre of mass of the hoop and the
clamp

where AC=1 and CB:&
4 4
(@) a=—P__ M -9
Ip 6mr? +2mr ore 8r

(IP = Ihoop + ]block)

Hence the angular acceleration of hoop is Si
r

(b) ap = (PBlox = (W2r) [i)zﬁ
8r 8

_)
component of ag s

162.

Similarly vertical component of ;:; is

a,=acsing= 7.'?67 sin 14° = 0.03gJ

Now 4mg ~ N =(dm)a,

Hence N=4mg - 4ma,
N=4m(g - a))
N=4m(g - 0.03g)
N=388mgT

Let acceleration of A is a (down the plane),
linear acceleration of B relative to A is a, and
its angular acceleration is «. N is the normal
reaction between Aand Band f the frictional
force between them.

Free body diagram of A is shown in figure (a).

. 30°

\4
mag+N=18+N

[N Y

tions
solutions _

163.
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(18 + N) sin 30° — f cos 30° =mja

or 05N-087f+9=18a ..(1)

Free body diagram of cylinder relative to A is
shown in figure (b).

mga=27a N
(Pseudo force)

ar
“—  mgg= 27 newton

(b)

I F, =mga,
. 27a sin 60° - f =mga,
or 234a-f=27a, ..(2)
LF,=0
N +27a cos 60° =27
or N +1.35a =27 ...(3)
T -r 2
*=1 1f 2 r_ng
‘ —2—m5r
substituting the values of mg and r, we get
o = 975f ...(4)
for nosliding a,=ra
or a,=00760 ...(5)

Solving equations (1), (2}, (3), (4) and (5), we get
(a) Acceleration of the wedge
a=71m/s?
{b) Angular acceleration of the cylinder
o = 53.9 rad/s?

The forces during impact are shown in the
figure :

Let the horizontal velocities of the ball and the
plank be v; and v, in opposite directions as
shown in figure :

Yo

1.

From conservation of linear momentum in
horizontal direction

my; = MUZ -(1)
Linear impulse on the ball in vertical direction
= change in linear momentum in vertical
direction. (J = Ndt)
Hence J =2mu, ...{2)
Linear impulse on the ball in horizontal
direction = change in linear momentum in
horizontal direction.

ud=my ..{3)

' Angular impulse on the ball about COM =

.164.

_change in angular momentum about COM.
&

uJ~r=Iw0=§mr?-m0 ...(4)

Solving equations (1), (2), (3) and (4), we get
| v —Zrm and v ——"l(grm)
1= 5 0 2= M\5 0

Now actual path of fhe ball is a projectile

whose time of flight will be
T = 2y _ 20
g g

Relative velocity of ball with respect to plank
in horizontal direction is

M+m 2(M+m
U, =u+ug= —]VI— Ul=g M rag

Therefore, the desired distance is

s=u,T
or s=2(M+m)vomo
5 M g

r=%m=0.5m.PandMare the centres of

mass of the two parts A and B.
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Let C be the centre of mass of the whole ring.
MP =2(032)=064 m

Then MC = (-13;) (064)= 0213 m

CO=032-0213=0107 m
#QC =/(0Q? + (COP? = /(05 +(0107)°
QC=0511m
Force diagrams is shown as below :

W=60N
F4 =60 sin30°
F, =60 cos 30°

(a) The ring will rotate about point Q.
=%
o Iy
_ {60 sin 30° (QO) + (60 cos 30°)(CO)
(Zn'] A + 2"] B) r 2
_ {60) (0.5) (0.5) + (60) (0.86) (0107)

1\2
2 et
( x4+2><2)(2)

angular acceleration,

oro.

or a =684 rad/s?

{b) Acceleration of centre of mass, C is :
a=(QC) () in the direction shown in figure
i.e., perpendicular to QC

=(0511) (6.84) m/s? = 35 m/s?

165.

(my +mg)a,=ZXF,
(my+mg)asin®=60cos30°- N
or N=60cos30°~(my+mg)asind
=(60) (0.86) - (2 + 4)(35) sin 11.9°
Hence normal reaction is
N =47.27N

Now

(c) my+mg)a, =ZF,
= (m4+mplacos®=60sin30°- f
or f=60sin30°-(m, +mg)acosH

= (60)(0.5) - (2 + 4)(3.5) cos 11.9°
.. frictional force

f=945N
{a) Net torque about point of contact of the
left spool should be zero. Therefore,
T (2R + R) = (mg sin o) (2R)

or ’ T=§mlgsina

(b} Considering equilibrium of block A

Fmax

Maximum value of friction>T

or foax 2T
2 .
or Umpug 2 §mlg sin o
or T 2m sina
3 my
<. minimum value of i is 2m sin o
3 my

(c) Equilibrium of block A gives

f=T=§m1g sin o

166.

167.

211

Now considering equilibrium of block B
kx=f=§m1gsinoc

Hence x = 2Mgsina

f

(d) Net torque about point of contact of the
right spool should be zero. Hence

T’ (2R - R) = (m,g sin a)(2R)
or T’ 3 2myg sina
But T¥=kxorT

Hence %mlg sin o =2myg sina

or —=3
m,
Angular momentum about end A
3L 9P,
I, =P, == =20
Po=Fogr T 0T gL

with this angular velocity rod viill strike nail
and move back.

Time taken to reach N,
4 2nmL
=—= {1
1" 20, 9P, ()

Let @” is the new angular velocity after the
collision with nail.
n _8wmL 2mmL _ 2mmL

fy=—— = - = .2

2" 20" 27P, 9P, 27P, )
= m':%
4mlL

Let impulse of nail be P’ then
L
P ==+
1 (O’ +wg)

(Again apply conservation of angular
momentum)

= P’ =12P,
Let the angular acceleration of the smaller ball
be a;, that of the larger one oy, their common

horizontal acceleration a; and the acceleration

of the cart a,. As the balls are rolling without
slipping, we have

and R(xz = ra1
and because R=2r

The moment of inertia of the smaller ball is
2 mr?, while that of the larger one with the

same density is Z x 8m x (2r)? = §4— mr?,
5 5

Using the notation of the figure, we can write
the following dynamical equations of motion:

F—Fﬁ.=Maz
8mg+N1—N=0,
Fﬁ—N2=&nal

mg—Nl=0, N2 =ma
Nyr cos ¢ — Nor sin ¢ = é mr2ay
2rFy, + 2rNgr sin ¢ — 2rNyr cos ¢
64
=—mr- o,
5
From these equations we can express the
force F as
F= (9m + 7 M )
2
The acceleration of the balls relative to the cart
is

cos ¢

=79N
1+sin¢g

5 cos¢

A= 0=  Trsin )



the system about point A will be:
I

Yy = ——

NE)

Therefore the magnitude of horizontal force
exerted by the hinge on the body is

F = centripetal force
or F = (3m) rwz

1
or F=03m)| — | w?
( )(ﬁ)w
or F = 3 ml 02

(b) Angular acceleration of system about
point A is

Now acceleration of COM along x-axis is

169.

Problems in Phys; T jons
Physig § solutions
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At the time t when the balls fall from the cart, / J3F
At . e

.1 t nce they have moved relative to the x J3 )\ dmi
cart is 7 As their initial velocities are zero, F
or a, =—
t= = =055 L
“Vaa § Now let F,, be the force applied by the hing,
N . S P . i : aJ - i : :

Note: it is interesting -that this stunt can’ dlso be ongx'axjs Then .
pérformed with trie srhatier ball in the hofizontal- i« E+F=@ma,
position; ¢ =0, In this situation the frictional F
force betweer' the balls balances the entire or Fe +F =(3m) 4_)
weight ‘of the smaller ball. What is- more, It is’ m
even . possible for ¢ to be negative, if the 3
coefficient of friction between the balls is or Fs +F=ZF
sufficiently large! '

168. (a) The di or Fo=-3%

e distance of centre of mass (COM) of * 4

Further if F,, be the force applied by the hing
along y-axis. Then:

F,, = centripetal force
or F, =3 ml 0®

Let r be the perpendicular distance of COMof
laminar sheet from the line AB and o the
angular velocity of the sheet just after colliding
with rubber obstacle for the first time.
Obviously the linear velocity of COM before
and after collision will be v; = {r) (1 rad/s) =r
- -

and vy =rw. v; and v; will be in opposit
directions.

Now Linear impulse on COM = Change in
linear momentum of COM

or 6=m(v,+v,)=30(r+rco)

!
1+o)=—
or rl+w) 5 (1)

Similarly angular impulse about AB = change
in angular momentum about AB

Angular impulse = Linear impulse x
perpendicular distance of impulse from AB

Hence 6(05m)=1,5(®+1)
[Initial angular velocity = 1 radsl
or  3=[lcom +MrA(1+0)
or 3=[12+30r%(1+ o) .2
Solving (1) and (2) for r, we get
r=04m and r=01m

But atr = 0.4 m, ® comes out to be negative
(- 05 rad/s) which is not acceptable.
Therefore,

(a) r = distance of COM from AB=0.1 m

(b) Substitutingr = 0.1 m in equation (1), we
get ® =1 rad/s i.e. the angular velocity
with which sheet comes back after the first
impact is 1 rad/s. .

(c) Since the sheet returns with same angular
velocity of 1 rad/s, the sheet will never
come to rest.

170. (a) Let just after collision velocity of COM of
rod is v and angular velocity about COM
is ®. Then applying following three laws :

(i) External force on the system (rod + mass)
in horizontal plane along x-axis is zero.

m Vo m
[ o 4 [ 4
L
2
CcCOoM COM v —» X
]
L
2

Before collision After collision

. Applying conservation of linear momentum

in x-direction,
mugy = Mu . (1)
(ii) Net torque on the system about COM of
rod is zero.
.. Applying  conservation of angular
momentum about COM of rod,
we get
mvo(£)=1(o or m00£=M£2.co
2 ' 2 12
or mug = Mlég)_ .(2)

(iii) Since the collision is elastic, kinetic energy
is also conserved.

—;-muo2 = —;: Mv? + %Ico2
2
or mug’ = Mv? + ML 2 .(3)
12
From equations (1), (2) and (3), we get the
following results

213
m_1
M 4 .
=M% and a)=6;;;i°
(b) Point P will be at rest if xo =v
or x=U=_Mu/M_ A
® 6myy/ML
or x=L/6
L L 2 v
= - ——=——-L
276 3 X
(c) Aﬁerﬁmet:%
angle rotated by rod,
ML 3y, M
m_1 . o.T
M 4 2

» Resultant velocity of point P will be

or

1.

-

|UP|="/EU X0 = v
=2 ™M
I(M)""
=QU =20 ’
4 ° 22

jopl= 2%

Pl2v2
In a complex type of motion of a rigid
body, we need to find two things (a)
velocity of centre of mass (b) angular
velocity about centre of mass. Because by
knowing these two quantities we can
describe the motion of any point on the
rigid body. For example :
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%

171.

Velocity of point P in the figure is the vector

sum of v and rw.

2. Inthe problem, angular momentum of the
system about any point will be conserved,
because torque on the system was zero
about any point but we conserved it about
COM, because angular velocity ‘o' of rod
about COM was required.

3. First two equations always hold good
(when placed on a 'smooth plane)
whether  the collision is elastic or not
but the third equation i. e, conservation of
kinetic  energy holds good only when
collision is elastic.

4. If the collision is inelastic (for even ifitis
elastic), apply definition of coefficient of
restitution (e) at the point of impact

o= Relative velocity of separation
Relative velocity of approach

For example, in this question, equation
number (3) can be replaced by :
v A A ul
— v+o0

v =v+£m
0 2

Because collision is elastic, therefore,

e=1 or relative velocity of approach =

relative velocity of separation.

We can choose any arbittary directions of

frictional forces at different contacts. In the

final answer the negative values will show the

opposite directions.

Let £, = frictional force between plank and
cylinder

* fp = frictional force between cylinder and

ground :

a; = acceleration of plank

a; = acceleration of centre of mass of cyjj
and o =angular acceleration of Cylingey
about its COM.

Directions of f; and f, are as shown here,

Since there is no slipping anywhere

a; = 2a, Al
(Acceleration of plank = acceleration of top
point of cylinder)

al:ﬂ ..(2) 3%
my
=0t 3 "
m
woh-BIR
I
(I =moment of inertia of cylinder above COoM)
as SR
Emle
2(h-f)
...(4
o mR @
For no slipping
02=Ra=g(ﬁ_—f2) “.(5)
m
Solving equations (1), (2), (3) and (5), we get:
(a) a = .8“}-
3m +8m,
and o = L_
73 m +8m,
3m F
b =—2
(b) h 3my +8m,
fo=g- b
3m +8m,

Since all are positive, so they are correctly
shown in figures.

-§plutions
Solutions
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172. Initial and final positions are shown in figure :
m

Initial . Final
Decrease in potential energy of mass 'm'
5R| _ 5mgR
=mg {2 X —4—} ==
Decrease in potential energy of disc
oo o]

Therefore, total decrease in potential energy
5mgR + mgR — 3mgR
2 2

1, 2
Gain in kinetic energy of system = 3 lo

of system =

where I = moment of inertia of system (disc +
mass) about axis PQ.

= moment of inertia of disc
+ moment of inertia of mass

2 2
mR? R SR)
={2’+m(z)+m(2‘
_15mR?

8

From conservation of mechanical energy,
Decrease in potential energy = Gain in kinetic

energy
2
3mgR = 1 (lst ]coz

I

2 8

_ 163
L eE

Therefore, linear speed of particle at its lowest

point
_(5R),, - 5R |16g
v=lZ )= T VEr

or v=,/5gR

173. Given mass of disc, m=2kg and radius,

R=01m .
(i) FBD of any one disc is shown in figure :

Frictional force on the disc should be in
forward direction.

Let a, be the linear acceleration of COM .Of
disc and o the angular acceleration about its

COM. Then:

w=1-1 A1)
_t_ f.R
a——i—lmRz
2
B AU T, )
R 2x01

Since there is no sliﬁping between disc and
truck, therefore,

a = 9ns?
or (%) +(01)10f)=a
3 _2a_2x 90 N
or —2—f =a = f= 3 3
. f=6N
Since this force is acting in positive x-direction,
. N ]
f =61 N
- - o
(ii) tT=rxf
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Linear retardation, :
R =
a=-—-=ug (f =p mg)
. - R ‘
Here f =(6i)N (for both the discs)
- S A
P=n=-01j-01k
)

and rQ=T2 =0.1}—0.1£

Therefore, frictional torque on disc 1 about
point O (centre of mass) :
i R
U =h1Xxf=(-01j-01k)x (6{)N-m
=(06k - 06))
—» A
or 7 =0.6(k - D N-m

= -
and  |1y|=4/(06)? + (06)2 = 0.85 N-m
Similarly,
A T .
T2=nX f =(01] - 01K)x (61) N-m

ﬁ A
72=0.6(-j- k) N-m

- o
and  |15|=|1|= 0.85 N-m

174. (i) Between the time t=0to ¢t = to, there is

forward sliding, so frictional force f is
leftwards and maximum i, e, umg. For
time £> ,, frictional force f will become
zero, because now pure rolling has started
i.e, thereisno sliding (no relative motion)
between the points of contact.

So, for time t< ¢,

Now let v be the linear velocity and , the
angular velocity of the disc at time t = t, then

V=vg-aty =g~ ugt (1)
and © =0ty = 5*%9 (2)
For pure rolling to take place
v=Ro
i.e,vg ~ 1 gty = 2pgt, from (1) and (2)
Yo
= = e—_
o 3ug

Substituting the value of t, = BUTO in equation
g

(1), we have

Yo
V=004 (3ug

v=§v¢ (i)

(i) Work done by friction : For t<t,

linear velocity of disc at any time t is
v=vg - pgf and angular velocity is
0o=ot= _Rgt . From  work-energy
theorem, work done by friction upto time
t = kinetic energy of the disc at time ¢-
kinetic

energy of the disc at time t = 0

or W=m—2“gt—l3u9t-2vo]

Fort > t,, frictional force is zeroi. e, work done
by friction is zero. Hence the energy will be
conserved.

Therefore, total work done by friction over a
time t much longer than ¢, is total work done
upto time t, (because beyond that work done
by friction is zero)

which is equal to

W= THTQtQ [3ugty — 2v0)

Substituting, t; = vy /3ug, we get
W= % [vo - 200]
6
"’ll.«‘o2
6

175. (a) The cylinder rotates about the point of
contact. Hence the mechanical energy of
the cylinder will be conservedi.e,

W ==

(2

(3)

Solutions » 217
Solute ™
1(1 2ugtY 1 (P.E+K.E)y =(P.E+K.E),
+—(—mR2)(———) - =mug 1., 1
2\2 R 2 .'.ng+0=ngcose+§Io) +§mv
= % [mug” + mp2g?? - 2mugugt But ©=v/R
+ 2mp2g?e - m002] (No slipping at point of contact)
1 -2
and I= 3 mR

Therefore, mgR = mgR cos©
1(1 2), 2p2 1 2
2lZm R2) 4+ =
+ (2 R )(v /R°)+ =mu

v? =gR (1 - cos6)

Blw

or

2
or V3 51~ cos) ()

R 3.
At the time of leaving contact, normal reaction
N=0and6=6_.Hence

mg cos0 = m_vz
g R
v? 0 2)
— =g COS ee
or R g

From (1) and (2)
%g (1-cosB,.)=g cosb,

or - % cosf, =1
or cosB, =4/7
or 6. = cos™! (4/7)

(b) v= ’%QR {1-cosb)

(From equation 1)
At the time it leaves the contact
cosB=cos0, =4/7
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T —
v 4 R(1-4/7) Let ‘@’ be the linear retardation of block X ang
V3¢ o the angular retardation of drum Y. Then
,4
= |=—gR
or v 7 g
Therefore, speed of COM of cylinder just
before it leaves the contact is "; gR.
(c) At the moment, when cylinder leaves the
contact
’4
=.[=gR
v 7 g
Therefore, rotational kinetic energy,
Kg = 1102
or Kp= 1 (lmRz) (vZ%/R?) = — mv?
2\2
1 (4
‘Zm(7gR) a=Ra ()
or Ko = mgR (3) mg sin 30°~T =ma
B=7 = mg/2-T =ma .2)
Now once the cylinder loses its contact, o=t-_T"F
N=0,i.e. the frictional force, which is I l MR2
responsible for its rotation, also vanishes. 2
Hence its rotational kinetic energy now oT
becomes constant, while its translational or “=MR ~(3)
kinetic energy increases. .
Applying conservation of energy at (1) and (3) : Solving (1), (2) and (3) for T, We get
Decrease in gravitational P.E. = Gain in T= 1 _Mmg
rotational K. E. + translational K. E. 2M+2m
- Translational K.E. (Ky)=Decrease in Substituting the values. we qet
gravitational P.E. - Kp g ; (2)(0’5)( 93)
R 6 =2 [{ & IR2O
or Kr=(mgR)- _n%_ =3 mgR .4 T (2) { 2.+ (0_5)(2)}
From (3) and (4) we have =163N
X gm R X T=163 N
T=l__ o =T=6 (ii) From equation (3), angular retardation of
KR m_gR KR drum
7 2T
176. (i) Given, Mass of block X, m=05kg, MR
Radius of drum, R = 02 m; Angle of inclined = 202 = 815rad/s

plane, 8 = 30°

Solutions

219

177.

or linear retardation of block
a=Ro=(02)(815)
=163 rad/s®

At the moment when angular velocity of drum
iswq = 10rad/s, the linear velocity of block will
be

vg =0y R=(10)(02)=2m/s
Now the distance (s) travelled by the block

unit it comes to rest will be given by
2

Yo
2a
[Using v, = v3 — 2as with v = 0}
_ @
2(1.63)

or s=122m

s=

System is free to rotate but not free to
translate. During collision, net torque on the
system (rod A + rod B +

mass m) about point P is

zero.

Therefore, angular
momentum of system

before collision = angular
momentum of system just

after collision (about P). Let

o be the angular velccity of
system just after collision, g—y
then

Li=L
= muv(2) = I ...(1)
Here I = moment of inertia of system about P
=m(2)? + m, (1%/3)

_or %Ico2 =mg (21)+mAg(I—)

Given | =06 m, m=005kg, m, =001kg

and mg = 0.02 kg
Substituting the values, we get
I =009 kg-m®

Therefore, from equation (1)
o= 2mul _ 2(0.05)(v)(0.6)
I 0.09
o=067v ...(2)

Now after collision, as shown in figure
mechanical energy will be conserved.

Therefore, decrease in rotational K.E.
= increase in gravitational P.E.

2
+mgg (I +1/2)
or m2=gl(4m+r;1A+3mB)
(9.8)(0.6)(4 x 0.05
+001 + 3x 0.02)
0.09
=17.64 (rad/s)?
o =42rad/s .(3)
Equating (2) and (3), we get
42
Q = W m/s =63 "‘/s
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178. VDoc— Or V=——
Nr r
_)
Hence v = L .
n
5o
Similarly n o=ni

—_
and 1, =rycos8i+r,sinf ]

Their angular relative velocity will be zero, if

relative linear velocity of B with respect to A is
- -5 -5 -
along AB.Or v, — v is parallel to r, — 1 .

ko [k k )
22—V = Esmei+ ECOSG—T}
1

- - )
and ;- =(pcos@~n)i+r,sindj
These two vectors are parallel if
k . k k
- —=sin@ €os0 - —
o _\m n
r; cos6—n r;sin@

or—\r, sin@ = r, cos? 6 - —2-

\/r— cos 9
1

—Ecoseﬁ- n

o et Jee o] e

s (W + \rz)
r2\/r€+r1\/g

or 6 = cos-t | V11 +4/r)]
[+ v

179. Consider an imaginary planet moving along a
strongly extended flat ellipse the extreme
points of which are located on the planet's
orbit and at the centre of the sun. The
semi-major axis of the orbit of such a planet
would apparently be half the semi-major axis
of the planet’s orbit. So the time period of the
imaginary planet T’ according to Kepler's law
will be given by :

or cos0 =

Sun ;
—>
r=L 2
=<
...... r
T v 3/2
7)-(5)
1 3/2
or T'=T (E) (asr’ =1/2)

.. time taken by the planet to fall onto the sunis

’ 3/2
t=T—=Z(-;—) = t:ﬂ

221

Solutions
SOt ™
180. Let v be the velocity of the u=0¢A
particle at point B. Applying IR
conservation of mechanical 'B
energy at point A and B, we Vo
have !
GMm GMm 1 c
=4 _-m i
2R R 2 R !
o v=, M D
R

Inside the shell, gravitational field is zero i.e.
force on mass m will be zero. Hence the
particle will move with constant velocity v.
Therefore, the desired time is

2R R?
t=—=
v YGM
181. v, = |
= orbital speed of satellite ..{1)

where M = Mass of earth
Absolute velocity of particle would be :

Vp =U+Vg = —2— vo =v125vp  ...(2)
Since vp lies between orbital velocity and
escape velocity, path of the particle would be
an ellipse with r being the minimum distance.
Let r* be the maximum distance and v’ its
velocity at that moment.

UP=\/?4-LUO

Particle

conservation  of
momentum and conservation of mechanical
energy, we get :

Then from angular

mupr =mu’p r’ ..(3)

and lmv,z, _GMm _ lmv',z, _ GMm ...(4)
2 2 r
Solving the above equations, (1), {2), (3) and
{4) we get
, br
r'=— and r
3

182.

Hence the maximum and minimum

distances are §3_r and r respectively.

r, = 6930 km = 693 x 10° m
and r,=7000km =7.0x10° m

From

we have o=

[667x10‘“ x 6 x 102
1=
\

(6.93 x 10%)°
=1.09 x 10° rad/s (1)
J667 x 1071 x 6 x 10%*
2- (7.0 % 1057
=108 x 107 rad/s ..(2)

Now two cases are possible.

Case 1: When both the satellites are
revolving in opposite sense. Then they will be
at closest distance after a time, say #, when :

wltl + m2t1 =2n

2n
or L=
0)1 + (1)2
or t = 21t S
17109 + 108 x 10
2n
= s
217 x 1073 x 3600
=08 hrs
Case 2 : When both the satellites are

revolving in the same sense. Then they will be
at closest distance after a time t, when :

mltz = (thz + 2% ((!)1 > 0)2)
2n
or to=
®; -0z
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2n
= 3 d
(0.01 x 10™°) x 3600 x 24
=7.27 days

Note: if we substitute absclute values of @, and ,,

answer comes cut to be approximately 4.5 days.
Hence the correct answer should be 4.5 days.

ays

183. Letvelocity at highest pointbevandR + h =r

Applying conservation of angular momentum
between P and Q, we have

mor = mug R cos 30°
’\/§U(]R
2r

Applying conservation of mechanical energy
between P and Q, we have :

or V=

(1)

1 2 GMm 1 2 GMm

-— va —_ = — " -

2 R 2 r
substituting the value of v from equation (1),
we get

1 5

20T TR T2™M T, r

2_2GM _35R® 2GM

GMm _1 m{3u§R2} _ GMm

or v R 4r? r
or 15GM 2GM
R R
_3(15GM\R? 2GM
(R
[vo=1,1'5 GM isgiven]
R
oo  -L_9 R _2
2R 8R % r

or -4r> =9R? _16Rr
or 4r? ~16Rr + 9R2 =0

or

L _16R=: J256R? - 144R?

8
_ 16R +1058R
8

=3323Rand 0677R

but
Hence

r4R
r=3323R

or h=r-R=2323R
184. Orbital speed of sateliite is

(1)

From conservation of angular momentum at
P and Q, we have

or

mavg =mur
avy
r

v=

From conservation of mechanical energy at P

and Q, we

have :

v§)|_GMm _1_, GMm
4 a 2 r
5, GM v: GM

Substituting values of v and v, from (1) and

(2), we get

or

a 2’

GM _ o (GM)_ GM

2a) r

(2)

E 1]

185.

linear speeds,

tat A>=
COM T
£] 2 g
> = 4
my mz
For COM :
mn =malp -(1)
Rtrp=r ...(2)
mor
Hence n=—-="—
m +my
myr
and rp=—3—
m +m;

The centripetal force for motion of each star is
provided by gravitational force. i.e.,

Gmm
my rlmz =My r2(!)2 =—7%'—2 ...(3)
Solving these equations for the second star
ie.,
Gm
pofmtmin g 2o —2
my rl(.l)
Eliminating r we get

2_ G 3
my +mg)* = ——mj
1 r13(02

Let us take my = xm, then we get

v(1+x)2=rg_1G§x3 ...(4)
)

223
solutions
/’orf -3r>=4a? - 8ar mG _ (10%)(6.67 x 10711)(20 x 3600)°
3r2 _ 8ar + 4a2 =0 o’ (2455 x 10°)%(2m)?
or - =
=059
(64,2 _ 4842
or r= Sat 642 o Substituting this in equation (4) we get
8a + 4a 1+x)?=059%3 or x=3
o T6 Hence mass of second star is
r=% and 2a my =3m; =3x 10 kg
or = =
3 and distance between the two stars is .
Hence the maximm; and minimum Cm+mdn (@x 10%)(2.455 x 10°) -
distances are 2a and —31 respectively. = my = 3% 109
In a double star system both stars revolve or r~29%73 x 10° km.
about their common centre of mass {(COM) i s otate about their centre of mass
with same angular velocity ® but different 186. %g\f' Isrotate abo

my
;’1‘?@?» oM

!
1
)
1 1
|
\ ' 2
f——————P- |
v [
) t

r

For the position of COM
_rl_=2..= r1+r2 = r (r_r1+r2)
mgy my m +my my +my
2 _Gmmy
Alsc myro° = 2
2_Gmy ( _ 21t)
or o= 0=—
r1r2 T
myr
But = 2
m +my
o? = G(m; +my)
= 3
r
1
G(m; +my)|3
or r={—(—12——i) ...(1)
(0]

Applying conservation of mechanical energy
we have

Gmlmg Gmlm 2 1 2

== +opuy .. (2)
r (R +Ry) 2
duced mass = -2
Here p = reduce ————



R
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and v, = relative velocity betw s
. ocity between the two stars. 4/37R%) 4
From equation (2) we find that =G R? = 3 GnRp
b2 = 26mim, ( 11
u R +Ry; r
_ ZGml my 1 1
ml m2 Rl + Rz r
m + my
1 1
=2G(m; +m -=
Lt (Rl +Ry ’] B
Substituting the value of r from equation (1) q
we get ngR P 4Gn |—(R+h)3 R3]
- B R+rE T3 | RenP
26(m1+m2)[ ( * )
Rl + Rz 4 G h ]"2
r ) { 41t2 /3 3 P[ R J
G(m; + m,)T? [ 2 ]
1772 +%G1rl(R+h)—(l+-h—) Rle
187. Total mechanical energy is conserved. Let R .
initial velocity = v,,. 4G R rl 2h]
Total mechanical energy 3 e I- ) EJ
1 3GMm [ |
E; = X myz - 3GMm e a6 ol
1 2 0 a/\/é- () +37t(R+h)" I_ERO
At final position kinetic energy = 0 [ -
i 5 Sa- Qa—anRP“%“PR 1‘%}
Body is at a distance of 1 {(30)2 ( from ” ]
J3 + 4G T [ R+h Zh)

— -{1-—I|R
each star. 3 ( ) k)] ’
Potential energy = — %2'; 4G1th {2p - 30]

3 189. According to Kepler s first law the orbit of the
Total mechanical energy rocket is an ellipse with one of its foci at the

3GMm |3
E,=- ’_.
2 . 28 ...(2)

From equation (1) and (2), we get,

l 2 _ GMm 3
2", (&@_%%]

= vo=@(3ﬁ—éj

‘golutions
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centre of the planet. The launch and return
velocities are parallel to each other (though in
opposite directions) if the launch and return
points are at the ends of the minor axis of the
ellipse. But, for an ellipse, the distance from a
focus to either end of the minor axis is equal to
the length a of its major semi-axis;
consequently a = R (see figure).

From Kepler's third law, satellites in orbits
having different eccentricities, but the same
lengths of major axis, have equal periods and
so in our case the period for a full orbit would
be the given T,. The rocket, however, covers
only one-half of the ellipse. The time required
for this is not half of the full period, but
proportional to the fractional area swept by
the radius vector joining the rocket to the
focus (Kepler’s second. law). The area of the
whole ellipse is

A, = mab = ma® sin-g—

The swept area for the half orbit is
nab 1
Ay = = 2b
1 2 + — 2 X C

l a’n sin 9 +a® sin ﬂ cosg
2 2 2 2
So, the flight time is
A 1 1 0
Ty =-1Ty=Ty|=+=cos—
17, 00 (2 n 2)
The maximum distance above the surface of
the planet is

20—a—(a—-c)=c=Rcos%SR

If the angle between the launch and amival
points is allowed to approach zero (§ — 0), the
calculated flight time approaches a maximum

value of T, (; l) and the maximum height
n

achieved approaches the radius of the planet
(c = R). But, in fact, if the take-off and landing
sites are the same (8 = 0), the rocket can reach
any arbitrary height, large or small. This
implies that the period and maximum height
are not continuous functions of 6 at the point
6=0.

190.

If the launch speed is sufficiently 21 Y2
great (equal to or large than the

first cosmic speed, v = \/Eg_ }and

the initial velocity is tangential to

the surface of the planet, then

the orbit shown in figure is

possible. Again the retumn

velocity is parallel to the launch

one, but this time in the same

direction. The maximum height

achieved can be anything, but the period must
be at least T,. These are the orbits
corresponding to the special case 8 = 0.
Speed of the particle at A, v 4

B‘VB—O

1 R
100

= escape velocity on the surface of earth
2GM
"R

At highest point B,vg =0

Applying conservation of mechanical energy,

decrease in kinetic energy = increase in
gravitational potential energy
or % va UB UA m(VB VA)
2

Va
or A=y, -V

2 B~ VA

GM GM

et

e G0 4
R R+h 2R 100) 2

Solving this equation we get
h =99.5R




SR
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191.

Let there are two stars 1 and 2 as shown below :
Let P is a point between C,; and C, where
gravitational field strength is zero. Or at P field
strength due to star 1 is equal and opposite to
the field strength due to star 2.

16M

AlSO r1+r2=100

_(_4 _
rp= (m)(ma) =8a

and n=2a

~ Now the body of mass m is projected from the

surface of larger star towards the smaller one.
Between C; and P it s attracted towards 2 and
between C; and P it will be attracted towards
1. Therefore, the body should be projected to

Problems in Physics
—YSlcs

just cross P because beyond that the particley
attracted towards the smaller star itself,

From conservation of mechanical energy,

1
2 mvfﬂn = Potential energy of the body at P

— Potential energy at the surface of larger star,
Lot = [ GMm 16 GMm]
2 [ n r2
_[_ GMm  16GMm
l_ 10a - 2a 2a

_ [ GMm 16 GMm]

2a 8a
[ GMm _8GMm)]
8a a J
or lmv,f,in = (ﬁ) GMm
2 8 a

i

SimprLe Harmont

192. The pendulum makes (24 x 60 x 60 + 60)

193.

194.

half oscillations in 24 hour.
The time for half an oscillation is therefore,
T_ 24 x 60 x 60
2 60(24x60+1)
T _ 1440 I

1440 _o 1L e
2 "14a1 g )

Let kI be the extra length required for an
accurate 1 second beat. Then

1=n. i +ki)g =nflig Sk +1) ..(2)
Dividing equation (2) by (1), we get
()
or k =0.0014

:. percentage increase in length will be 100 k
or 0.14%.

or

T, T. m m
7T, Te_ J: \/:
(a) 5 + 2 n P +7 %
m 1 m
=m|—|1+—-—=|=536,]—
e (1 35) s
T=5.36 \[E
k
(b) From conservation of energy
1 1
EkAz = '2- (2k) (Xr?,ax)
= X = i
max \/E
A
i.e, the most negative value of x is - —
s 2
The period of oscillations of the pendulum in

the direction perpendicular to the rails is

Tl = 21t\/z
g

(I = length of thread)

195.

Time period (T,) in the direction parallel
to the rails :

The period of oscillations in the plane parallel
{o the rails for small oscillations can be found
from the condition that the centre of mass
(com) of the system remains stationary. The
distance of com from m can be found by

mly=M(I-1)
Mi
I=
M+m

Thus the ball performs oécillations about
COM with time period

1 Mi
T, =2m |1 =2n /———-—
2 \/; M+m)g
L,_| M
T, M+m

Relative to floor of the truck, block is acted
upon by a pseudo force.

F=ma (backwards)
In equilibrium position
kxg=F or kxg=ma

or Xg=—

07k
This gives the new position of equilibrium.
However, block acquires a velocity, fill- it
comes to its new equilibrium position, which
can be obtained by
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196.

The kinetic energy of block at equilibrium
position is therefore,

KE = lmv2 = —1— m’a”
2 2 k
Let A be the amplitude then ;
1
-2—kA2 = K. E. at mean position
or lkA2 = 1 m’a’
2 2 k
or A=T9
_ k
substituting the value we have
_2@
=0.
~i0 2m

Period of oscillation will remain unchanged.
Only the mean position is changed. Therefore,

T=2ﬂJE=2nJ—z
k 40

or’ T=14s

(a) LetF be the thrust and W the
weight of the sphere. In .
equilibrium let x, be the g
compression of the spring,
then

F+ b(o =
or kxo=W-F ...{1)
If the sphere is further compressed by x, then
total energy of the system will be

-(W-F)'x+-§k(x+x0)2

F +kxp

1 491 .5
+=mv° + =
2 ridl
Since friction is absent, total energy remains
constant, hence
dE .
— =0
dt

= dx dx
070——(W—F)-E+k(x +X0)E

dv) 1 dv)
+my ( dt) + 2 pVu (E) il

From (1) and (2), with substitutions ﬁsu
dt

and@=a,weget
dt

k
a:-—l____..x
EpV+m
Qe —X

oscillations are simple harmonic, time perig
of which will be

- f— m+lpV
T=2rn £=21‘[ _____2_
. a k

1 4
05+=x10°x — 3
=21rJ 5 03x3x1rx(0.08)

500
T=0352s
(b) When it is accelerated
upwards with an accele-
ration ‘a’. a
Fr=Flg+a
g

Now F,+kX0—W=(_)a

or kx0=ﬂ.a+w__1:(l+g)
8 . g

or  kxo=W- FH-(W F)

k%:M-m@+J ..3)
g

When displaced downwards, total energy
would be

E=‘_‘(W‘F)gg+—a)'x+%f((x+xo)2

+ %mu2 + %vaz

ojutions
Solution>

197.

229

. dE
Substltutmg _5:0
dx dx
or0=—W-F) 1+—g—)—dt+k(x+x0)—dt
dv 1 dv
—+opV-— ..(4
+mu dt+2pv & 4)

From (4) and (3) we get the same result as was
obtained in part (a) i.e.,
T=0352s
Displacement of B down the plane
_ displacement of A
2

In equilibrium, let the block A is displaced
downwards by an amount x,. Then

equilibrium of A gives

T=mg (1)
and equilibrium of B gives
2’I'+mgsine=k—’2(g . (2)

Now let A is further depressed by x and its
velocity at some moment is v, then velocity of
B would be v/2.

Total energy in this position would be

E=—mAgx—mBg%sin6+%mAv;°g

2
1 1. (x x
+2vaB+2k(2 20)
mgxsin6+lmvz
2 2

2
1 1
+ E(%) + -§k(x +_x0)‘°‘

or E=-mgx-

198.

Since friction is absent E = constant, hence
dE ’ ‘

dt
or 0——mg(1+%g)%’;—+mv‘%lt’-
+%mu%%+:11-k(x*+x0)% ...(3)
With the substitutions
dx _ and ig:a
dt dt

From equations (1), (2) and (3), we get
k
= f—Jr— — .
5mla) kx or a ( ) x

Since aec—X

oscillations are simple harmonic, angular
frequency of which is given by

ol=X or w= K
5m 5m

Let x, be the elongation in the spring in
equilibrium position. Then

kxq=mg sin 0 _ (1)
Let the spring is further stretched by x.
Then total energy of the system is

E=—mgxsin6+%k(x+xo)2+KT+KR

K7 = translational kinetic energy and

Kpg = rotational kinetic energy of cylinder -
Kg = 521 in case of a cylinder in pure rolling

1 2
=mv
Here KR=52T-=—2—§—=-‘1Im02 . e

or Kg +Kr= ::i-mv2

Hence E = - mgx §in 6 +'~;-R' (x + xo)?
;1- 3 mu
4
In case of pure rolling total enefgy is constant.

dE
H —=0
ence —
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or 0=-mg sin® (%)+ k (x + xo) %ﬁ The moment of inertia about A will b - |
t 2 '
2r
3 (a 1= @) 2L 2 ) )
E mv - Ft ees (2) h A
' where A = mass per unit len f wi
With substitutions I=381r3 hotuie
dx dv is i '
== v and 5 a This is a physical pendulum, time periogd «
: which will be given by e
from equations (1) and (2), we get I
T=2rn | —
a=- {L} .x " \mg
(3/ Z)m 2
Since Qoc—Xx o m:%t: m_lgl—
oscillations are simple harmonic, ti i
of which is given by 1 fime period = \/K rrmldl = \/5‘141@
I I
_ , x| ’Sm
T=2x = on > _ J(5.14)(l)(r)(9.8)(0.39r)
(381r%)
=2n 3x7 5
2% 800 = \/ % \/—5(;1:26
T=07 . .
. 2s or ®=484rad/s
(b) Maximum velocity will be at mean position. 0 ;
From conservation of energy, we have B = 220 radian
1
Sk 2= gmvg‘ax or 8y =0.091radian
6 =6, cos ot
or o = 2k x de .
max 3 or — = -0 sin ¢
dt
2
or Umax={ x 800 (10) ™™ _ g7 3 MM or vB—r(—cﬁ)=—90ra)sincot
\ 3x7 s s o
) [N A
Omax = 87.3 mm/s N e
199. r = 220 mm = 022 m o~}
7

Th.e position of COM of the whole frame from
point A can be determined as :

A
——
r

[ J
COM

200.

-

So magnitude of velocity of B after 8 seconds
will be

—_)
|vg| = (0.091)(220)(4.84) sin {(4.84)(8)
= 82.6 mm/s

When displaced slightly by an angle 6, the
semicylinder will oscillate about the point of
contact with the surface. The torque of weight
will provide the necessary restoring toraue.

231

OC=E}3, BC=—2-Esin6, OB=2—R-cose
4 4 ) T
and AB=R- 2R cos©
T

Now t=-mg (BC)
or loo=-mg (%?sine) ...(1)

Io =I¢c +m(OC)?

Ic =Io-m(OC)

I, =1Ic +mACY
Hence I, =1Io-m(OC) + m(ACY

= I, - m(OC)? + m(BC? + AB?)
Substituting the values

2
I, =mR?, (OCY= (?1-?] ,

2
(BC)? = (—25 sin 9)
T

2
and AB? =(R— 2—R cose) ,
T

weget I,=2mR® (1 - %cose)

So, equation (1) can be written as
2 2 2R
2mR?|1-=cos8loa=-mg|—sin®
T n

For small oscillations, 0 is small i.e,, sin8 =6

and cos6 =1

2

Hence 2mR? (1 - ;)a =— 2mgR

n

.8

Since 0. is proportional to -6, oscillations will
be simple harmonic in nature, the time period
" of these oscillations will be given by

T=2n 9. or T=2n5(_n_—l)_
qa d g

201. Let ‘2a’ be the sides of the square. If it is
displaced by 6, then
2a=04m

a=02m

Oompression/elongatidn in each spring :
x =(AB)8=+5a6 ‘
Net restoring torque about A will be :
1=-{mg (GG’) + 2kx (AD}}
1= - {mg (AG.8) + Zkx (2a)}
1= - {mg (a8) + 2v/5kab (2a)}

Since Toc -0

- oscillations are simple harmonic in nature

Hence I .0=-{mga+ 4/5ka?}6
Here 1, =Ig+m(GA)
2 2
m (ia_:‘%a_) + ma?
12

Substituting the values, we have :

(20)(9.8)(02) + (4+/5)
1 (14 x 10%(02)°

2n g 20) (022

f:

or - f=32Hz
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202. k,,

= 4k = 4 x 800 N/m = 3200 N/m
M+m 28+3
or =1016rad/s (1)

The equilibrium position of the system will be
atadistance x below the initial position where

kegx=mg or x= mg (3) (9'8)
keq 3200
or x =00092 m ...(2)

Velocity of 3 kg block just before collision will

be:
UO = \/2gh

~ From conservation of linear momentum
velocity of both the blocks just after collision

would be :
myy _ (32gh
M+m) (28+3)
3J/2x98x 2
= %: 0606 m/s ...(3)

Now at time t = 0, displacement of blocks from
mean position is x = 0.0092 m and velocity is
v =~ 0606 m/s.

Hence let the equation of displacement from
mean position is

initial
position

ik §- - mean
position

x = asin (0t + ¢)
then U= aw cos (@t + ¢)
= 0.0092 = a sin ¢ ...(4)

and -0.606=1016a cos ¢

{® =1016 rad/s)
or -006=acos $ ...(5)
Squaring and adding (4) and (5), we get

a? = 0.00368464

Note:

203.

or a=0.060701235m
and from equation (4) and (5), we get
$=17128° or 299rad

Therefore, displacement from its Tean
position at any time ¢ would be

x = 006 sin (1016t + 2.99)

Displacement at any time from the initig]
position would be :

s=00092 - x
={0.0092 - 0.06 sin (1016t + 2.99)}m
ors = {9.2 - 60 sin (10.16¢ + 2.99)}mp,

For displacement s from initial position downwargd
direction is positive.

Let m be the mass of each disc. Since the
upper disc rolls without slipping, P will be the
instantaneous axis of rotation.

C]_P'—"-R,
CoA=Lsing,
PA=Lcos\6—R

Restoring torque is :
T=-mg(C,A)
or Ip.oo=-mg(Lsin@) . ..(1)

Ip = moment of inertia of upper disc
+ moment of inertia of lower disc

L= (mR2 + %mRz) +m(C,P)? %mRz +
=2mR? + m{(C,A) + (PA)*}

=2mR? + m{(L sin 62 + (L cos 6 - R)?}

Ip =mR? + mI? - 2mRL cos®

So equation (1) can be writton ac

A tions
soltions

204.
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{mR? + mL? - 2mRL cos 8}0. = ~mgL sin 6
For small oscillations 6 is small, so

sinB=08 and cosf=1
Hence (R%+1%-2RL).o=-gL.®

Since o is proportional to -8, oscillations are
simple harmonic, time period of which is :

2
T=2n /I?_ —on /Rz“‘_L‘_Z_@
a gL

Hence the time period of small oscillations is
R? + 1* - 2RL

gL
Let 8, be the amplitude of oscillation. Then

T=2rn

h=4R (1 - cosg) = 4R{2 sin? 929}

or h = 2R63 (1)
sin %0 = ?2& for small oscillations.

Since there is no slipping, mechanical energy
will remain conserved in position 1 and 2.

v=4Rw’
v
=—=40'
R

Here w’ is the anguler velocity of COM of
sphere about C.

. From conservation of mechanical energy

2 1

+ = J?
2

or mg (2R6%) = %m (@R’ )?

+ 1 (Zmk? oy

1
h=—
mgi 2mv

or g6 = 2—58 R’

5g
oy E-C 2
or © =y28g "0 - @

Now ’=maximum angular velocity of
centre of mass of sphere about point C

(-2;‘)90 .3

From {2) and (3), we have

27: ’59 or T= 27t,28R
28R 5g

. Let v and ® be the linear speed and angular

speed of centre of mass of cylinder at small
displacement 8. Then total energy of the
system in this position would be

E = potential energy of link + (rotational
+ kinetic energy of two cylinders)
+ kinetic energy of link

or E=mgry(1- cos6)+ 2{2— Mvz}

1 2 2
+ - - o
5 mi{r ro)_

or E=mgr0(1-cos())ﬁ-g-M(u)zr2

+ -:;:m r- ro)zo)2 v =ro)

In case of pure rolling E is constant, hence
E_p
dt

do dw
= ino- 3Mr?
or 0=mgr, sin (d J+ - ’
2. do
+mo (r —rp) =

6 is small, so we can substitute sin8 =0

Further @=m and i(‘l=0£
dt dt
This gives
mgry .
3Mr? + mir - rpf?
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T=2n 0 Substituting the values we get
o 3Ixl1
T=2n ’*
3Mr2+m(r_ro)2 2(10+4X20)
=2n mgr, or T=081s
206. Let at any instant centre of cylinder is  207. V. = 2x2+3x%0 _ 0.8 m/s
displaced by x (towards left).- 2+3
Then spring attached at C is compressed by x Energy of oscillation,

and spring attached at A elongates by 2x. Let
v be the velocity of centre of cylinder and @ its
angular velocity.

Total mechanical energy in displaced position is
1 0.1 1 1
E= Emvz + Elcmz + Eklx"’ + §k2(2x)2

v
But o= R
and Ic = lmR2
2
1

Hence E =%mu2 +§k1 x? + 2k, x?

In case of pure rolling energy is conserved
dE

dt

3 dv dx dx
Smol E vk [ & =
or 2mv(dt)+ lx(dt)+4k2x(d) 0

% =v and % = a (acceleration), with these

substitutions we get,
3

Ema =- (k1 +4k2)x
Since aQoc—X

oscillations are simple harmonic in nature.
Time period of which is given by

3m
T=2r_|%=2 ,*
n\/?’ " '2(k1+4k2)

208.

E=%x2x(2)2—%x(2+3)xVC2M

or E=4—%x5x(0.8)2=2.4J

Let A be the maximum extension in the
spring, then

E=1a
2
or A= JEE
k
2x24 -02m
120
Angular frequency of oscillation,
k
0=_[—
u

3x2
h = reduced =——=12k
where it = reduced mass 342 g

W= 12—0=10rad/s

Amplitude of 2 k ( ) A=012m
After time t, centre of mass will move a
distance d = 0.8t.

From centre of mass frame, att = 0, block 2 kg
is in its mean position and travelling towards

-positive x-axis with amplitude 0.12 m and

angular frequency 10 rad/s. Hence,
displacement of 2 kg after t seconds
= displacement of centre of mass

+ displacement of 2 kg w.r. to centre of mass

=0.8t+1.2sin 10t

Let F be the extra tension (net restoring force)
in the string when mass m is displaced by ‘X

Solutions

209.

F=k2X2 and 2F =k1x1
where x; and x, are further (in displaced

position) extensions in the springs.

x1=—2£ and x2=£ ...(1)
ky ko
Further, x =2x; + x,

i, _p(22h)

kiks
or F= jkz_. X
4k, + kg

As F «<x, motion is simple harmonic in
nature.

- k1k2
T dky + iy
=9, |m(k; + k)

kyk;

As net force on the system in horizontal
direction is zero.

Mean

Mean

position position
myxy = MyXy (1)
X =x) +Xp ..(2)
For cylinder of mass my:
kx_fl =mlal ..-(3)
o =-d (@)
§ mll
For pure rolling to take place,
a; =roy ves (5)
From equation (4) and (5)
f=lma
15 5Ma
kx = g ma;
3
or k(Xl + Xg) =—=mao

210.

235
m;x 3
or k(xl +T;-j)—§m ]
= Zk(ml + m2) x
o n= 3mm,
As a; =X

motion is simple harmonic in nature.

-1 |a
2n X3

_ 1 |2k(my + my)
B 3mym,
When ‘m’ is further displaced from its mean

position by ‘ x’. Then point A is also displaced
by x. Displacement of point B in this case will

be é-x. Let F be the extra tension (net
a

restoring force) in this case. Then extra forces
on the rod (in the form of extra tension and
extra spring force) in displaced position are
shown below:

k(g)x<——-

L >

As the rod is massless net extra torque about O
should be zero. Hence,

F~a={k (—Z)x} b}
or F= k(bz)

As Focx
motion of block is simple harmonic in nature
with .

2
keﬁ_k[b)

a

m _21w\/E
T=2"\/;‘T »
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211.

212.

When the block is displaced a distance x from
its mean position, let F be the extra tension
{net restoring force) in the string attached to
the block. Then extra tension in the string

connecting the spring will be % -Let x be the
extra extension in the spring in this case, then

F

—=kx (1
) 0 (1)
When spring extends further by x,, the block

. x
comes down a distance, =2

Xg F
or x=""Y=
4 16k
=(16k) x

As F o< x, motion of the block is simple
harmonic with

kg =16k

2

Let the particle is at P at an instant ¢ starting
from mean position and it returns to P agam
after interval t’.
s
(¢] P
1 1
1 ]
€ X ——
Then X =asin ot (1)
Also x=asinot+t) ...{2)
From equation (1)
= AW Cos Mt =
v
= cos Ot = — ..(3)
an

~ from equation (2)

x = a[sin ot cos ot + cos ot’ . sin wt]

]

=a{sin(ot'—%+£cosmt’_|
a a

Solving this equation for t’ we get,

t'= 1 tan™! ________2212)(0) 5
® X" -v

213. (a) From conservation of mechanical energy,

velocity just before collision:

%'Io:g =%kx2 +%mv2
e Jk(x% —x%) _ /6416 -8 x10™*
m -1
' =16V2x102 m/s
=16v2 cm/s

Velocity after collision

v’=eV=ix16~/§=16cm/s

V2
1,1 1,
COE: —2-mv2+§kx2=§bc02
lmu —k(x x2)
2

1x 256 % 107 = 64 (x;Z - x?)
4x107* = x¢? - x*
4 +8)x10™* =xZ
x6=2«/§x10‘2m= 2V3 cm
(b) Time taken

T 1 (OB) 1 _1(08) T
=—+——sm +—=5 — |+
4 OA) o OA') 4

oo fiel

Solutions

237

(b) The frequency of oscillation for a
compound pendulum is

_ 1 |mgd
f=3V7
where d = distance of the CM from the point of
suspension.
I = moment of inertia about the point of
suspension.
d=.|R%+ ( ) ,/ +16
I=I-+M (ACY?
= [I, - M(OCY?] + M(ACY
= I, + M(AO)?

- (l) MR? + MR? = (§) MR?
2 2
Mg (5-) Jon? +16
._1_ 3r
27t (_3_) MRZ
2

g \/9112 +16

187°R

f=

215. Let the piston be displaced x downward from

equilibrium position and x; and x, be the
deformation of the springs k; and k;
respectlvely Using constraint relation

X1 +Xg = 2x ...(1)
Increase in tension is uniform. Hence,
kyxy =koxy ...{2)
2k
1T +2);2 and X2 =k,
For ideal gas in the cylinder
PVY = constant

Net restoring force
= 2 (increase in tension) +|dP| A

_ ki o gy
k1+k2 VO

_ Bylex | WPoA’x
ky +ky Vo

Hence acceleration of the piston

L[k, | PoA%)
Mk +ky, Y

[

L(jﬂ_ﬂ)

Mk +k, Vo
=2n M 2
4k1k2 + YPOA
kl + k2 Vo

216. Suppose that the mass M undergoes a small

displacement x from its equilibrium position
and springs of force constant k and 2k
undergo corresponding extensions x; and x,.

Then,
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217.

Net restoring force in displaced position

F = — 2 (extra tension)

{3M
~Ti iod, T = 2n | ——
ime peri 3k

Consider a simple pendulum of length L and a
pendulum consisting of a uniform rod of
length | pivoted at one end. If both are
released from a horizontal position, what are
their angular speeds after they have each
travelled through an angle o?

The principle of conservation of energy yields

1 mL%w? = mgL sin o,

. ,2g .
i.e., w=,—sina
L

for the simple pendulum, and

1m12 2 .
—-—— =mg§sma,

2 3

ie., (o=1f31—gsina

for the rod. Kf L=§I, then the angulér

velocities of the two motions are equal for all

values of o. It then follows that the two

motions are identical at all times and their
periods are equal.

How can the period of this equivalent
pendulum be calculated? The formula

T=2n E, valid for small oscillations, cannot
g

be applied as the amplitude here is large.
Exact calculations would require complicated
mathematical analysis, but this is not
necessary if, instead of calculating the period
T, we only wish to determine its dependence
onlL. .

The period of swing of the simple pendulum
may depend on its length L, the mass of its

218.

bob m, the gravitational acceleration g and the
maximum angle of deviation o, ,,. If the
dimensions of the quantities involved are
taken .into consideration, this functional
dependence can only be of the form

T(L, m,g, amax) = f(amax) \/g

To justify this assertion, we note the following
points. The dimension of mass is the
‘kilogram’ and since the ‘kilogram’ does not
occur in the dimensions of any of the other
quantities, the period (which has dimension
‘seconds’) cannot depend upon the mass of
the bob. On the other hand, ‘seconds’ occur
only in g, and therefore the required
dimension of ‘seconds’ in T can only be
obtained if T is inversely proportional to the
square root of g. Finally, in order to settle the
‘metre’ dimension, the period has to be
proportional to the square root of L. The form
of the function f(a,,,,) cannot be determined
via dimensional analysis, since the angle is
dimensionless. The only available information
is that for small angles f(ot,..,) ~ 27.

From the above reasoning, it can be
concluded that (with the same initial
displacements) the period of a simple

pendulum of length gl is \/g times-that of a

simple pendulum of length /. Thus, the period
of a pivoted rod of length I is approximately
82 per cent of that of a simple pendulum of
the same length. This conclusion is valid not
only for horizontal release, but for any
common initial starting position.

Let AB be an elastic string of natural length
(a + b). Let the particle of mass m be attached
to the string at point O such that OA =aq,
OB=banda>b.

o
A g

A a m b B
When the particle is held at B, the portion AQ
of the string is stretched while portion OB is
slack and so when the particle is released it
moves towards O.
Let the particle be at any point P (at a distance

x from O between O and B) at any time £.
« X —>,

A B

(0] T m

f

Solutions
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Tension in the string AP is

T=Y i, action towards O.
a

“Tension in PB is zero as it is slack.

Equation of motion is
d?x Y

m&=—xx or —=—--—x ..»1)
ds? a df? am

This represents a simple harmonic motion
with centre at O and amplitude OB.
Let the particle take t; time in reaching O from

B. Then ¢ =thime period of SHM
represented by (1)

_1 2t = JE

4 JYjam 2VY
The particle will have certain kinetic energy at
O, due to which it will move towards A,
stretching the portion OB. The segment AO
becomes slack. Let the particle be at Q (at a

distance x; from O) at any time t in the

segment AQ. x>

c

*0

A B

—Hy

o

Tension in the string OB = % towards O.

Tension in AO = 0.

2
Hence, mdd—:;z—xgl
dle Yxl
Rt B § ...(3
or -2 o 3)

The Eq. (3) represents SHM with centre at O
and time period

2n bm
_— =27 | —
JY/bm Y
Let the amplitude of this simple harmonic

motion be OC.
Time taken to reach C from Ois

_l_.zn ’b_m=§ /b_m
4 Y 2VY

The required periodic time for complete
oscillation between B and C is

T jam ® [bm]| _ m
NHCRY Y-

219. This is an interesting problem because the

maximum displacement of the particle on
either side of the mean position is not same
through the time taken to cover these
distances is same.
Consider Eq. {1) of solution 218

d Y

5 =— X

ar am
Multiplying both sides by 2 (%x?) and then

integrating, we have
2
dx Y o
—] =——x°+k,
(&) -
where k is a constant,
Atpoint B, x = band%= 0.

2
0=——Y—-b2+k or k=£
am am

2
Hence, (ﬁ) =Y (b? — x?)
dt am

At the mean position, i.e., at O, x =0

< X _>P
A + . B
(o] T m
or &Yy (1)
dt am

This is the velocity of the particle at O. Now
from Eq. (3) of solution 218, we have

dx __ Yo
dt? bm

Multiplying both sides by 2 % and integrating

2
(ﬁ) =—le+D’

dt bm
where D is a constant.
ButatO,x; =0
2
and (ﬁ) —2=Y B [from (1)]
dt am
Y p2-04D or D=L
am am
2
dx Y 2. Y .2
H Rt 3 B b
ence, ( dt ) bm 1 am
3
_Y Bl
bm [ a J
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220.

If the extreme postion of the particle is point C
such that OC = c,

dx
thenatx; =¢,— =0
enatx; =¢ 2t

3
or 0———-(b——c2) or c=b\/’E
bm a

The particle thus oscillates through a distance

OC+OB=b\/§+b=M
a Ja

Alternatively

This problem can be sovled easily by energy
considerations. When the string segment of
length a is stretched by a distance x, force

developed in it willbe F = ﬁ

a
Work done in stretching it to a distance b is
Y (b Y b?
W=L{ xdc=215%
a J o X a 2

This is the potential energy stored in the string
when the particle is held at B. This energy
remains conserved. '

When the particle is at C(OC = c) the potential
energy stored in the segment of length b(OB) is

Y &2
2b

Since, the particle’s velocity is zero at both B
and C, we have from energy conservation

b

- =p. |2

2b a2z € \/:
The particle thus oscillates through a distance

b _ blWb +Ja)
b+b\/;-—7_c1—

Half of the volume of sphere is submerged.
For equilibrium of sphere,

weight = upthrust
Vv
Vpsg = E (P) (Q )

Ps =

N o

When slightly pushed downwards by x,
weight will remain as it is while upthrust will
increase. The increased upthrust will become
the net restoring force (upwards).

221.

F = — (extra upthrust)
= — (extra volume immersed) (p; ) (g)
or ma= - (nRz) X pg (a= accelerat]on)

d R3 (B) a=- (TtRng) X

3 2
3g
a=-|—=\{x
(5]
As a o< — x, motion is simple harmonic.
Frequency of oscillation,

_1 Ezi 3g
n\/;x 27 V2R

Let S be the area of cross-section of the rod. In
the displaced position, as shown in figure,
weight (W) and upthrust (Fg) both pass
through its centre of gravity G.

Here W = (volume) x (density of rod) x g
W =(SL)(d;)g
Fg = (volume) X (density of liquid) x g

= (SL){(d,)g
Given that d; < d;. Therefore, W < Fg
Therefore, net force acting at G will be :
F = F5 - W = (SLg)(d, - d;) upwards.
Restoring torque of this force about point P is:
1=F xn =(SLg)(d; - d;) (QG)

or 1=-(SLg)(d, - d)) (5 sin 9)

Here negative sign shows the restoring nature
of torque

2
or t=—{&g—(t?22_—(il—)}9 (1)

As sin 8 = 6 for small values of 6
From equation (1), we see that

Te<-0
Hence motion of the rod will be simple
harmonic.

§  gplutions

222.

241

Rewriting equation (1) as
d®  [SIZ%(d, - d))
I Zo {—7—~— ] ...(2)

Here I = moment of inertia of rod about an
axis passing through P.
o ML _ (SLdyL®
3 3
Substituting this value of I in equation (1), we

have
d%_ [3gldy-di|
dt? 2 dL
Comparing this equation with standard
differential equation of SHM i.e.,
d%

—:_(o

df*

The angular frequency of oscillation is

_ [39(dy - dy)
2d,L '
(i) Given : Mass of each block A and B,
m=01kg

Radius of circle, R = 0.06 m

Natural length of spring,
Io=006n=nR

and spring constant, k = 01 N/m

In the stretched
position elongation in |
each spring (x = R9)
Let us draw FBD of A
Spring in lower side is
stretched by 2x and on
upper side compressed
by 2x. Therefore, each
spring will exert a force Zkx on each block.
Hence a restoring force, F = 4kx will act on A

(Half circle)

Restoring torque of this force about origin,
1=~ F-R=-(4kx)R = - (4kRO)R

or 1=-4kR%.9 (1)

Since T<-8, each ball executes angular

SHM about origin O.
Equation (1) can be rewritten as

lo = - 4kR%

or (mRz)(x =-4kR® = a= (3:)

Frequency of oscillation,
f=L acceleration
displacement

=1 L_i'i
2r 9 2\ |m

Substituting the values, we have

1 ,4x0.1 1
—_— ——-——:—"lz
f 2r 01 T

(ii) In stretched position, potential energy of
the system is

P.E.= 2(% k){2x}2 ~ dkc?

and in mean position, both the blocks have
kinetic energy only. Hence

KE. = 2{1 }mvz
2

From energy conservation:
P.E=KE.
4k><2 =mu?®

v= Zx\/— = 2R9\/§

Substituting the values

01
v = 2(0.06)(n/ 6)‘/;—;

or v =0.0628 m/s
(iii) Total energy of the system, E =P.E.in
stretched position
or = K.E. in mean position
E =mu? =(01)(006287 J

-



223, Consider an element of d

224.

length dI and mass dm of X

the ting: 4 w\
Let S be the cross-sectional V/
area of wire and T the
tension.

dl=R.do
F = 2T sin (929) ~T(do)

(sin 19_ = Qﬂ)
2 2

This F provides the necessary centripetal
force.

T.d8 = (dm)Rw?
_— 2
= (R. de. S.p)Ru) 225

Hence,

T 252 .
or —=pw°R Wi
=P (i)
Let AR be the increase in radius. Then
2

Tcos(d—ze) Tcos (3

longitudinal strain = 2= = 22" = 2=

L 2rnR R
Now vt TS
strain  AR/R
Ve p (DZRB
AR
Hence AR = pmst
Y
Bulk modulus is given by
= P P
{dVV) 1% B
or P.dv - pPdP
% B

P—v‘iv- is the work done per unit volume, The

negative sign implies that a decrese
pressure gives rise to increase in volume arg
vice-versa,
Hence volume density of elastic potential energy
u=jhpsP.dP _1 (hpg)®

o B 2 B
Substituting the values, we obtain
_100%? (0% (987

2 2x10°

= u=24x10*Jm3

u

. Tension in the plank varies linearly from F, to

F,. Therefore, tension in the plank at a
distance x from the front edge is :

change in length in element dx is :

T.dx Fi
dl = — Al =—
-1 (- %)
{Fi- - Fa%}
oo di= Jdx
SY
total change in length will be
x =]
al= "7 dl

or Al =JI{F1 - R —Fz)zzc—}dx
0 | ~——————i
Sy

243

golutions
- (F, + Fp)l
_\Fy + T
or Al o5y
226. (a) Let Al be the displarement of the joint
towards right.
Strain on first rod = ll—al—j———A—I
U
or force exerted by the first rod on the joint is
F =y1A(!_l.“_l;_'_A_l) (1)
_ 1
Strain on second rod = ’—2—a—2’t—+—é’-
2
or force exerted by second rod on the joint is
F,= YZA(M) (@)
Iz
In equilibrium F =F,
Solving this, we get
Al = Illzt(ylal - YZ 0.2) ‘(3)

(Y].IZA + Y2 Il)
Solving (1}, (2) and (3), we get
At (lo, + l0,)
Fy =F, = —1——%*%

b

A 4 2

(Yl Yz)
(b) Iy =y + Al

lllzt (Ylal - Yzaz)
(Yylp + Y2h)
and "2 = lz - A‘
_ lllzt(ylal - Yzaz)
Y;l, + Yol

227. (a) The forces acting on
the sphere are
shown in the figure.
F=prgeﬁ

=va(g +a) mg

=m.pw(g+a)

S

Here p,, = density of water = 1000 kg/m?
and p, = density of sphere = 500 kg/m3

='1+

=1,

1a

Equation of motion of sphere is

F = upthrust force

F-mg-T=ma
or T=F-m(g+a)

=mp—"’(g+a)—m(g+a)
Ps .

= 92_1)
(g+a)m(p

8

Substituting the values, we get

1000 .\ _
r=(1o+z)(2)(m—-) 24N

{b) When thread snaps,
T=0
-, absolute acceleration of sphere upwards,
_F-mg
T 0m

ds

m(g+a)9ﬂ—mg
S

or ag = -
- Pw
or ag=(g+a)2-g
Ps
1000 2
= ——1-10=14mfs
(10+2)(500)

. Upward acceleration of sphere relative to tank
a,=as-a=14-2
a,=12m /8®

228. (a) Level will be maximum when

rate of inflow of water
.= rate of outflow of water

i.e. g=av Or O =a+2gh,,
2
= Bonax =

o
29a2
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(b) Letattimet, the level of water beh. Then . P _ =09i.e. 90% volume of ice is immerseg
A (d") o - ay2gh Pu
dt in water.
' h
or 2
I O ~a ,/29 J. 13: E
Solving this, we get 3
[ -
g=A lﬁ In {a_g_g_gi} - ,/291.1 Level of water remains the same when ice
agla o J melts. Hence Earlier the centre of mass of ice
229. Leth, be the final level in the two tanks, then was ata height of 10 cm from the line ABang

(A+2Ahy=H A

H .
or h,=—
3 (1)

Let at time ¢, level of left tank is h and that of
the right tank is h’.
Then Ah + 2Ah’ =

H-~h

hl=—

or . L A

,/g(3h H) A
_J‘H/3 =—J‘ dt
H 49(3'1—1‘1) A70

Solving this, we get

¢= 2A sz
3a

when it melts, it will be at 9 cm. Hence
Ah=-1ecm=-102%m

or AU =mg Ah
=- (%) g(10?) (m = mass of ice)
= - (02(900)(10)(10%)

or AU=-072J

231. Pre;sure at the bottom of the vertical cylinder is

/’\\

yd
A Adh

P=PF,+p, gh ..(1)
The same is the pressure on the lower part of
the horizontal cylinder.
Now let us consider the cross-section of the
horizontal cylinder.
Let us consider two symmetrically located
strips of width dh at a distance ‘a’ from the

.centre as shown in figure.

Force exerted by water on the upper strip is
Fi={P-p,g(r +a)}AS
and the force on the lower strip is
Fp={P-p,g (r-a)}AS

Hore AR ic tho aroa rf thoco hin ctrine

ions

232.

233.

245

Sum of these two forces,
F=F +F;=2AS(P -p,gr)
is independent of a.
Hence the total force on piston will be
(P-pygr)- 7r? (22 As = r?)
In equilibrium, this should be equal to P, - nr?

ie. (P - p,gr)nr? = Pyar?

or {Py+p,g (h-r)}nr?=Pymr?

- h=r
p_1. . - .
B =" je, in equilibrium, block is half
P2 2

immersed in water. Let h’ be the increase in
level when the block is pressed by an amount
h. Then

(A-1%)h’ =1%-h

nE
hI§

Substituting the values, we geth’ = 05h
We have to immerse further /2. Hence

’§=h +h’=15h or h=U/3

When the block is depressed by h, extra
upthrust
F=(h+h)p,l%-g=151%,gh

Work has to be done against this upthrust.
Hence
¥3

w =j Fdh = j (151%p, gh)dh
Substituting the values, we get
W=6754

{a) The specific gravity of the cylinder is 0.75,
i.e. 75% of its volume or 75% of its length

234.

is inside the water or 3 cm of its length is
immersed in water as shown.

When it is depressed by x, net upward
force will be the extra upthrust force i.e.,

F = n(R¥(x)p,g
= 1(102)°x(10%)(10) = nx newton

The same force will have to be applied
downwards.

HenceW j x=10

Fdx= j 1x - dx

x=10%m

=—2-x10‘4=l.57x10'4J

{b) Reduction in the force = weight of cylinder
= (rR?)(hp,
= (m)(1072)%(4 x 10°%)(075 x 10°)(10)
=9.42x 102N
Net force on the block at a height h from the

bottom is

F, .. = upthrust — weight (upwards)

So, h= %Q is the equilibrium position of the
block.
For h> %0, weight > upthrust

i.e., net force is downwards and for h < EZQ

weight < upthrust

i.e., net force is upwards
For upward displacement x from mean
position, net downward force is
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235.

F=-—x (1)

(because at h = %0 upthrust and weight are

equal)
Fo-x

oscillations are simple harmonic in nature.
Rewriting equation (1)

Since

ma=-—- —&ﬂ x  (a = acceleration of block)
5hy
or a=- —ég—x
5hy
=1 |9
2n

_Lfig
f=% 5 hg

(i) Let p; be the relative
density of upper liquid
and p, the relative
density of lower liquid.

In the first case, 1 part is -§
n
submerged. Hence

1.e o
n. oy

Given p=+/PP2 .(2)

From equations (1) and (2), we get

pp=np and p =P

n
Now let %th part is in lower liquid. Then
upthrust = weight
or A(l)(np>+ A(l - 1)2 —A-p
m m
1 1

or —_—=
m n+1

236.

(i) When depressed, the restoring force and ]

hence the time periods will be different fo
the two portions, above and below the
mean position.

T, T
+. 0, T
272

Time period below the mean positioy
(1) :
when depressed by x restoring force,

F=—Ax(np—2)g
n

2
or (A-l)pa=- Ax[n—-l]

T1-21t‘/' Zn/ nl
gin?-1)

(3

._=1'c
or 2 (n -1)

Time period above the mean position
(Ty):

When the cylinder is x above the mean level,
net restoring force downward

F=-A-xp,g
or (Al){p)a=- Axnpg

or Te=2n \/—— 2n \/_
ng

T, _ f
...[4
or 5 =% ng {4)

From equations (3) and (4),

Tl + -2 T2
or T=nxn J— nl
ng Vy (n* - 1)
_ (Mg)
(a) Af= AY AY
(4)(9.8)(2.0)

" (50x107)(2x 101)
or AL=784%x10"*m
(b) (i) Work done by gravity

golutions
Problems in Physis § = ..

247
W, = (Mg)(s) JE=J__% 8
W, = (4)(98)(006 x 107%)= 0.024 J
(ii) Equivalent force constant of a wire is . Velocity of efflux,
YA = 4/2gh
k=— r ]
l a [g
7 | -2 8
- Work done by the applied force and V29 [ AV2 J
gravity wouldbe (x + Al Now time to fall a height y is,
; iy
e
F+Mg Putting, vto x we get
In equilibrium I_ ]
(F + mg) = k(x + Al) t=— \/{‘J
=6x1074 a 4y
W= 8% ™ (x + Al) dx Ve
° 238. Using Bernoulli’s theorem
2 x=6x10"%m 1,
=k[x—+x AIJ P0+p(g+a)3=P0+Epvx
2
i 6x1074 = : vx=,/2(g+a)3
= Ya I—ﬁ +x-Al J If it falls on the platform in time ¢ then,
| 0 h=lg+ap
2x101)(5x 107) 2
- 2 _[(Z_ [2x2
- 4)2 1 “\g+a Vg+a
[6x10%° | (6% 1074784 x107%) |
2 [2x2
=u t=4+2(g+a) 3x\lg+a
W, =0033J
Hence the work done by the apphed force =2J/6m=49m
would be 239. Let m is the mass of steel piece and v; and vy
Wy =W, - W, =0.009 4 are the volume of the cone and steel piece

(iii) The work done by the force the wire
exerts on the mass will be -W; or

-0.033J
(iv) The change in elastic potential energy
= work done by the applied force

and force of gravity i.e., 0.033 d.
237. Firstof all let us find velocity of efflux at time t.
dh
2
Al dt) o
h dh _¢t —a \/—' dt
Hh
Solving this equation, we get

respectively. From condition of floaing

(m+8.8)xg—(vl+vz))<g><0.8 (1)
v 88, v
105" 27 7

m+88g= (§§+i"—)xgx08

08)_88x08 g
’"(1"78)' o5 >

( ) 14.08- 8.8
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Tension in the cord
T=mg-B

=mxg—7£8x0.5xg

sssll-ﬁ}

=54.88 N

240. Suppose that x is the height of the liquid in the

tank at a time .
The rate of volume flow equals,

_ a9 _mApd®
d  8nl

{by Poiseuille’s equation)

or —A£= [F’Qx"'( )Ja

dt 8nl
where, Ap = pressure difference between the
ends of the capillary tube
mg
- + Mg
=pgx A
or - & +ax=— g,
dt Ap
A= npga®
8nliA

The solution is

= (h +£) e_M - _rn_
Ap Ap

241. (a) Flow rate through A

— _ AUD —
P Q
—
Ull _ nprt
. 8n!

B and C will have same flow rate since they
are in series, so,

4
r
Py (27')4 _ o, (E)
I 1
8nl — il
(e =3
= 256p, = py

where p; and p, are the pressure difference
across Band C

but, p=p1+p2

=1 = L
257

(b) vL__p 257
Uy 32p1 32
242. FBD of cylinder
B = buoyant force $r

-( x)pg
“|T5)P
Ps BT

Ug =

= Ma ...(1)
For the mass ‘m’ v

T -mg=ma ...(2)
Adding equations (1) and (2)

( —%px m) =(m-_l-M)a

s

a=
M+m g
dv
a=p —
dx
vav=adc=—3 [M-MP o )ax
+m L p
2 2
v g Mp x
or —= Mx - HL2__
2 M+m[ x Lp, 2 J+C

atx=0, v=0 = ¢=0

= 29 _MplL__
\/m+M(ML 2, "’L)

olutions

yor

243 Consider the four positions of the cylinder as
shown in the figure. Let A;, A,, Az and A, be
accelerations of the cylinder in those four
situations.

H
F, =Hpga - 7 P

Here a = area of cross-section of the cylindrical
object.

H 3
= — paA; = — H,
4P 157 pga

=3g (1)

Position-1 Position-2

Ff(%—X)aZpg +xapg—%pag

= %— paA, = g- Hpga — xpga

q
A,=3g — — .2
= 2 =g ng 2)

Position-3 rogition-4

H A
F3=—apg - —pag

2 4
H H
2 haAL = =
= 4P 3 4909
= A3=g
F, -(-}—{——x') a—-ﬂ ag
47|73 pg 4P
4x’
Ay=g-
= fA4=9-18

244.

249
do_dvdc_ dv_
dt dx dt dx
= pdv = Adx

H/2
+IHI2A3dx J' A4dx
2
31 gH gH
2 2 2

where v is the velocity of the cylindrical object
at the instant, the entire object just comes out
of the liquid.

v2 = 8gH

v? =v? + 2as

0=8gH - 2gs

s=4H

The cross-sectional edge of the disc of water is
a semicircle of radius r = % d (see figure).
Thus, the curvature of the surface of the water
is 2/d, which corresponds to a pressure of

curvature of Ap = —zdf, where s is the surface

. tension. (The other component of the

curvature is negligible because D >> d.)

The pressure inside the disc is therefore

Po - % when the atmospheric pressure is p;.

This pressure difference acts over a surface
area between the water and each of the glass

1[D2
surfaces of 7 This implies that a force,



25C

Nq{é: .

D2 2s
F=——
4 d
‘pulls’ the glass plates together.

it d is -much smaller than D, this force can be

- quite considerable. It is in fact very difficult (if not

- jrmpossible) to separate two-parallel glass plates’

s “by.pulling them.in a direction perpen- dicular-to

245.

.their common plane when there is water between

them: In order to be separated, they have to be-

slid:in a direction parallel to that plane.’.;h

Because of the surface tension of the liquid, its
height between the two objects is not the same
as it is outside the objects; in the case of (a)
water it is higher, whilst for (b) mercury (which
has a negative angle of contact} it is lower.

Po- pgh
{a) water

Po * pgh
(b) Mercury

Just above the liquid surface between the
objects the pressure has to be atmospheric in
both cases and correspondingly, just below
the surface it has to be less than atmospheric
for water and more than atmospheric for
mercury. As can be seen from the figure this
leads to net inward forces (acting on the
shaded areas) in both cases and a tendency
for the objects to move towards each other.

246. The pressure of the water changes lin ;

247.

Problems in Physj
—YSics

with the increase in height. At the bottoﬂ
the meniscus it is equal to the extemy
atmosphenc pressure pg, and at the top ty

~pgh. The average pressure exerted on
P_gﬁ_ The force
corresponding to this value, for an aquariumy
with side walls of length 1, is F; =

the wall iS Poyerage =Po ~

IPaverage h.

Consider the horizontal forces acting on the
volume of wate enclosed by the dashed lines
in the figure. The wall pushes it to the right
with force Fj, the external air pushes it to the
left with force F, =Ipgh, and the surface
tension of the rest of the water pulls it to the
right with a force F3 =l. The resultant of
these forces has to be zero, since the volume
itself is at rest. This means that

1
(po—ipgh)lh - pgh+Hk =0,
which we can write as
2y 2x0.073
h=_ |—+= |——— =0.0038
\/; \}1000 x 10 m

Water rises by approximately 4 mm up the
wall of the aquarium.

e
(a) (i) As for floating, W =Th

Vpg = Vidig + Vodyg

GG )

_34+24-34
R e

- eplutions

251

(ii) Total pressure
=Py (wexght of hquxd + weight of solid)/A

5
Thus, p=po+~2—dg+-é-2dg+zd

2 4

(b} (i) By Bernoulli’s theorem for a point just
inside and outside the hole

Py +%pvf=pz=-12-pv%
or po+g~dg +(-—I_21—h) 2dg
=po+ -;— (2d) v?
or g(3H - 4h) = 2°
or v= (2) (3H - 4h)
(i) As at'the hole vertical velocity of liquid is

zero so time taken by it to reach the
ground,

%)
t=

’ 2h
Here, we have x = vt = (3H ~4h) x \[:

= /h(3H - 4h)

(ii) For x to be maximum x2 must be
maximum, thus we have
d

2y _
£ =0
or 9 (3Hh - 4h%) =0
ah
or 3H - 8h=0,

3
=1=\H
or h (8)

Substituting the value of h in equation (1), we get

3.) 3
Yo = 3; (SH——H)—ZH

248. Pressure at top of water level in the tank

Py= Pym
and pressure at the top of tube

where v = /2gh

Thus P, = Pym —pglh +X)

(a) For siphon to work, P, should not be
negative. Setting P, =0
Pym 1x10°
=lam _ph=
ma =g T 10P%98

=102-50=5.2m
(b) The time of emptying the tank is

J’ 2h
n(0.97 ,2 X5 e
“63x107 V 938

=68 min (approx)

1
P1=PA"§PUZ—PQX;

i du
249. We know that, shear stressG =1 (d—y)

Consider a ring of radiusr.

Tangential velocity = ar.

6=1 Vtang,tennal =1 ((Dtr)

Force on ring = s X Area = -Tl(tﬂr— (2rrdr)

_[2mmor?] dr
= n J

Torque required 1 = force X radius
[ 27 corar |

d=| =



252 Problems in Physicg ¥
R . o '
- Total torque = j : e 2me % 252. From equation of continuity (Av = constant)
t
o 26 (025)= 2.2 )
1:=|’21rr](nli’4]_I’ﬂ:r](nR“-l .
l 4 = l % Here v is the velocity of water with which
water comes out of the syringe (Horizontally),
.Power required to overcome viscous Solving eq. (1), we get
resistance, v=41m/s
P [ mo2r* ] The path of water after leaving the syringe wil]
[ 2t be parabola. Substituting proper values in
. equation of traject:
250. Free body diagram of the wire is as shown in 4 Ot hajecon 2
ﬁgure_ y:xtane_L
2u? cos®0

w=2Ag
T = surface tension

Considering the equilibrium of wire in vertical
direction, we have:

2Tl cos® = Mg ..(1)
For, y<<a, cosf=¥
a
Substituting the values in Eq. (1) we get
_ha
2y

. 2r?
251. Terminal velocity vy = Wg 0, —p;)

and viscous force F = 6mrv;
Bate of production of heat (power) = Fug, as
viscous force is the only dissipative force. Hence,

d
aQ = Fur = (6mrvy) (vy)

dt
= 6mrv2
| 2rég 2
=6 £r8 ¢ -
m\r{g n s pL)}
- 87‘92 2.5
27" (ps pL) r
or Q«rs

dt

253.

254.

(10) (R
(2) (4) cos® 0°
(R = horizontal range)
Solving this equation, we get
R=2m

The bubble will separate from the tube when
thrust force due to striking air at B is equal to
the force due to excess pressure.

We have -1.25=R tan 0° -

pAv? = (ﬂ) A

r

(A = area of bubble at B where air strikes)

r= 4_T
. \po?

When the tube is not there,

_ 1
P+P0+§pvf+ng=%pv§+Po

P +pgH = 20} -1}

Ay = A,
or Ul = m
A

Solutions

253

2[,_ 11
x p % (10) l. 81J
x10% _ 4x10° x 900
81 81
=%X105N/m2

This is also the excess pressure A P.
By Poiseuille’s equation, the rate of flow of
liquid in the capillary tube

_mAP)a*
Q= 8nl

6_ (ma®)(AP)(d®
8x10 _——811 (I)

2
(na?) (Ap) [E’I—J
n= 8x8x10°
Substituting the values we have
(10°) [% x 105) 2x10°)
‘n =

8x 8x107°
1 2
=—_N-S
790 T oM

255. (a)

air

Vv
XX

Liquid A is applying the hydrostatic force
on cylinder from all the sides. So net force
is zero.

(b) In equilibrium:
Weight of cylinder = Net upthrust on the
cylinder
Let s be the area of the cross-section of the
cylinder, then
weight = (s) (h + h + hg) Peyiinder 9
and upthrust on the cylinder
= upthrust due to liquid
+ upthrust due to liquid B
= shp g + shgppg
Equating these two
sth + hp +hg) Poyiinger 3 = ShaPag + shpppg
or (h+hp+hg)Peyinder =haPa +hpps
Substituting h,4 =1.02 cm,

hB =0.8 cm,
pa=0.7 glem®
pg = 1.02 g/em®
and Peyiinder = 0.8 g/em®
in the above equation we get:
h=0.25 cm
{c) Net upward force = extra upthrust
= shpgg
. Net acceleration a = —-—ﬂce_—,
mass of cylinder
shpgg
or a=
S(h + hA + hB) pcylmder
or a= hpgg

- (h + hA + hB) pcylinder
substituting the values of h, hy, hg, pg and

Peyiinder We get,
g .
== ds
a=¢ (upwards)
256. Given Length of the wire,/ =5 m

Radius of the wire,r =2x 10" 3 m
Density of wire, p = 7860 kg/m®
Fyieiriliiil

=) M=100kg

s
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257.

Young’s modulus,

Y =21x 10 N/m?
and Specific heat,

s = 420 J/kg-K
Mass of wire,
m = (Density) (Volume)

= (p)(~r¥)

= (7860)(n)(2 x 10~ 3)%(5) kg

= 0494 kg
Elastic potential energy stored in the wire,

U =% (Stress) (Strain) (Volume)

r'.' _Enig_y_= lxstressxstrain]
|_ Volume 2 J

_1(Mg)(AlY,2
or U z(mz)(')(nrl)

-5

Mgl _1M?%%
(mrd)Y 2 nrly
Substituting the values, we have

1 (100%(10)%(5)
T 2(314)2 x 107 3321 x 101)
=09478J

When the bob gets snapped, this energy is
utilised in raising the temperature of the wire.

So, U =msA9 .
 Af= U _ (0.9478)

ms (0494)(420)
A8 = 4568 x1073°C

Let M = Mass of stick = TR%L

| = Immersed length of the rod

G = Centre of mass of rod

B = Centre of buoyant force (F)

C = Centre of mass of rod + mass (m)

vcom = Distance of C from bottom of the rod

Mass m should be attached to the lower end
because otherwise B will be below G and C

(Mg)

°CorK

Problems in Physies

C will be above G and the torque of the couple
of two equal and opposite forces F ang
(M +m)g will be counter clockwise op
displacing the rod leftwards. Therefore, the
rod can’t be in rotational equilibrium. See the
figure given below :

M+m)g ®©

Figure - 2
Now refer figures (1) and (2)
For vertical equilibrium,

Mg+mg=F (upthrust)

(M+m)g
Figure (3)

solutions

e

258.

255

or  (rR%L)pg +mg = (nR%)og

nR%Lp+m

|=| ——— ...(1)

")

Position of COM { or rod + m) from bottom,
M- @R -'5-

..(2)

YoM =M im  (=R2Lp) +m
Centre of buoyancy (B) is at a height of ’§ from

the bottom.

We can see from figure (2) that for rotational
equilibrium of the rod, B should either lie
above C or at the same level of B.

Therefore, IEZ YeoM
aRZLp +m (nR“Lp) %
2nR%  (R%Lp)+m

or m+nRZLp2 nRZLJEE
or m2 nR2L(Jps - p)

Minimum value of mis

#R2L (\Jpo - p)

(i) The change in length due to decrease in

temperature,

Al = LoA8 = (05)(10" ®)(0 - 100)

Aly=-05x10"m (1)
Negative sign implies that length is
decreasing. Now let M be the mass attached

to the lower end. Then change in length due
to suspension of load is

ol =MoL __(M)A0I05)
AY (4 x10" 910"
Al =(125x107°)M ..(2)
Net change in length is zero. Therefore,
Al +4Al;=0
or (125%10°5)M =(05%10"%)

-3
- M= 05x 10 | kg
125x 107

~ M - AN L

or

259.

(i) Energy stored : At 0° C the natural
length of the wire is less than its actual
length; but since a mass is attached at its
lower end, an elastic potential energy is
stored in it. This is given by

_L(AY yp
‘U_Z( T )(Al) ..(3)

Here Al =|Aly|=Al,=05x10"°m
substituting the values

-1 (______4 x10° 1011](0.5 x 1092
2\~ 05

U=01/J

— Comparing the equation

y=FA o F=(£).AI
AL L

with the spring equation F =k.Ax, we find
that equivalent spring constant of a wire is

k= (ﬁi}
L
Therefore, potential energy stored in it should be

1 1(AY
U= §k(AI)"’ = E(T) (Al?
Given: A; =4 X 10° m?,
A,=8x10°m? h;=2m, hp=5m
p=1m/s and p=10°kgym®

From continuity equation, we have

A, = AV

or v=é1—v
2 Azl

_(4)(104 |
o =

or

8x 10*3) (L m
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260 (a) (i) Considering vertical equlllbnum of

Problems in PhY'siég
T~

=1k 0
2= g m i

Applying Bemoulli's equation at section 1 and 2,
1
h + -2‘9012 +pgh) =P, + %Pvg +pgh;

or P - P, =pglh, - hy) + ;p(vz—vl) (1)

{ij Work done for unit volume by the

pressure as the fluid flows from P to Q
W, =P - P, (P - Py)A = weight of two liquids
+ weight of cylinder
weight of two liquids

_ [from equation (1)] | & P=Py+—F weight of cylinder

=pglhy - hy) + %P (vE - vd)

\ N § §]
{(103 JO8)(5-2)+ = (103) (— - 1)} J/m3 Now Weight of cylinder
= ) =
-2 _ 375) Jjm® (A/5)(L}D)g 1(‘3‘/ 391..9)(5/ 4 d)
or W, = 29025 J/m3 T a
(if) Work done per unit volume by the gravity i iquid =+ 1
as the fluid flows from P to Q. Weight of upper liquid = 2 Adg}

W, = - pg(h; - hy) = - (10%)(9.8)(5 - 2) J/m®
or Wy =-29400 J/m®

and Weight of lower liquid
= % A(2d)g = HAgd

cylinder - Total weight of two liquids = 3 HAd
Weight of cylinder = Upthrust due to upper ? 2 :

liquid + upthrust due to lower liquid
3 -

*. From equation (1), pressure at the bottom
Nthe container will be

~_ ., B=p+ (3/2)HAdgjq + ALdg/4

. N
R, Wy S
Note that h; and h, = —5—‘ l T
H/2

- (A/5)(L)D.g = (A/5)(3L/4)(d)g
+(A/5)(L/4)(2d)(g) W o=

D (BJd L (2d 5d o I<—x—->|
=|— 4+ — = —
7 (4) =3 or Pipy s JOH D)

{ii) Considering vertical equilibri f 1
g quiibrium of two (b) (i) Applying Bemoulli's theorem at 1 and 2

liquids and the cylinder.

solutions \
SOt

261.

257

P, + dg(H/2) + 2dg(H/2 - h)= Py + %(Zd)v2

Here v is velocity of efflux at 2.
Solving this, we get

v=+(38H-4h)g/2

(iii) Time taken to reach the liquid to the'

bottom will be
t=\/2h/g

.. Horizontal distance x travelled by the
liquid is

x = vt = (JBH = 4h)g/2)( f?é'- '

= ,/h(SH - 4h)
. dx
(iii) For x to be maximum— —=0
dh
1
_ - (3H -8h)=0
°r 2,/h(3H - 4h) ( )
= h= 3H
8

Therefore, x will be maximum at
h=3H/8

The maximum value of x will be

Xm = \/(3;1)[3[-’ 4(3:)}

H

| W

or x, =

In elastic collision with the surface, direction
velocity is reversed but its magnitude remains

the same. Therefore, time of fall = time of rise.

or time of fall = %

Hence velocity of the ball just before it colhdes
with liquid is

b
=g - ...(1
v=gy .o(1)

Retardation inside the liquid
_ upthrust — weight
- mass
=Vd,_g—Vdg =(d,_—d)g (2)
Vd d -
Here V = Volume of ball
Time taken to come to rest under this
retardation will be
_v_gh__ gt ___dt
=—= “xz(d,_d— d)g 2(d; - d)

the time to come back on the
erefore,

takes to come back to
te it was released

liquid surface>
(a) t, = time the
the position from w

t, =
or 9 = d,-d
(b) The motion of the ball is periodic but
not simple harmonic because the
acceleration/retardation of the ball is g in

air and P —d inside the liquid whi

is not proportional to the displacement,
which is necessary and sufficient

inside -the—hqu-ld—becomegfero (upthrust

= weight). Therefore,
the ball will continue to move with
constant velocity ——gt-2-inside

the liquid.

condition-for SHM.
(c) When d| =d, r i
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263.

U, =Ug =0
Let u be the speed of
sound. Then

+_ ¢futvycos®
f f(u+vs cose)
=f u+vcosf
u+vcos@
or =5

Given length of pipe/ =3 m

Third harmonic implies x=0
that

o

orh=z=Tg =2 i
The angular frequency is
® = 2nf x=1 F h
_2mv _ (2m)(332)
A 2
or o = 332r rad/s

The particle displacement y(x,t) can be
written as

v {x, 1) = A cos kx sin ot

_2n_2n_ _3n
A& 1
and o=kv=" (U=E°_)
I k

. yix, f=A cos(BTnx)-sin (?)t

The longitudinal oscillations of an aif column
can be viewed as oscillations of particle
displacement or pressure wave or density
wave. Pressure variation is related to particle
displacement as

3

P(x)=-B-§ii (B = Bulk modulus)

3BA%) . (3nx) . (3mw
= i sin —l—— sin —I—— t

The amplitude of pressure variation is

P = 3BAn
I
B 2
v=_— or B=pv
5
3pv?An
P
or A= ma’;_l
3pvn
Here P,.,, = 1% of P, = 10° N/m?
Substituting the values
__ 10%)e)
(3)(1.03)(332)%(m)
=0.0028 m
or A =028 cm
According to definition of Bulk modulus (B)
B= —dP ...(1)
(dVV)
Volume= 1% o V= m
density p
or dV=—ﬂz.dp=—uB
p p
or Y__2
4 p
Substituting in equation (1) we get.
_pldp
B

or amplitude of density oscillation is

259

264. Sound level (in dB)

L =10logyq (IL)
0

where Iy =102 watt/m®
L=60dB
Hence  I=(10%)y =107 watt/m?
. Power P
Intensity, = Aron = pp
= P =1(4rr?
P = (109 (47)(500) = 3.14 watt
(10x 109 (ﬂ)
. Time, t= ————110—
' 314
t=955s

265. (a) (i) In 3 second, wave will travel a distance
of 3 cm. The formation of the reflected
pulse from a fixed support is similar to the
overlap of two inverted pulses travelling in
opposite directions as shown in figure :

3cm
— fe———>
—A——. ----- ’----,----t:o
' LI
1 .
3ecm !
|e————»i
_ X
AL I EEEEEEEE t=3s
"I,' <

Hence at t=3 s, net displacement of all
particles of the string will be zero. i.e., string
will be straight as shown below
———— O
(i) Att=4 s, wave will travel a distance of 4
cm Hence

Therefore, the shape of the pulse will be as
shown below :
B »0
(b) (i) The formation of the reflected pulse
from a free support is similar to the

overlap of two pulses of same nature
travelling in opposite directions as shown

below :
N .
. Y
—9----- ‘ ‘e---t=0
|<-————>:<———»|
3cm , 3cm
1
___A
O'Q
AR t=3s
) -«—

Therefore, net displacements of all points will
become twice as shown below :

-

1cm,

(ii) Att=4 s, two pulses will cross each other
completely and hence resultant pulse will
be as shown below i

— N\

o)

266. At a distance x from the bottom, speed of
wave pulse is :

1:‘

100m

=L (u = mass per unit length of cable)
H

where T = (weight of diver + weighit of string
— buoyant forces on both)
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267.

={120x 10 + (1.1 x)(10)}
- {008 + n(107%2x} x 103 x 10

=1200 + 11x ~ 800 - 314x
=(400 + 7.86x)

- [[@00+786x)
11

v=[3636+714x) = &
p

t 100
o j'dt___ J’ dx

0 0 :;363.6 +7.14x
or t=385s

Let g,and a, be the amplitudes of incident and
reflected waves.
-3 -3
ANANAN AN
——————
~v
-«
Then 4%ta _g i
P— (given)
Hence L 2
. a 7

2 2
‘ E a 5
Now Zr=i2r| =<} =
E; (ai) (7) 051

268.

or percentage of energy reflected is

E 1000 51%.
E;

So, percentage of energy transmitted will be
(100-51)% or 49%.
This problem is a Doppler-effect analogy.
(@) Here, f=20min!
v = 300 m/min
~0;=0 and v5=0

Spacing be 300 _

pacing between the pies = 20 - 15m

and f'=f=20 min!
(b) v, =30 m/min
spacing between the pies will be

300- 30
20 or 135 m

and p:f(v_" )=(20)(

s

= 2222 min™!

The graph shows the situation shown
figure.

269.

A 3 g' P B *

9

At P, apparent frequency = natural fl’equgnq’
= 2000 Hz

(a) For region AP

’_ v
d _fo(v—vs cose]

and for region PB
f'= f——&——
fo V+v, cosB) -

v
fo(v+vsJ

ie.  1800=2000 (

fmin = when cos@=]

300
300 + v,
- Solving this, we get
v, =33.33 m/s
w)mu=m( 0

V-V

)atcos():l

s

or fmax = 2000( 300

300- 33.33) = 2250 Hz

270. 1)

.(2)

T,=2T, and aq =2a,

Z2__g=5m/s

which gives a; = m
2 + &my

271.

261

T,=375N
speed of transverse pulse

T [375 4
iy iy ,———=50ms
v \/;: 15x 107

From frame of the pulley B, speed of the pulse
=v+v, Vg
v'+alt—azt=—d—x-
dt
—dx = (50 + 2.5¢) dt
Integrating:
0 t
[, dx =], 60+5tdt

10=50t+-5§

562 + 100t - 20 =0
which gives t = 0.2 sec.

(a) Comparing with the equation of a
travelling wave
y = a sin (kx — o)
k=151 and « =6000n

. velocity of the sound v = %)-

o 6000~ = 400 ms-!
151
B
as v=_|[—
p
B 16x10° 3
Hence, p=v—2=W=lk9/m
(b) Pressure amplitude P, = BAk
P .
H A=-0
ence Bk
_ 24n
1.6x10° x 150
=10°m =10 um
(c) Intensity received by the person
W ___ W
4rR%  4n (107

2
Also, I=—p—°—
2ov

273.

W _ (247)?
4n (102 2x1x400

W = 288p3 watt

272. The wave emitted by the source after t; sec

from starting position will be heard the
receiver after t = 9 sec.

V, =34
VR = 2t
L [V-W
= f=fo (V v ) y
Equation for solving ¢, is /

330(9-t1)=—;-x3xtf+-;—x2(9)2

t, = 8.43 sec
330-18.00
= f=1000 [330 ¥ 25.29)
= 878.156 Hz
Time period of the wave is

T =(005-001)=004s
Let the equation of the wave moving in

- positive x-direction is

v =asin (ot - kx + ¢)
a=4mm

_2n

T
From the figure it is clear that y = Oatt =0 for\
a particle at x = 0. Substituting in {1) we get.

¢=0

It can also be observed thaty = 3mm att=0
for a particle at x = 0.09 m. Substituting in (1)
we get

(1)

Here

3 =4 sin (~kx)
or % = - sin kx
' 3
kc=m+sin”t |2
or T + sin ( 4)
= 3989 radian

or (27“) (0.09) = 3989
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(k=i—nandx=0.09m) ko 2m_2n
A
or A=0142m Amplitude of oscillations at x =x can by
and wave speed written as
po 0142 A = qaysin kx
T 004 Let p be the density and S be
or v =355 m/s cross-sectional area of the wire. Then
274. Amplitude at a distance x is m = mass per unit length = pS
A = a sin kx Mass of element PQ of the string is

275.

x=0

dx

First node can be obtained at x = 0,
and the second atx = n/k
At position x, mass of the element PQ is
dm = (pS)dx

its amplitude is A = a sinkx
Hence mechanical energy stored in this
element is

dE = 2 (dm)A%?
(energy of particle in SHM)
or =3 (pSA%0?).dx

= %(oSazwz sin? fex) dx

Therefore, total energy stored between two
adjacent nodes will be

E=Jﬂx=n/kdE

x=0
Solving this, we get
E - TSpw’a®
4k
For first overtone

I'=x

_v_
f"x

—l

x=0 X=X x=1
e g >
ax
dm = (pS.dx)

energy stored in this element is
1
dE = 5 (dm)A%.0?  (energy in SHM)
- % (0S. dx)a,2sin® kx).0?
. Total energy stored in the v(rire will be
x=1

E= Ix = OdE
E = 2 pSw%ag)[ 2sin? foc dx

4 0o

!

- %(pszaoz) {x - % sin 21«] o
= %@szaoz)[l - -2-‘1; sin 21(.!] (2Kl = 4n)
E= %(pS(ozaozI) / (1)
Here, v=\/§=\/::8=fl=(%) I
pS= 54(:%
or pSe? = 4’;2T (2)

Substituting the value of pS®? from equation
(2) in equation (1), we get
E = aoznz T

.!f

263

jutions
—
276. Let the pulse emitted at time t is received at

time g (t < ty). Then

%atz
& » v
&>
observer c “source
1o
to =t+4+ 2_—
c
or at? + 2ct - 2cty =0
2 —
or t=,»}c +2acty - ¢
a

Velocity of source at this time t would be

v =at=( ¢ + 2acty) - ¢

ez
c+Ug

’_ C
! f[c+J?+Zacto—c]
f

1+@—9-
c

f

or =t
’1 + 2ato
[+

9277. Let t be the time when the sound is emitted

which is received at t = 4 s. Then

$ S» 0 9

t=0 t=t t=4s t=0

Ll

* >
x=1000m

%atz + -12—0(4)2 +u(d - ) =1000

or —;- (1012 + %(10)(16) +300(4 - £) = 1000

or 5¢2 - 300t +280=0
or t=095s and 59s

Therefore the pulse emitted at t=095s is

received at t = 4 s. Now

278.

Speed of sound att = 0.95 sis
v, = at=(10)(0.95) m/s

or v, =95m/fs
and speed of observeratt =4 sis

vo = at=(10)(4) m/s
or v =40m/s
Since both of them are approaching towards
each other

e[tV - 2000 300+ 40
Hence 7= f (u—vs) 20 (300-9.5

_ = 2340.79 Hz
In this problem two cases are possible :

o}

C x=o_\_ 1 e

165cm

N

x=0 B
>
15cm

)

(a) Case-1 is that A and B have the same
displacement amplitude and case-2 is
that C and D have the same amplitude viz
3.5 mm. In case 1, if x =0 is taken at
antinode then

A = a cos kx
In case-2, if x = Qis taken at node, then
A =asinkx

But since nothing is given in the question.

Hence from both the cases, result should be

same. This is possible only when

a coskx = asin kx -
b1
kx = —
or 4

ora='—i———-3—'5——=4.95mm

cos kx = cos /4

(b) =2
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or ‘%=30cm
.. Number of loops = m = 120 =4
- A/2 30

Hence it corresponds to third overtone.
279. Let n, loops are formed in aluminium wire
and ng in steel. Then

| v v |
o) (3

or T ng (U |[la
ng v, J\U

But U=‘/i= Loci

Ve VpS Jp
Therefore, Y _ [Pa

va ps

Na_ [Pa la

nS ps ’S

Substituting the values, we have

ng_ [26x10° 06 _1
n, V104x10* 09 3

i.e., at lowest frequency, one loop is formed in |
aluminium wire and three loops are formed in
steel wire as shown below.

Aluminium

{(100)/(26 x 103 x 10)

=(1
@ 2x06

. T=mg=100N)
=163.4 Hz

Total number of nodes are five as shown in
figure.

280. Let y be the length of second liquid poured f,

- 281.

A.
Now let the first liquid comes down a level X,in
arm A and rises up the same level x inarm B,

Pressure at 1 = Pressure at 2

Then

so, P2gy = p1g(2x)

or x=P2 , Y (91=1
20, 4 po2

Length of air column in arm A is

1A=(11—h)—(y—y/4)=11—h_§4¥

and lengthof air column in arm B is
@=%—m+§

Now first overtone of A is in unison with
fundamental tone of B, so

3] vl_v
4, 4l
. 3
or Il—h—z-=3{(12—-h)+%}
_2(l -31, + 2
3 .
Let the line joining running man, car and
centre makes an angle @ with AO at any time t.

or [,=3

or y

o8B
d Car A
V., = — (AB
car dt( )
a de-
X Rl ™
de
But —=2
& 2 rad/s X

Vear = 11a sec? 6

tions
soltions

282.

265

v-vg cosc]))V
v

Now Vv =(

where v is the velocity of sound and ¢ is the

angle between the velocity vector of the

observer car and the line joining man in car
and centre.

, (v -y sin 9)
V=|—=—|v
v
_v-1la sec® 8sin 0
v
But sec? 0 sin 0 is a increasing function in the

range OSGS%

v{ will be minimum when sec® Osin 0 is
maximum which is when 0 = 45°
v-11a+2
= " ——v
v
_330-11x10 »
330
Vmin = 200 Hz
(a) Distance between two nodes is A/2 or k.
The volume of string between two nodes
is therefore,

V=%s (1)

min

300

Energy density (energy per unit volume) of
each wave will be,

1
u =3 pw? (8% = 32p0?

and up= —;— po? (6] = 18pe?

- Total mechanical energy between two
consecutive nodes will be,

E=(U1 +u2)V
=50 = pe?
kP(DS

(b) y=y; +,
= 8 sin (ot — kx) + 6 sin (ot + kx)
= 2 sin {0t — kx)
+ {6 sin (ot —¥x) + 6 sin (0 + fox)}
= 2 sin {0t — kx) + 12 cos kx sin ot

283.

284.

Thus, the resultant wave will be a sum of
standing wave and a travelling wave.

Energy crossing through a node per second
= power of travelling wave

P= 1 pw? (2)? sv

2 ©
pw” (4) () (k)

03s

k
Fundamental frequency,

%-) Do N

0.6r

!

l

v

f=i+v08

- speed of sound v = 4f(l + 0.6r)
or v =(4)(480)[(0.16)+ (0.6) (0.025)]
=336 m/s

The amplitude at a distance x from x =0 is
given by

A = asin kx

Total mechanical energy at x of length dx is
dE = % (dm) A%?
= 1 (ude) asin el (2nf?
or dE =2n?pf? o? sin? kx dx ..{1)
5
. 1=
v\ =T

Here f= 2= and k 7
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?ubstituting these values in Eq. (1) and
integrating it from x = O to x =1, we get total
energy of string,
n2a’T
4]
285. (a) Frequency of second harmonic in pipe
A = frequency of third harmonic in pipe B

E =

{A) (B)

2(la|-3|ts
(32)-3(z2)
or ba_3

UB 4
YaRT 4

M

’YBRTB
MB
Ya ’MB 3
or —— —— i — -
\/; MA 4 (aSTA—TB)
ﬂ=zﬁ(ﬁ)
Mg yg\9
-[53)(16 _5 7
(7/5)(9) (“‘5“‘“”“3)
Mg (21) 9) 189

(b) Ratio of fundamental frequency in pipe A v
and in pipe B is:

(asl=Ip)

or

=3
4

2N Y FIRY

Sa Va2,

(asTA =TB)

W M 189
substituting —& = —=
ng M, 200 from part (a), we get

fa [B 1893
fs 21 400 4

286. Velocity of sound in water is

’B f2.088x 10°
Vy=.—= - =1
0 10° 445 m/s

Frequency of sound in water will be

A, 1445x10°3
fo=10° Hz

{a) Frequency of sound detected by receiver
(observer) at rest would be

>6bse’rv‘ér(At rest)

= (10°) (__
1445+ 2-10

fi = 1.0069 x 10° Hz

(b) Velocity of sound in air is

o= BT
M

1445 + 2 )

287.

267

_ [24)831)20+ 273)
288 %1073

=344 m/s

wind speed
vw=5mis
<____.

source observer (At rest)
*r— > °
vs=10m/s

Frequency does not depend on the
medium.Therefore, frequency in air is also
fo=10° Hz.

- Frequency of sound detected by receiver
(observer) in air would be

Ug = Uy
fZ—fO (Ua_vw_vs]
=105|—_§_“;‘_5__]
|384-5-10)

f; =1.0304 x 10° Hz

04m

3.2m

Speed of sound, v = 340 m/s
Let I, be the length of air column corres-
ponding to the fundamental frequency. Then

v
—=2125
4l
v 340

lo= = = 0.
or lo=72125 4(2125)

In closed pipe only odd harmonics are
obtained. Now let I, l5,13,14 etc. be the
lengths corresponding to the 3rd harmonic,
5th harmonic, 7th harmonic, etc. Then

3|2 l=2125 = N =12m,
al,

512 |=2125 = I,=20m,
4,
v

and7 |—(=2125 = [3=28m,
4l

and9 |2 |=2125 = [,=36m
al,

or heights of water level are
(36-04)m, (36-12)m,
(36-20)mand

(36-28 m.

.. Heights of water level
are 3.2m,24m, 1.6 m

and 0.8 m.

Let A and a be the area of
cross-sections of the pipe and
hole respectively. Then

A=n(2x1022=126x10"3m?
and a=m(10"37? =314 x10"¢ m®
Velocity of efflux, v= \/-273_17
continuity equation at 1 and 2 gives

o)
. Rate of fall of water level in the pipe,

(ﬁ)=ﬂﬁsgﬁ

dt A
Substituting the values, we get

-6
-dH _314x10°° g

dt  126x10
or ’%HF =(111x10"%) VH

je— x —>|

Between first two resonances, the water leve!
falls from 3.2 m to 2.4 m.
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, Solutions
208 ‘ Problems in PEYE!&? - A =Y2-Y A, (d) Closed end is a displacement node or
aH _ (111x10°2) dt Substituting the values, we get " vyt pressure antinode.
HOT 32- 80 - 2, 4 Therefore, P, = P, + AP,
= _ = - A =
or I‘— ~-(111x 10‘2)fdt A (32 + 80) (@5=-1.5 cm and *Togtuy and Pn =Po - APy
) i.e, the amplitude of reflected wave will be 15 289. (a) Frequency of second overtone of the  290. Letl, and/, be the lengths of closed and open
§ ve si i losed pipe pipes respectively.
2,/ 4 - J32]=-(111 10-2 ot cm. Negative sign of A, indicates that there c )
or 2z (L1 ) will be a phase change of 1in reflected wave, =5(Y )= 2401z Given) Fundamental frequency of closed organ pipe
=5 440 { b
or t= 43 second Similarly aL is given by

288.

Rate of fall of level at a height h is

(_:{1) = —-,/29 o« «h i.e. rate decreases as

the height of water (or any other liquid)
decreases in the tank. That is why the time
required to empty the first half of the tank is
less than the time required to empty the rest
half of the tank.

TensionT = 80N

Amplitude of incident wave, A, = 3.5 cm

P Q R
> 3 2
lj=4.8m L=256m
Mass =0.06 kg Mass=0.2kg
Mass per unit length of wire PQ is
006 1,
17748 780 °
and mass per unit length of wire QR is
02 _ 1,
M= 556~ 128 9™

(a) Speed of wave in wire PQ is

= /T = |[— =
v =4T/m 1/80 80 m/s

and speed of wave in wire QR is

f 80
= - —
vy = /T/m, 1128 32 m/s

- Time taken by the wave pulse to reach from
PtoRis

48 256 ( 48 256

—_— +
o1 Uy 80 32

(b) The expressions for reflected and

transmitted amplitudes (A, and A,) in
terms of vy, v, and A, are as follows :

A=22"Y4 and o, =22 4

Vg + 1y U +Up

t= )5—0143

- 2x 32
*7132+80

i.e. the amplitude of transmitted wave will be
2.0 cm.

The expressions of A, and A, are derived as
below. In the opinion of author, you can
directly use these relations in examination,
But if time permits, you derive the relations
separately.

Derivation

Suppose the incident wave of amplitude A
and angular frequency ‘@' is travelling in
positive x-direction with velocity v; then we
can write

Y= A;sin o [t - x/v;] «.(1)
In reflected as well as transmitted wave, ‘o' will
not change, therefore, we can write
Y, = A, sin® [t + x/v;] ...(2)
and Ve = A; sin o [t - x/vy) ...{3)
Now as wave is continuous, sc at the
boundary (x = ()
Continuity of displacement requires
vity. =y, for x=0
Substituting  from (1), (2) and (3) in the
above, we get
A+ A=A ...(4)

Also at the boundary, slope of wave will be
continuous, i.e.

)(3.5) =2.0cm

oy, 9y, _dy,
A s R 4 for x=0
ax + ax ax or X
which gives
A-A = ("—1) A, ...(5)
Vg

Solving (4) and (5) for A, and A, we get the

‘required equations. i.e.

w2 X=0:AP=0

x=x:AP =1 APgsin kx

5v

= m
4 x 440
Substitutingv = speed of sound in air= 330 m/s
5x 330 _15
4x 440 16
x=£_4(15/16)_§
5 5 q

(b) Open end is displacement antinode.
Therefore, it would be a pressure node

or atx=0; AP=0
Pressure amplitude at x = x can be written as
AP = £ AP sin kx
2 2rn 8n 4
where k—T_ﬁ— 3m
Therefore, pressure amplitude at
x= L = 1—5/1—6- m or (15/32) m will be
2 2 »
8n
AP =% AP;sin ( 3 )(32)
. (5m
=+ =
+ AP, sin ( m )
AP,
AP=+—"20
J2

(c) Open end is a pressure nodei.e. AP =0
Hence P, = P, = Mean pressure

(Po)

v
fl—a

v = speed of sound in air = 330 m/s
But f; =110 Hz is given
Therefore, Zl;— =110Hz

1
L=V . 330
'74x110 4x110
First overtone of closed organ pipe will be
f3=3f; =3(110) Hz =330 Hz
This produces a beat frequency of 2.2 Hz with
first overtone of open organ pipe. Therefore, first
ovetone frequency of open organ pipe is either
(330+22)Hz=3322Hz
or (330-22)Hz =327.8Hz
If it is 332.2 Hz, then

2 (L) =3322Hz
2,

m=075m

vo_ 330
3322 3322
and if it is 327.8 Hz, then

2 (—”—) =327.8Hz
2,

m=099m

or 2=

or 12=—v m=——330 m = 10067 m

3278 3278
Therefore, length of the closed organ
pipe is l; = 0.75 m while length of open
pipe is either
1,=099 mor 1. 0067 m.

291. (a) Speed of longitudinal travelling wave in

the rod will be

1
b= X=,f2"1°1 = 5000 m/s
o V78000
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292.

Amphtude at antinode = 2A

(Here A is the amplitude of constituent waves)
=2x10%m

A=10%m = (=2t
2
= l=g=wm=0.4m
575

Hence the equation of motion at a distance x
from the mid-point will be given by

y = A sin kx sin ot
Here k=2r/A =21/04=5x

=onf =2 2>
o=2nf =2xr A
5000
=2n =
( o ) rad/s = 25000
y = (10°%) sin (57x) sin (25000 )

Therefore, vy at a distance x=2cm
=2x10"%mis

= (1079) sin (57 x 2 x 1072) sin (25000 nt)
or y=10"% sin (0.1 7) sin (25000 nt)
{b) The equations of constituent waves are
= A sin (@ — kx)
and Yy = A sin (@t + kx)
or y; =107 sin (25000 7t — 57x)
sin (25000 nt + 57x)

(i} If the detector is at x = 0, the two radio
waves can be represented as

and y, =107

Yy = Asin ot
and Yo = A sin (th (Al = A2 = A)
By the principle of superposition

Y=y +yp = Asin ot + Asin @t

y=2Acos(ml_m2 t)sin (m t)
2 2
0, + 0
= A, sin ——1—2t)
osin (25

Here Aq=2A cos ((01 _20)2 t)

Since | o (Ag)? < 4A% cos?| L1 = D2
0 2

So, intensity will be maximum when

cos? ((0;;_0)_2 t) = maximum =1

or cos (0)1 ;0)2 t) =+1

or wl—;(EQt=0,1t,2n...

2n 4n 2nn

0 -0y @ -0y O -0
n=012,...

Therefore, time interval betwen any two

ie.t=0,

successive maxima is

or 6.28 x 103 s.

(i) The detector can detect if resultant
intensity > 2A2,

or the resultant amplltude 22A

Hence 2A cos( )> J2A
®; - Wy 1

0S t|12—

“ ( 2 ) 72

Therefore, the detector lies idle, when value of

W - Wy . 1
cos | —L——2 t | is between 0 and ——=
J 7
or when &1 ; ©2 tis between n/2and /4 ort
lies between
_*  ad —TF
®; - 02 2(my — o)
f= L T
-0, 20, - wy)
_ 1 -
2(@ -0, 2x10°
t=157x10"3s

Hence the detector lies idle for a time of
157 x 10~2 s in each cycle.

293. Process ABis isochoric (V = constant). Hence

AW,og =0
AWpep = PoVo + % (Py) (%)
= (% + 1) PoVo
AWy = - % (%2 N Po) @V, - Vo)
=~ 2P

AUAB = nCvAT = (2) (-32—R)(r3 - TA)

3
= =—R
n=20Cy 2 )
— POVO_POVO)
'SR( 2R 4R
3 PV
= ZPQV(): AQAB ( = ;E)

AU gp =nCyAT = (2) (§R) Tp ~ Tg)

=(3R) (ZPOVO - P—Ovﬂ) = g‘ PoVo

Hence AQBCD = AU BCD + AWBCD

n 5
=|=+= PV,
(B+3)poo

AUDA =nCvAT
- (% R)(TA ~Tp)
_ PoVo 2PoVo)
=GR )( 4R 2R
9
=- 2PV,
4 ovo

AQpp = AUps + AWpa

294.

__%%%-—%%
=~ 3PV,
Net work done is
Wy = (% +1- :2) PoVo
=1.04 PV,
and heat absorbed is
Qb = AQu e

3
(4 + — 2 + 2)PoV0 403P0V0

Hence efficiency of the cycle is

W et
=_ret 300
! Qab

_104PW% . 100- 258%
=~ 2.03PV,

For isothermal process AU; =0
AWl = nRTl In ( ] AQ (1)
Y

In the second step, gas is heated isochorically.
So, AW,=0
and AQZ = AUZ = nCv (T3 - Tz)

R
-T. Cy=——
1 2 (V 7—1)
or  £Q,=Fa=Pis 2
v-1
AQ=AQl+AQz
nR (T3 - Ty)
= I LJnlUs—To)
nRTln(Vl) y-1
Given that AQ = 80 kd, n=3,
T, =T, = 273K,
V, =5V, = Vs,



272

Problems in Physje

295.

296.

P3=P
and nRT3 = P3V3 = 5P1V1 = 5nRT1
We get

AQ=nRT; n(5) + 4nRTy

4nRT,
~ AQ- nRT, In(5)

Substituting the values we get
(4)(3)(8.31)(273)
80,000 - (3){8.31)(273)(In 5)

or y=14

or

'Y:

The initial and final positions of the two gases
are shown in figure below :

Let the mercury is displaced by x. Then
dV=xS (1)
Where S=5mm?=5x10"%cm?

In équilibrium, pressure on both sides is say
P’.Then

P’(V-dV)=nRT ...{2)
and PPV+dV)=nR({T +dT) ...(3)
Dividing (3) by (2), we get

V+dvV _ T +dT

V-dv T
Here V=1litte=10%cm?

T=293K and dT =01K
Solving, we get

dV =017 cm?
Hence x= ﬂ______O 17 =3.4cm
S 5x10°2
2
P of ;/m. (P = constant)
2
Hence V= of ;BT

297.

o we(EPar
W =deV=IP(°‘"PZﬁT) arr

or W =[oT - 13121112

=T - T) - B(T* - ;%)
The work done by the gas is
W=W +W,
Here W, is work done against the force of
atmospheric pressure and

Gas

W, = work done against the force of gravity.
The mercury gas interface is shifted by

Q+1+0) =12 or % upon the complete
displacement of mercury. Hence
5
Wy ==P,S.I
The work done against the force of gravity is
equal to the change in the potential energy of

mercury as a result of its displacement.
COM of the vertical portion of the mercury of

mass % rises 3//4 while that of horizontal
portion of mass _r_;:_ rises by /. Hence

(of2)-(on-i

m=21pHgS
5 7
W=W1+W2=§POSI+§mgI

Here,
Hence

W= [g P,S + %pHQ(ZI)gS}I

solutions 273
Substituting the values The centre of mass of iron rod is at its <./entre,

298.

299.

7

W= (gx105x10'4+8x13.6x103x2

x 025 x 98 x 1074)025

W=77J

Let A be the area of the pond. Transfer of heat

will take place from bottom to top.
-10°C ,

K = thermal conductiviiy of ice = 2W/m°C
p = density of ice = 900 kg/m3

= latent heat = 80 cal/g

=(80x 10% x 4.18) J/kg

dQ dm)
Now, rate of heat flow — =L .| —
ow, rate of hea F)w & (dt,
or Temperature difference _ LoA ( dy )
Thermal resistance dt
10 dy
°r yKA P (dt)
or y.dy=£’-}—(—.dt
Lp
Lp
dt= d|
r 10k 7Y
¢ Lp 8x1072m
orjdt— Iy y——( ]
170K, 10K\2 ), 02,
(10' )
64 - 16
o IOK( )

Substituting the values, we have
80 x 4.18 x (10%)(48)(10~ 4)(900)
10x2x2

or t=36115.2s5=10.03 hr

t=

Let m; and m, be the masses of iron rod and

aluminium rod respectively. Then
my = LAp,,,

and my =IApy (p = density)

i.e. ata distance y; = % from the top and the

centre of mass of aluminium rod is at a

distance y, = (L + 2) from the top.

From definition of centre of mass, the ceritre
of mass of iron and aluminium rods from the

top is given by :
_ My + Mgy,
m +my
L I
) (ml)(-z—) + my (L + E)
m1+m2
(L"_x)i'-_J,m (2;,1&)
dy_\2)do " *\do 2do)
) de m1+m2 -

dL . dl
Here, £=‘-0‘imn and :ﬁ:kzﬂ

*. Equation (1) can be written as

(LA;;,L) (LOtron) + (AP A ML Otiron)

Apa

dy +(T) (o)
E - Mpiron + ’APAI

L2

’E Piron %iron + LI Pal Qiron

12 pp ey
or o T2

dé Loion +1pa

Substituting the values, we get
4 _ 806 x10°mr°C
do
Let 8, and 6, be the temperatures of the

vessels at any time t. Then the temperature
difference will be
0=6,-96,

- (R o

with time, 6 and 8, will decrease while 6, will
increase

300.
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301.

dQ _KA{, -0y _ KA

dt o !
The vessels are adiabatic and volume is constant.
Hence heat will transfer from A to B through
the rod. Work done by both the gases will be
zero. Temperature of A will decrease while
that of B will increase.

-(2)

de,)_dQdt _ 2 dQ
Heme( dt)—nCv 3R dt
de, dQ/dt 2 dQ
d Z2.TeT- = T .3
¢ @ The,, R @ )
From (1), (2) and (3)
(-0)- 26 d0_ J6 K4,
dtJ 15nR " dt 15nR’ |
de  16KA
or —=— .
- 8  15nRI
or '? 29-:_____—16“]‘
nip © 15nRI 70
_16KA
or 0=(T, - T,) e 15"/

At increased temperature, let Al; and Al; be

the increase in length of aluminium and steel
respectively (if they are free). Then

All = Io (119
and Aly =100
Suppose Al < Aly

Therefore, the composite rod will increase in
between of Al; and Al,. Say it is Al, where

Al; < Al< Al

Due to this, aluminium rod has a length
(Al = Aly) more than its natural length at
temperature 9 and steel rod (s} will have a
length (Al, — Al) less than its natural length at
temperature 6.

Due to this steel rods will exert a force F, on
aluminium rod from two sides, which in
equilibrium be balanced by intemal restoring
force Fy. Thus,

F1=2F2

Note:

Problems in Physigy

YA (A’ _N1)=2Y2A [A’Z‘A’)
lg lo
Solving this we get,
YIAIl + 2Y2A12
Yl +2Y2
_ Yilo,0 + 2Yol 0,0
Yl + 2Y2
I = IO + AI

=10{1+

Al =

Yioy + 2Yy00 _é]
Y; +2Y,

Oni steel rod, force exerted by aluminium rod ig
Fy (in- -opposite - diréction), which is bemg

 balanced by its own restoring force.

302.

303.

Let H be the rate of heat flow. Then let us take
a strip of length dx at a distance x where
temperature is T. Then thermal resistance of

strip,
KA Kyl+aT)A
H .dx
- =H.dR=———
() : KyA(l +aT)

I;:O—@(l+aT)dT [0 dx

Solving this equation we get,
KoATy [, . 30T, ]

a
dt

H= 1+
L L 2]
kAT ~T) kAT =Ty _ o dT.
/ ! dt
IC dT
Iy Ty + koTo) = (kg + ko) T) = — —
= [lkyTy +koTp) = (ky + ko) T] A
i tark)T Y IC
(T, +koT, | AllT, +kgTy)
dr
1-AT)=2’ ,
= ( ) 4
where X=£Ez——
and oI
A(lel +k2T2)
T dT t dt
= '[ 2= =
o 1-AT 0 A’

1 solutions

275

L —

1-AT ) _-A

! =2y
= " (1 - xro) A
A

pI-0-ATge? ]

=

A
By putting values of A, A’ and t, we can see that
Mo _y
xl
1 (1-ATye™
= Tt=t0 =x—_—x9_—_
1 1} T
Ty =—j1-=|+2
= = l( e) e
- T To (1_1) (ke T1 + koTo)
t=to e e kl +k2
304. (a) PT?2 = constant
(@P)TE = (P TS
TA=TB‘\/§
T,=Tc=600K
During the process A —» B
PT2=C
P2 =k
k1/3
P=W
B
Was = [, PdV
r ;2+11VB
kl/alv3 J
2
—+1
3 Va
=3 [k1/3 R (vé/S _ V;l‘/3)]
WAB=3(PBVB-PAVA)=3HRG'B-—TA)

=3x 3x R (300-600)=-2700R
(b) Heat evolved in different processes are
QAB = WAB + AU
'=W,g +nCy AT
=——2700R+3x—g-Rx(—300)

= - 2700R - 15x 150R
=—4950R

305.

306.

Quc =nCp AT =3 %2 R (300)

=21 x 150R = 3150R
Qea=AU + W =0+Wc,
[As CA is an isothermal process]

Qs =nRT, | n-V——nRT n Fc

Ve PA
Qca =3 xR x600In (2) =1247 4R

We have, for an adiabatic process

TV -1 = constant

Differentiating with respect to T
-z dV
V14T -pvt-222=0
. +Ty-1) -0 .
dv %
= —=-
ar T@-1)
Also, ;‘!' =m
dT 5, v
Vo
Toly-1)
Vi
-1=_29
or Y Tym
and Cv=i_=RTdn

Under isobaric process,
W = PAV =nRAT
nRAT
AU =nCy, AT = ——
nCy 'Y...l
Q=W + AU,
A ="RAT (1)
v-1
At T, distance between nodes = 3 cm
M

=3 = A =6cm

= v; =nk; =300m/s
at Ty= "2 -4 = A,=8cn
= Vg = 12=400m/5
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307.

| T v 9
h b W s W
onee T, (Uz)

Hence, T,= (% T, =512K

mass
volume

and e»= 300 = M_
2.8x 1072

which gives
_ (3007 x 2.8x 1072
T 15x10°
n=PV
RT
_15x10° x10? x 10°°
- 8.31 x 288
"=6.27x1072

Substituting the values of n,y and AT in
equation (1).
Amount of the heat supplied

6.27 x 1.68 x 8.31 x 224 x 1072

Density =

=1.68

Q- (1.68—1) ’
=288.34 J
Escape velocity from the surface of the planet
= J29,R,
Given =Y
J6 V
g eRe 29 PRe
3 36
= 8, =

Pressure exerted by the atmospheric column
of height h on the surface of the planet

P= pg,h

Therefore, % =gpyh

Hence, speed of the sound

(ﬁa

308. (a) The cycle is shown in the adjacen
diagram:
A
B
3Pg
c
A 4 113 P,
Po
D|0.38 P,
Vo 2V

The pressures and temperatures at
A, B, C and D are found by using the
equation of the process and the equation
of state.

Po_Ps
Ty 37
PBVY = Pch
V
= P.=P ( B
c=rgp Ve
Similarly using PV} = P,V we can find
PD = 038P0
The temperatures are: (as T «< PV)
TA =T0, TB =3T.0,
TC = 226T0, TD = 0.76T0

(b) QAB = ‘g R(3T0 - To) = SRTO

Qpc =Qpa=0
_QCD =- g R (15T0) =— 375RTO

= PB =3P0

J =1.13p,

QTO!B.I = 1.25RT 0
Efficiency,
1.25RT,

x 100 = 25%
5RT,

T]:

In equilibrium,
F,=F,

(Ala - Al - Al
ls

[ (50) (20 x 107°)(60) - A, - Al

h 50

)(YaAa) = (_A_’%A_’l) (Y.A,)

c

2}(90)(10)2

25
. 1.8(6x 1072 - Al - Al,)
=(2.4 x 1072 + Al,) .
2.8Al +1.8AI,=84x102  ..(1)
Similarly :

_ [(25) (16 107) (60) + Al ] (100) (57

F,=F,
[(50) (20 x 107) (60) - Al; - Al 2] (90) (10)2

50

_ [(25) 12x 13'56) (60) + A’z] (200) (57

.. 0.9(6x107 - Al, - Aly)
=(1.8x 1072 + Aly)
0.9Al; +1.9Al, = 3.6 x 1072 (2)

Solving Egs. (1) and (2), we get
Al =256 %102 cm

and  Al,=0.68x10%cm

Stress in three portions,
[(25,\ (16 x 107) (60) + 2.56 x 10-2]
e = 75

x (100 x 10°) N/m?
=19.84 x 10’ N/m?

(50) (20 x 1075) (60) — 2.56

© x(200%10°)
{compressive)

Ga=|  x10%-068x10% | (90%107)
50
=4.97 x 107 N/m? (compressive)
) and
(25) (12 x 107%) (60) + 0.68 x 1072
G = 25
=19.84 x 108 N/m?

810. (a) First law of thermodynamics for the given

process from state 1 to state 2
Qz-Wie=Uz-U;
Here, Q2 =+10PVp d
Wi =0
Us-U;=nCy (T3 - Ty)
nCy (Ty — Ty} = 10PVp
For an ideal gas
PgVp =nRTy”
and Cp-Cy=R
5R 3R

CV=CP R——z--R—-z—

n (%B-) (T, - To) = 10nRT,

_23

As P « T for constant volume
23
P,=—P,
2=3 %0
2

(b)

811. Initlal pressure of gas

P1=P0+%dgv

where P, is atmospheric pressure

Initial volume of gas V; = %

(Volume remains constant)
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Initial temperature T; = 300K

. When half of mercury comes out of the
cylinder, final pressure of gas

H
P,=Py+-—d
2 (] a g

. and final volume of gas

H 3v

Py +— N i
=(o 4dg) (4)x300
' H 1%
| Py — .
(" 2"9).2

Putting Py =-0.76dg (atmospheric pressure)
we get

T, =3375K

(a) Wy is less than Wyg- as area under
graph is less.
(b) For process Ato C

Q=200J
8Pajf------ : c
4Pa}--.... E

5m? 15m?3 \7

312.

Work done
W 4c = area under AC

=(10x 4) + (10;‘ 4

)=60J

From first law of thermodynamics. '
AU =Q-Wyc
Uc-U,=200-60
Uc=U,+140

=10+140=150J

Problems in Physia

(c) From Ato B
Ug=20J
Ug-U,=Q-0
20-10=Q
o QR=10J
313. W, = (2Q)yee =10+15-10=154
AQ,=10+15=25J

n= 2z x100=60%

314. (a) Given ‘=2 and L2=2
Va c
In the process AB (isothermal)
AUz =0
Hence AQ g = AW g

. |
=nRTyin 2 =RTin(2) =)

A
In process BC (adiabatic)
AQBC = 0
hence AWpge =~ AUpc
=-nCy (Tc -Tg)=Cy (T ~Ty)
In process CD (isothermal)
AU ch = 0
hence AQgp = AWp
=nRT,/n (YQ) =RTn(@
Ve
In process DE (adiabatic)
AQDE = 0
hence AWpg =~ AUpg -
=-nCy (Tg - Tp)=Cy (T2 - T3)
In adiabatic process, we know that
TV -l =constant or T ecVi-7

Hence in process BC, DE and FA:
T (%)
T, \Vc
T3 \Ve

1-
and E:[&] »Y
1 Va

E

o AU:Q_WM

(1)
(2)

(3)

1 g lutions

279

Multiplying equations (1), (2) and (3), we get

1-
1=(ﬁ Y% yﬁ) !

Vi Ve Ve
or 1=(2x2xy£)1 i =(EY£)1 k
Ve Ve
or ﬂ:— =1 = -Vi = —1—
Ve Ve 4
Now in process EF (isothermal)
AUgs =0
and =-2RT;In(2)
In process FA (adiabatic)
AQr,=0
AWpy =~ AUps
=-nCy (Ta~Tr)
=Cy(T3- Th)

Three quantities viz. AQ, AU and AW in
tabular form in different processes are shown

below :
AB RT,In(2) 0 RT; In(2)
BC 0 |c,@-To|Cy -T2
¢ | RT,h@ 0 RT, In(@)
DE 0 oy @s-To)| Cy (Ta-To)
EF |-2RT3In(2) 0 - 2RT;3In(2)
FA 0 Cy (M -Ta)| Cy T3 -Th)

(a) From the table

W, =R(Ty+T, -2T) In (2
(b) Heat absorbed by the gas

Qp=Q.=R(N +T) In(2)
(c) Efficiency of the cycle

n= net work done
heat absorbed

_RM+Ty- 2T3)In(2)
R(Ty +Tp)In(2)

_2%_

L +Te

=1-

315. Process A-B is an isothermal process i.e.
T = constant

Hence Pm% or PV grabh will ke a

rectangular hyperbola with increasing P and
decreasing V.

pe< —‘17 Hence p-V graph is also a rectangular

hyperbola with decreasing V and hence
increasing p. .

[ _pP™m]
p=—==
"7 %]

Hence p-P graph will be a straight line passing
through origin, with increasing p and P.
Process B-C is an isochoric process, because
P-T graph is a straight line passing through
origin

i.e. V = constant

Hence P-V graph will be a straight line parallel
to P-axis with increasing P.

Since V = constant hence p will also be
constant ‘

Hence p-V graph will be a dot.

p-P graph will be a straight line parallel to
P-axis with increasing P, because

pe<P

p = constant
Process C-D is inverse of A-B and D-A is
inverse of B-C.

Different values of P, V, T and p in tabular
form are shown below

B 2P, 2
V.
4Py 'zﬂ 2Ty 2p
2P0 VQ 2T0 Po
T
Here V,=nR (—9]
0 P,
_PM
and Po = RT,
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316.

The corresponding graphs are as follows :
PaA
2po[---- -
i
i
Po f---- t=--= AD
] ]
] ]
t ]
I ]
] ]
| t
t |
'
o Vo
2
Pa
4Pg
2Pg
Po
v
PA
B C
2P ===
i
!
!
) !
0 d :
| 1
! 1
t 1
b |
AR
1 i 1 > P
Po 2Pp = 4Pg
Let VC = VD = Vo(mlnlmum)
Then Va= 82 Vo (maximum)
T <PV

Hence temperature at A and D will be
maximum and at B will be minimum. (In
adiabatic compressin  temperature is
Increased. Hence 7, > Tp)

Problems in Physigs |

SO, let . TB = To
Then TA TD 4T0
Process AB is isobaric (P = constant)
VeT
vV,

o Va=Tg|=2
' B8 (TA)

_ ] 82V,

(ro)( i = 22V,

Process BC is adiabatic, so

v-1
Te=Tp (VB)

Ve
' (5/3) -1
Vo
(Y for He is 5/3)
SO, ﬁnally TA = 4T0, TB = TO’

Tc=2T, and Tp=4T,
Now in process AB (isobaric)
AW,g =AQus - AU 4
=nC,AT - nCyAT =nRAT
=nR(Tp - T,)=~ 3nRT,

and AQ 4z is negative (released)
In process BC (adiabatic)

AQBC = 0
AWBC == AUBC =- nCVAT

3 3
="\(§R)‘TB'TC’='§"RT°
In process CD (isochoric)

AWCD = 0
and AQCD = AUCD nCV (TD Tc)

—n( )(27'0)—3"”0

In process DA (isothermal)

AU DA = 0
Hence AQps = AWy, =nRT, In [gA)
D
=nR(4T,) In (8v2)

=14nRT~In(2)

golutions

m—

~. Total work done is
W, = - 3nRT, - % nRT, + 14nRT, In (2)

W, =nRT, [14 In (2)- g] = 5.202nRT,

and heat absorbed is :
Qu = Qi = 3nRTy + 14nRT( In (2)
=12702nRT,
Hence efficiency of the cycle is
- Wnet
n o x 100
_ 5202 nRT,

_ 5202nRTy 100 41%
12702 kT, < 0

817. Suppose initially pressure and volume of each
gas is Py and V, and n; and n;, are the number
of moles in A and B respectively. Similarly Ty
and T;, are the initial temperature of sample A

and B then
PoVo = HIRTI = n2RT2
Work done in isothermal process is

W, =n,RT, In (%) (volume is doubled)
0

or Wy =nRTy In (2)

Let T,’ be the temperature of sample B after

expansion. Then
‘ngRTy = noRT,’
W,=D2812-Nol2
2 y-1
For adlabatic process
T V-1 = constant

or TV~ =Ty @Vl -}

or T =T, (27
Substituting this in equation (3) we get
RT,(1-2!"7)
W, = Naitia

Given that W; =W,
Hence equating (2) and (4) we get

_ol-v
nRT; In(2) = nRT,(1-2""7)
y-1
But n RTI = anTz
Hence 1-21""=(y-1)In(2

{from equation 1)
Proved
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318. Given that

or i o]
dh
1
dP
—=-K P" {1
or T (1)
From gas equations
1/y
=P rr=-KP pr (2
P M M @ ‘
Differentiating {2) with respect to h, we get
'Y 1 p-1y )=KR dar ..(3)
From (1) and (3), we have
—_—=— R ( ) constant
Hence dT = (Mg)('y 1) dh
substituting the wvalues, dh= 10° m,

319.

= constant

where K is a constant.

A = area of cross-section
of element

pAgdh = weight

Considering the free body diagram of an
element in the atmosphere
Equilibrium of this element gives

(P + dP) A + pAgdh = PA

M = 0.029 kg, y = 1.4 (for diatomic gas), we get
__(0029)(98)(14 - 1)
dT =-—gsix1a 1
==-9.8K
When the piston moves upward by Ax :
pressure inside the gas is
mg k Ax
P=Py+
oAt
mg k AV
A ar

or P= Po + —
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320.

P= P0+7+ 2(V (1)

Here k = force constant of spring

P, = atmospheric pressure,

m = mass of piston

A = Area of cross-section of piston
and V, = initial volume of gas

Equation (1) is a equation of straight line.
Hence P-V graph will be a straight line.

\

Vi V2
The work done will be the area under P-V
graph or the hatched area.

(P1+P2)(V2-
2

Hence W = V)

321.

or Ah = —W.‘/s—
P, =W
(o + W)
Substituting value of Ah in equation (2), e
get
. ]
(pos B v
A PoA+2W
Ty = 3
2
nR
(PiA+W) (POAV + 2 WV)
or Ty= 3
2
nAR (POA + g W)
or Ty= (PoA + W)(3P,AV + 2WV)

nAR (3P,A + 5W)

Total heat given. to the system is Q- Q’. So

from first law of thermodynamics,
Q - Q' = total work done by the gas in both
the chambers (W) + change in

internal energies of both the gases (AU) ...(1)
Here W = sum of potential energies stored in

let T; and T, be the initial and final the springs
temperatures then [ 2
1 1 ke
PyV =nRT, (1) W= 2[2k(2) J vy (2)
and |Py+ V- Ah)= .
7 ( 0 )( h) = nRT, -(2) Since the temperature of left part remains
. ) tant (pi
Since the gas is thermally insulated, the entire f;g:na? e,ﬁifg; r:,f ?:ff ;ar;tofj:;n:gft Chl;iat),
.work done on the gas is spent to change its AU of right part can be iven as %
internal energy. Work done on the gas is Wh. %l
Hence AU =nCyAT = 2 nRAT ...(3)
— Al = 23 '
Wh = AU =nCyAT = ENR T-T)  ...(3) AT can be found from the condition of
3 equilibrium at the end of the process.
Cy= 3 R for a monoatomic gas pressure on right side = pressure on left side
Equation (2) - (1) gives : nR(T + AT) nRT 2 (}%)
nR(T,-T)) = —V Wh - P,Ah Al +12 =A(I—I/2)+ A
Substituting (T, - Tl) from equation (3), we get simplyfying this w; kg’ezt
2un WV or AT =——+ 2T
§Wh-T—Wh—POAh 2nR @)

GOP A NN g
Y

322.

323.

: ions
solutior
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From equations (1), (2), (3) and (4), we get

k12 3 _(3Kk?®
———-=nR +2T
Q’=Q 2 (ZnR )
or Q’=Q—Eklz—3nRT
(a) Heat capacity at constant pressure will be
C = (dQ)p _ dW +dU
= =
de dé
[dW dUT [Pdv  dU]
= ——t—= +
| a0 " a6 || de " de ]
[ (P)W.d6)  dU]
P AT et A St =3
' de r=3a)
[ dU ] m
= (P)(V)(3a) + — V==)
| d | P
[3Pom . dU |
C,=|——+— {1
P7|Te e ] .
Heat capacity at constant volume will be
C = (dQly _ dW + dU
Y dé doé
0 +dU - _c_ig (2)
do dé
From (1) and (2}, we get
c,-C,= 3Pom
(b) The above expression, i.e.
Pam .
C,-C, = is form kg of substance.

We have to find this value for 1 mol or
27 x 10~2 kg. Hence substituting the given

values, we get
(3)(1.01 x 10%)(23 x 10°5)
(27 x 1073
2700
= 69.69 1J/mol-K
Let 0 be the rise in temperature, Y and v,

the coefficients of volume expansion of
mercury and water respectively.

Then, )

. volume of water outflow

C,-C,=

P

324.

= final volume of water
+ final volume of mercury
— volume of vessel.

Initial volumes of water and mercury are

500 1000
ccand

1 136
volume of water outﬂow

cc respectively. Then

=— (1 +Y,9 + (1 + Yugd)

(500 + 1000)
1 136
1000

0
136 'He

3.52

Prinal

or ﬁ l+v,0=

or =500y,.0 + —

500,98 + 7353 Y 0

or 496.48 ¥,0 + 7353 Yy = 3.52 ...{1)
Another equation can be formed from
calorimetry
21200=500x1x 6 + 1000 x 0.03 x @
or 0=40°C
Substituting the values of 6 and T, in
equation (1)
we get

hg = 1.84 x 107 per °C.

Initial pressﬁre,

pP=P, + (mg)

9x10
0.09
90x10°
9
=1.05% 10° +1x 10°

=1.06 x 10° N/m?

If n is the number of moles of the gas
PV
n o e —
RT

_ 1.06x10° x 0.027

8.31x 300

When heat is given to the system piston will
move under constant pressure.

=1.05x10% +

=1.05x10% +

=1.15
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AQ=nCp A‘T
25x10* =1.15x g x 8.31 x (AT)
AT =1046 K

Final temperature = 1046 + 300 = 1346 K
Final pressure will be same as initial

=1.06 x 10° N/m?
W=Q—AU=nCp AT—nCV AT =nR AT

=(1.15)(8.31) (1046) J = 10* J

Initial charge on the capacitor

@ = CUy=T5x10%x Z2=16C

The charge on the capacitor decays as
q= qee~"RC
At t = 2.5 In (4) minutes
=1501n (4) sec
g=16xe ™ =4 C
RC =150s

Total heat dissipated in the resistor in the
given time

2 2

=9-9 _
2C 1.6kJ

= heat imparted to the gas

(@) Work done by the gas at constant
pressure

= PAV = nRAT ~ 0.182 kJ
(b) Increment in the internal energy
AU = Q W=16-0.182=1418kJ

_nCpAT _ Q
(C) v= CV chAT AU =113

Let A denote the
cross-sectional area of the h
piston and y the vertical
displacement between its
initial and final equilibrium h
positions. (See fig.)

The decrease in potential
energy of the weight W
increases the internal
energy of the air inside the

cylinder. Conservation of energy between the

initial and the final states gives
== [plA(h Y) + p2A + V)]
- 2poAh] ...[1(a))

where p, is the final pressure in the lower pan
of the cylinder and p, that in the upper par,
The internal energy of a gas made up of
diatomic molecules has been written in the

form g pV. f W is very large, the decrease ir,
its potential energy (and the corresponding
increase In the internal energies of the gases)

is very large, and the initial internal energy of
the air can be neglected. Thus

Wy = g [B1A = y) + ppAlk + )] ...[L(b)]

When the load is finally at rest,

(p-p) A=W (2)
The temperatures and the masses of the gases
in the two halves are identical, and so their
internal energies must be equal:

ZhAb-p=2pAb+Y) .03

Equations (1b), (2) and (3) yieldy = \/;j h for
the displacement of the piston, 1. e., the gas in
the lower part is compressed to 1 - ‘/:?-9 =15

per cent of its original volume,

®: The surprising result Is that the volume.of air in

<L the' lower part does not tend to zerd,’ however

327.

large the weight is, even:though .gases are
supposed to be. compresslblel The Jarge - load
increases ‘the  internal- ansrgy, and:hence the
temperature, of the enclosed gas, This causes
considerable incraasss in not only the-absolute
pressures, but also in the dmaronce betwaen the
upper and lowar:pressires. :

(@) V=4 x 104
=2x10°Pa
Vp=2x103m?
For adiabatic compression.

Solutions 285
P 4
A
=(1.0 -
a0 (300) 3™
. 528 x10%Pa As there is no heat loss, process is adiabatic.
For adiabatic process,
TfoY -1_ T,V,Y -1
v-1 " 14-1
%105
2x10°Pa Tf = Ti [YL] = (400) [_f]
. S Vi hy
800 K 1056 K 113K 4\04
an\14 - (_) =448.8K
Vl 5 4 x10
P 2= P 1 = 2 X 10 a5 ar3
V2 2x10 329. When the temperature is increased, volume of
=528x10° Pa the cube will increase while density of liquid
will decrease. The depth upto which the cube
_3
T = AV = 2x10°x4x10 is submerged in the liquid remains the same,
nR 1 xR hence the upthrust will not change.
R ’
F=F
=800K ., .
T PV, Viprg =VipLg (V, = volume immersed)
* R (Ah) () (@) = A(L + 20,AT) (h)
_ 528x10°x2x107 oL
- 1. g 1++1 AT
R Solving this equation, we get
=1056 K
In the second process heat given is 200 J. Vi =20
AO = nCoAT 330. Rate of heat conduction through rod = rate of
Q= nl P 7 heat lost from the right end of the rod.
200=p x5 RAT EE}TLZ?):eAcG;—Ts) 1)
=57K
= AT =57 Giventhat T, =T, + AT

T, =1113K

(b) Wtota] = Wadibatic T Wxsobanc
1 R(1056 - 800)

=— - 74+ _.R(57)
R 1-14 R
=-5834J
328. At constant pressure, V o< T

V, T,
or T
Ahy T,
o Ah T

T =(T, + AT =T (1 4 91)
T;
Using binomial expansion we have,
AT
Ty =T}|1+4
$am (1004

s

) as AT << T,

T - T} = 4(AT)(T))
Substituting in Eq. (1), we have

Kl =T - A1) _ 4eT3 . AT
L
K(T, - T.) 3, K)
B = 5] _ [ 4eoT: AT
or 3 ( €0 L
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__KMNL-T))
(4ecLT2 + K)
Comparing with the given relation, propor-

tionality constant = ——.
declTy + K

331. Decrease in kinetic energy
= increase in internal energy of the gas

1 3
> mvg =nC, AT = (%) (-2- R) AT

Mo}
3R
332. (a) Rate of heat loss per unit area due to
radiation
I=eo(T* -Tg)
Here T =127+ 273=400K

and Ty=27+273=300K

=06x % x 107 [(400)2 — (300)°]

AT =

= 595 watt/m?

(b) Let 6 be the temperature of the oil. Then
rate of heat flow through conduction

= rate of heat loss due to radiation

temperature difference

=(595)A
thermal resistance (595
©- 1127) - (595)A
()
Here A=area of disc; k =thermal

conductivity and / = thickness (or length) of
disc

©-127) ? =595

0= 595 (i) +127

_595x 102
0.167
=162.6°C

333. Volume of the box = 1 m3
Pressure of the gas = 100 N/m?

+127

Let T be the temperature of the gas. Then

t——>
i

(a) Time between two consecutive collisions
with one wall = % s. This time should be

equal to —ZL, where | is the side of the

ms
cube.
a4 _1
Vs 500
or Ums =1000m/s  (as/ =1m)
or ,fi’fl =1000
M
T . (1000°M
3R
_(10°@x10%) _160K
3(25/3)

(b) Average kinetic energy per atom = % kT

- g (1.38x 1023 (160) J
=3.312x1021 J
{c) From PV =nRT = —;:7 RT

we get mass of helium gas in the box,
"PUM

RT

. substituting the values we get,
- _100m@ _
(25/3)(160)

334. Given: Number of moles, n = 2
C, = g R and C,= g R (Monoatomic)

T, =27°C=300K

Solutions 287
- v
o B - @R} (300 - 600)
Qcp =-900 R (released)
2V Process D —» A
Vo T=constant = dU=0
: v
(o] QDA = WDA = nRTD In (v—g)
Let Va=Vy v
- 0
then VB = zvo =2 (R) (300) ln (Zvo)
and VD = VC = 4V0 1
(a) Process A—» B =600RIn (Z)
VT = ;—B = %‘i Qps = - 831.6 R (released)
v A A (c) In the complete cycle
~Tg=T, (—\—/5) =(300)(2) = 600 K dUu=0
A Therefore, from conservation of energy
Tg =600 K

(b) Process A— B
"~ VT =P = constant
QAB =nCp dr =nCp (TB _TA)

-2 (g R) (600 — 300)

Q.5 = 1500 R (absorbed)

Process B - C
T =constant .. dU

=0
. W - (VCJ
S QBC = WBC = nRTB In] %
. Vs
4V,
=(2)(R) (600) In (Z_VO)
=(1200R) In (2)
= (1200 R) (0.693)
or Qge = 8316 R
Process C—> D _
V = constant
Qcp =nCydT =nCy, (Tp - T¢)

=n(-§—’R)(TA - TB)
(TD =TA andTC =TB)

(absorbed)

Wiet = Qag + Qac + Qcp + Qpa
W, =1500 R + 831.6R - 900R - 831.6R

or Wt = Wepm =600 R
335. (a) Number of moles,
n=2T, =300K
Pa

. . » T
T4 2T,
During the process A — B
PT = constant
or P2V = constant = K (say)
p_JK
N
B % JK
Wag= [P.dV= j-vdv
Va Va
= 2JK Vg - JVal
=2 [,/KVB - JKVA]
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= 2(Ps™V)Vg - {(PZVAVa] (K = P2V)
= 2 [PBVB - PAVA] = 2[nRTB - nRTA]

= 2nR [T, - 2T;]=(2) (2) (R) [300 - 600]
=-1200R

.. Work done on the gas in the process AB is
1200 R.

WA—)B=-1200R

Alternate Solution
“PV=nRT
PdV + VdP = nRdT

or PdV+@.dP=anT 1)

From the given condition
PT = constant

PdT +TdP =0 (2)

From equations (1) and (2), we get
PdV = 2nRdT

T
Wa_ g = [ PdV = 2nR de
Ta
=2nR (Tg - T,)
=2nR (Ty - 2Ty)
=(2)(2) (R) (300 - 600)
or Wa,p=~1200R

(b) Heat absorbed/released in different
processes : '
since the gas is monoatomic,

3

therefore, C, = 3 R

and CP=§R and y=5/3

AU =nCyAT = (2) (g R) (s ~T,)

ocess A - B

-2 (g R) (300 600) = - 900 R

QA—)B =WA—)B + AU
=(-1200R) - (900 R)
Qa_, g = - 2100 R (released)

*

\

Alternate Solution :
In the process PV* = constant

Molar heat capacity,
R R
—_ 4
vy-1 1-x

Here the process is

P?V = constant

or P VY2 = constant
ie. x=l
2
R R
C=Eaitiiz
C=35R
Qa_, 5 =nCAT

=(2) (3.5 R} (300 - 600)
or Qs pg=-2100R
Process B — C: Process is isobaric

Qg c =nCpAT
-@ (gR)(rc ~Ty)

5

= (5R) (600 - 300)
Qg_c=1500 R (absorbed)
Process C — A : Process is isothermal
AU =0
. PC
and Qc_)A-_—Wc_'A:nRTC In{=%=
P,
2P,
=nR(2T) In| =1
"R “( 2 )
= (2)(R}(600) In (2)

Qc_, 4o = 831.6 R (absorbed)

In first law of thermodynamics,
(dQ = dU + dW) we come across three terms
dQ, dU and dW.

dU =nC,dT for all the processes whether it is
isobaric, isochoric or else,

the process PV* = constant.

In both the terms we require dT (=T; - T))
only. The third terms dW is obviously
dQ - dU. Therefore, if in any process change
in temperature (dT) and P -V relation is
known, then the above method is the simplest
one. Note that even if we have V-T or T-P
relation, it can be converted into PV relation
by the equation PV =nRT.

$36. (a) The P-V diagram for the complete process

will be as shown :
Py

Py

[¢]

Process A — B s adiabatic compression, and

Process B — C is isochoric,
{b) (1) Total work done by the gas
Process A-B ¢

= ———-——PAV: — I;BVB {Wadiabaﬁc = P—'V;—_—?&]
_hAY -RV,
(5/3)-1
v = 5/3 for monoatomic gas
¥/

Was

¥
PIVI_PI(VI‘) v [y =PW 1

2

Y
2/3 ‘\.’. P2 = Pl (%) l
[ 1

olut 289
golations_
. . -
+ 7 and dQ=nCdT where C = R ,_E i Process B- ) t
v-1 1-x Wge =0 {V = constant)

(i) Total change in internal energy
Process A-B

Qu =0 (Process is adiabatic)
N 2/3
30l (U
A AUAB =—WAB =—§P1v1l(72) -"IJ
Process B-C
Wpc =0
AUgc = Qpc =Q (Given)

&~ AUggia = AU gg + AUc

2/3
Bpul[] -
- ZPM[(VJ J+ Q

(iit) Final temperature of the gas
AUTotal = nCvAT = 2 (-’Y—}E—i‘) (TC - TA)

3 t v 2/3
-] Al ~11+Q
' 2PlVl (Vz)
_ 2R (T _PAVA)
“E3-10° 2R
[ 2/3
3 v
2pvitdl -11+Q
Tzt IL(VZ) ]
_ E&)
_,3R(_Tc o
Q pv, (v,**°
=< 4Ll =T,
T 3R ' 2R '(Vz)

337. (a) ABCA s a clockwise cyclic process.

~. Work done by the gas
W = + Area of triangle ABC

- % (base) (height)
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1
22V — V) (3P — P . Heat absorbed in_the process AB
=3 @Y%~ Vol 3R~ Fo) 3P, "
W = Py, (c) Let AQg; be the heat absorbed in
Pa process BC :
Total heat absorbed,
AQ = AQCA + AQAB + AQBC
AQ = (— gp()VO) + (3POV0) + AQBC
: AQ=AQgc + 22 Foo
» V 2
Vo o 2V,
Charige in internal energy, AU =0
(b) Number of moles, n=1 and gas is AQ = AW
monoatomic, therefore, Povo
: S AQge + —— =PV
Cy = (S]R and Cp = (SR) 5 o
2 2
= AQgc = PoY
Cy_3 g Co_5 ="
2 R 2 Heat absorbed in the process BC iy
(i) Heat rejected in path CA : (process is PVo
isobaric) 2

(d) Maximum temperature of the gas will be
somewhere between B and C. Line BC is
a straight line. Therefore, P-V equation for

e AQCA = deT = Cp (T, el Tl)
_C (Pfo PM)
=Cp|LL- 1

§ oplutions
S

R R ﬁ N the process BC can be written as :
=%(PIVI_P1V1) P=-mv+C (y=mx+d
Substituting the values and € =5F
5
AQCA—E(POVO—ZPQVO)':‘ > pz_(%)\“ﬁpo
Therefore, heat rejected in the process CA is . °
5 PV Multiplying the equation by V,
2 %2 2P,) (2
(ii) Heat absorbed in path AB : (process is PV=- (70) Vo + SRV
isochoric) ' oV < RT
AQpp = CyAT = Cy(T; - Ti)W (PV = forn =22
_o [PV _ Py, RT=_(—‘79-)V2+5POV
VIR TR r 0 :
_C ~AAN T=Lispy- 2P y2 !
= ?V (PVy - PV) or R l 0 Vo (1)
_3 (PV, - PV) . For T to be maximum,
2 - > dT 0
3 —_—
=2 (3PyVy - PyVp) v
2 4p, 5V,
—_ AN ~12D 17 r v = 0 = V = A

jeatV= % (on line BC), temperature of

the gas is maximum. From equation (1), this
maximum temperature will be

1l (5% 2P (5% Y]
Towe = % | 5Po o[
1) v, 4
25 PV,

T =2270%
™ 8 R

. In the first part of the question {(£< ;)

Att=0;Ty =Ty =400Kand att = t;;

Ty =T, = 350K

Temperature of atmosphere,
T4 = 300 K (constant).

This cools down according §
to Newton's law of cooling.
Therefore, rate of cooling o<
temperature difference.

dT
9D k-,
(- &)=k -Ta
dT
= _k.dt
= T-T,
B4
= _[ =- jdt
TOT'TA 0
- ,(TI—TA)____ktl
To-Ty
350 300
kt, =—-In| ——m8M8—
= ! "(400—300)
- Kty =In (2) (1)

In the second part, body X cools by radiation
{according to Newton's law) as well as by
conduction {t> t;).

Therefore, Rate of cooling
= (cooling by radiation)

4 (enalina hu eonduction

or In (TZ—‘@) _2In(g)- KA

.°.(—%€-)=k(T—TA)+——(T—TA)

In conduction,
dQ_KAT-TA _( (_ 17_)
dt L dt
dT'yY KA
_a 2T
( dt ) rcT-Ta
where C = heat capacity of body X .

[)-(E)en

Let at t = 3, temperature of X becomes T,
Therefore, from equation {3) we have

T
dr -—(k+——) fdt
ﬁT_TA

T,-T,
2 Al=_1k+— {2t
or In(Tl—TA) ( +LC)( 1)

2KA
- ==t
(2kt1+ C 1)

350 - 300 LC

kt; = In (2) from equation (1)

- 2KAty
T, = {300 +125e €L )kelvin

. Number of gram moles of He,

_m _2x10° .,
M 4
HV,=10m® P, =5x10* N/m?

PaV, _ (10)(5x 10°)
nR ~ (500)(831)

or T, =120.34K

Similarly, V5 =10m?, P = 10x 10* N/m?

Ta=

_(10(0x 104
B~ "(500)(831)
Ty = 240.68K

Ve=20m® P, =10x10* N/m?

(20) (10 x 10%) K

Te == zomi|3an

~.(3)
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T.=481.36 K
and  Vp,=20m3 P,=5x10% N/m?
_(20)(5x10%)
P~ (500) (831)
T, = 240.68 K

(ii) No, it is not possible to tell afterwards
which sample went through the process
ABC or ADC.But during the process if we
note down the work done in both the
processes, then the process which require
more work goes through process ABC.

(iii) In the process ABC

AU =nCyAT =n @ R) (Te - Ta)

= (500) (3/2) (8.31) (481.36 - 120.34) J
AU =225x10%J
and AW = Area under -
BC=(20-10)(10)x 10* J=10%J
o AQupe = AU + AW = (225 x 105 + 10%)J
AQupc = 3.25x 10% J

In the process ADC
AU will be same (because it depends on initial
and final temperatures only).

AW = Area under AD
=(20-10)(5x10*)d =05x10°J
AQupc = AU + AW
=(225x 10° + 05 x 10%) J
AQppc = 2.75x 10° J

340. The corresponding P-V diagram is as shown :

Pa

Po}---

> V

Vo 2V, 16V,
Given: T, =300K,
n=1v=14, V.V, =16

and VelVg =2
Let Ve =V
and Pg=F,
Then Ve =2V,
and Va=16V,

Temperature at B
Process A-B is adiabatic. Hence -

TV~ =TgVp" ™
AYA BVB

= (300) (16)* 1

Tg =909 K
Temperature at D
B —» C is an isobaric process (P = constant)

TV
Ve =2Vp
T = 2T, = (2) (909 K

Tc =1818K

Now the process C-D is adiabatic.

ve)'
Therefore, Tp =T (—VLJ

D
2 04-1
=(1818)| —
( )(16)
Tp=791.4 K

Efficiency of cycle :
Efficiency of cycle {in percentage) is defined
as '

_ net work done in the cycle

n= heat absorbed in the cycle

x 100

or n= Wront » 100
+ve
— Q+ve - Q—ve x 100

+ve

=(1_ %) « 100 A1)

2

where @ = Negative heat in the cycle (heat
released)
and Q, = Positive heat in the cycle (heat

1 soutions
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In the cycle
QAB = QCD =0
Qpa=n CyAT =(1) (g R) T -Tp)

{Adiabatic process)

{Cy = g R for a diatomic gas)

- g x 831 (300 7914) J

=-102088J
and Qe =nCpAT

= (1) (%R)(Tc - Ty)
(Cp = % R for a diatomic gas)
- (%) (831)(1818 - 909) J
or Qpc = 264383 J

Therefore, substituting Q; = 102088 J
and Q, = 264383 J in equation (1), we get

=( _ 10208.8) 100
264383
or n=614%

Density of a liquid varies with temperature as
—[ Poc
Prec (1 Ty t)

Here v is the coefficient of volume expansion
of temperature.

In the figure

hy =528 cm,
hy=51cm and h=49%cm
Now pressure at B = pressure at C.

Therefore, P + hy pgseg — h p5-g
=Py +hpPs:g — hpgseg

342.

= 995°(h1 + h) = p5°(h2 .+ h)

Pose _hg +h
= pse. hy+h
Po-
1+ 95y) =h2+h
p0° h1‘ + h
1+57)

1+5 _ 51+49 _ 100
1+95y 528+49 1018

Solving this equation, we get
y=2x10" per°C

~. Coefficient of
temperature,

a=%=6.7 x 1075 per °C

linear expansion of

Given T; =27°C=300K, V=V, \, =2V
(i) Final temperature
In adiabatic process

TVY -1 = constant
W =T .
-1 i
AY \
T,=T, L
or 2 I(Vz)

5/3-1

v

=300| —
(ZV)

(Y= —g- for a monoatomic gas)
T, = 189 K

(ii) Change in internal energy :
AU = nCvAT

- (3R] w7y

n = 2 (Given)

Cy= % R for a monoatomic gas’

=2 (—;—) (8.31)(189- 300)J

AU =- 2767 J

(iii) Work done
Process is adiabatic, therefore,-AQ =0
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343.

Note:

and from first law of thermodynamics,
AQ =AW + AU
AW = - AU =-(-2767 J)
or AW =2767J
(a) Number of moles of gas A are n, =1
(Given)
Let the number of moles of gas Bbeng =n

The internal energy of the mixture = internal
energy of gas A + internal energy of gas B.

and sinceU = ﬂl’ therefore,

T (1)

Ya—1 Yg -1

Since the mixture obeys the law
PV13 = constant (in adiabatic process)
Therefore, .
Yenixture = 19/13 (PVY = constant)

Substituting the values in equation (1), we
have :

i+n) __ 1 . _n
(19/13)-1 (5/3)-1 (7/5)-1

Solving this, wegetn=2

FOr ¥ e We can directly use the formula ;
n m Ng ..

. _ .
C Ymxwe =1 T1~-1 T2-1

{b) Molecular weight of the mixture will be
given by
- n AM A + nBM B

M
_0@+262 _,,
1+2 '
Speed of sound in a gas is given by
v= [T
‘M

Therefore, in the mixture of the gas

_ (9713831 00
’ \/ 267x109)

M =2267 x10"3kg.
(c) vecT

or v=KTV? ()
I T
ar 2
dT
= dv=K|—
’ (2ﬁ)
- dv_K [.dT_
v v \24JT
K 1
;—-ﬁ (from2)
- _‘1=L[£)=l(ﬂ)
v JT\2JT) 2\T
- @ 1oo=l(£)xwo
v 2\ T
1(1
_E(ﬁ)xmo_o.lm

Therefore, percentage change in speed
is 0.167%.

(d) Compressibility = 1

Bulk modulus
Adiabatic bulk modulus is given by

= f (say)

v e

dvyv
~. Adiabatic compressibility will be given by
5L
W
and B = 1 __1 [PVY = constant]
P PE)

because PVY = P’ (V/5)" = P’ = P(5)

. ap=p -B'=%[1_(§)’]

295

and Q%ve = Ql + Q4

v Loyl _nRT
T Yna+ng RT[ "(E)J ( 'T) = (5960 + 3645) J = 9605 J

8565
19/13 ={1- x 100
_ v [ (l) ] ( 9605)
Gg)u e L n=1082%
19 345. Given temperature of the mixture,
(Y=Ymixmre=ﬁ) T=27°C=300K
Let m be the mass of the neon gas in the
AP =8.27 x 10°v mixture. Then mass of argon would be
$44. (i) In a cyclic process AU =0 (28 -m)
Therefore, AQ=AW Number of gram moles of neon, n; = %
+
or &+ C_JZ[; ?BW $4W W Number of gram moles of Argon,
=W+ Wo+ W3t Wy
(28 —m)
Hence W, =(Q; + Qp + Q3 + Qq) ng = a0
- (W + W, + Wy)

From Dalton’s law of partial pressures,
Total pressure of the mixture (P} = Pressure
due to Neon {P,)+ Pressure due to Argon (P,)

={(5960 — 5585 - 2980 + 3645)
- {2200 - 825 - 1100)}

or W, =7654d or Substituting the values
(i) Efficiency, 10x 10° = ( m . 20 - m) (8314) (300)
n= Total work done in the cycle % 100 20 40 0.02
Heat absorbed (positive heat) by Solving this equation, we get
the gas during the cycle m=4074 g and 28— m=23926g
W+ W+ Wy + W, % 100 Therefore, in the mixture, 4.074 g Neon
- Q+Q is present and the rest i.e. 23.926 g
) argon is present.
_ ] 2200 - 825-1100+765( 4, 346. Given T, = 1000K,
5960 + 3645 1
P, =(2/3)PA9 PC=_PA
= 1040 . 100 X 3
9605 PA
n=1082%
Note : From energy conservation :
‘ Woet = Quve = O-ve (in a cycle)
= Dot 100 = Qe = Qi , 100
' +ve e ~
= [1 - 9:1) x 100 v
<tve ' Number of moles,n =1
In the above question = % = 2 (monoatomic)
L o]
Que =1Q2l +1Q4l ’

= (5585 + 2980) J = 8565 J (i) A— Bis an adiabatic process, therefore,



Pa T TAl =Pl Ty

p Y L
. _ Fa v - o 5/3
~Tg -TA(PBJ = (1000) (2)
_ 3 —2/5_ 2 2/5
-t (3] =oom(3
Tg = (1000) (0.85)

= Ty =850K [ Given (5)2/3 = 0.85}

Now work done in the process A-B will be
R .
Was =1_,Y(TB =Ty
_ 831
1-5/3
or Wyp=1869.754J
(i) B-C is an
{V = constant)
Tp _Py

Te P
(P, 1/3)P
Tr=|=E|Ts = 22174 |1850K
¢ [PB) ? ((2/3)&]
To=425K
Therefore,

Qac =nCyAT = (1) (—Zﬁ R] T -T)

(850 — 1000)

isochoric  process

- (g) (831)(425 - 850)

Qpc = -5297.6d

Therefore, heat lost in the process BC is
5297.6 J.
(iii) C-D and A-B are adiabatic processes.

Therefore,
PC1 - 'YTC'Y - PDI - YTDY
1
= ’—’9=(ZRJ 1-7 (1)
P, \T¢

PAI -YTA‘Y = PBI - YTBY

= Q=(_7:5_)1"-'v" 2

347.

Problems in Phy;icsw.

Y

Pg \T,4
Multiplying (1) and (2), we get

-
PcPa _ (TDTB Jl -

- ) -
PpPg \TcT, 9
Processes B-C and D-A are isochori
(V = constant)
Therefore,
Pe_Pe aog Pa_Ta
Pg Tp P Tp
Multiplying these two equations; we get
P CP A _ TCTA (4
PoPs  ToTp -

From (3) and (4), we have
[TDTB )ﬁ _TcT,
TcTa)  TsTp
1-y
TeTa) v _(TcTa
(TDTB ) B (TBTD]
TeTa _y
TpTg
_ TcT, _ (425)(1000) K
Tg 850
or I, =500 K
Given number of moles,n =2

]
=

or Tp

2atm

1atm

300K 400K
Process AB and CD are isobaric.
Hence " Qas=-Qp
(AT)sg =+ 100K
(AT)ep =~ 100K

because
whereas

" Solutions
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348.

&nd Q;obarlc = nCpAT

or QAB + QCD =0

Process BC is isothermal (AU = 0)
Py

QBC=WBC =nRT3 In (—)
Pc

= (2) (831) (400) In G)

or Qp-=4608J
Similarly, process DA is also isothermal hence

QDA = WDA = nRTD In (—‘Pig‘)
PA

or Qp,=-3456d
(a) Net heat in the process
Q=Qup +Qpc +Qcp + Upa
= {4608 - 3456) J
Q=11524
(b) From first law of thermodynamics,
AU =0 (in complete cycle)
AQ =AW
Hence net work done in the cycle,
W=Q=11524J
W =1152J
{c) Since T;=Ty, therefore, net change in
internal energy,
AU =0

Let at any time temperature of the disc be 6.
At this moment rate of heat flow

6= 400 K = constant
dQ
&
Y
1 =0.4lm v

7////////#%//////% m=0.4kg

dQ KA(A8) KA
= —=—1(9,-8 ..(1
e n I 6o - 6) (1)
This heat is utilised in increasing the
temperature of the disc. Hence
aQ _ s 90
dt dt

Equating {1) and (2), we have

...{2)

dd KA ¢
or j =
a0k B0—0 msl g
KA
—In@®,-0)] XKy
or  [-In@ -0y, =

t= r_n_s_l In 90 - 300
KA 6, — 350
Substituting the values, we have

;. (04)(600)(04) (400 - 300)
(10)(004) | 400- 350

t=16632s




349. Aand Bwill see each other first at the moment
when the extreme ray of light from A strikes B
after being reflected from the mirror and
conversely, when a ray of light from B strikes

+—1m——> 3—1m—>

c!

BY

't
A (See figure). Since, the angle of incidence
equals the angle of reflection, it is evident that
rays BO and AO must strike the mirror at the
same angle. :
Therefore with the measurements of the

mirror given and the given position of A, we
must have

BC=CO_=%m,

i.e., A and B will catch sight of each other
when B is at a distance of 1/2 m from the
mirror.

350. £ZPQR=180-2(i~r)

ZPCR (external) = 180 + 2r

IRLYALE - 12\R

T e T
180+ 2r

From the property of a circle,
ZPCR=2(£PQR)
This gives,
2i—r=90° ...(1)
sint
Also i= P
J3=3ni )
sinr

Solving equations (1) and (2) we get,
Li=60°
351. Incident ray suffers two reflections and two
refractions. In reflection, deviation is
(180 — 2r) and in refraction deviation is (i — r).
Hence, total deviation,

6=2(180-2r)+2(~r)
=360+2i - 6r
Substituting, :

r=sin"! (ﬂ)
1)
§=360+2i - 6sin (ﬂli) (1)
m

For 8 to be minimum,
dd
D0
di

Solutiohs
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353.

Differentiating (1) with respect toi and putting
%? = 0 we get the required condition.

Cly=CQ-1,Q=(4-3cot 74°)=3.14 cm

/
d=3cm

Similarly by making another figure (with
d = 0.5 cm) we can show that,.

Cl, =251 cm
Ll =(3.14 -251)cm
= 0.63 cm

2
Point of intersection of two curves, y = % and

y=x+3is,(-21)

~ tan B = slope of incidentray RP = 1 or = 45°

and

tano = =1

(&)....

therefore o = 45°. N
From geometry we can show that

Li=£Lr=0°

354.

i.e., the ray is incident normally. Hence, the
reflected ray will make an angle 45° with
x-axis as shown. Hence, the desired unit
vector will be,
A=l
J2
Let object is at a depth h below the water
surface. Then in the first case, for the lens,

-

object will appear at a depth pi below the
1

water surface. So applying 1 l = % we get,
v ou

1
X

B 1
+ h T ...(1)

In the second case, lens is immersed in water.
So, its focal length will change.

)
1\

fo b2-1f
(f,, = focal length in water)
For the lens, object will appear at the same

distance (i.e., h).\So applying 1 1 = -1—
v u f
()
1,11 A\ J (2
v h fy, @2-1f

Now refraction will take place at plane surface
(R = =). So applying,

weget  —-Piog .3)
X

Solving equations (1), (2) and (3) we get the
-desired resuit.
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Problems in Physics.

355.

356.

The velocity of object can be divided into two
components.

u, =2.5cm/s
and u, = 2.5V3 em/s
For image distance, we have,

1.1 1
T =100
v=100cm

Smce object is between focus and pole image
will be virtual and erect. After time dt position
of object and image will be as shown in figure.

r
o 5
/ 2.5{3 (dt)
0 o ]

—» ——pi
2.5(dt) 0@y

Differentiating 1 + 1.1
v u f

“(5)(5)

.. Component of v; along x-direction,
2
Uy =_(U—ZJ'UX =-10cm/s

We can assume m = 2 to be constant in the
given time interval.
Hence,

IIIII =m (Ol OII)
=(2)(2.5v3) dt = 5v3dt
-~ y-component of velocity of image,
II II rd
vy = et 53 em/s
.. Velocity of image is,
= (- 107 + 5V3]) cm/s

w.r. to time we get,

Let us take x=u-f and y=v-f
substituting in the mirror formula,
1,11
v u f
1 1 1
o ——4+——==
y+f x+f f

On simplifying we get,
xy = f2

This is the equation of a rectanguiar
hyperbola whose asymptotes are the
co-ordinate axes, x = 0and y = 0.
Thus in the initial system, we have j
rectangular hyperbola whose asymptotes are
u=fandv=f.
The graph of v versus u is shown in figure.

VA

1 1 1
_+_=_
v u f
or 11 __ 1
v 110 100
or v=-1100cm
100 cm
I
(a)
100 ™, §’

100 cm

S (b)

Thus first image /, is formed at 100 cm behind
the plane mirror. This acts as virtual object for

Solutions

358.

359.

the plane mirror. If plane mirror would had
been in vertical position as shown in figure (a),
the image of I; had been formed at I, 100 cm
in front of plane mirror. But since the plane
mirror has been rotated 45° in clockwise
direction. Hence all the reflected rays will
rotate 90° in the same sense i.e., clockwise
and the image will be formed 100 cm
vertically below A.
1 20

Shift due to the slab = [1 - ——] t=—cm
u 3

(in the direction of ray of light)
.. For the mirror

20y 70
20+10-22)-_70
( 3) 3"

Using the mirror formula,

1 1 1

~ 4 =~ ==we have,
v u
1_3__1

v 70 9

Now the slab will further produce a shift of
20/3 cm or 6.7 cm in the direction of ray of
light. Hence, the final image will be formed at
a distance of (14.6 + 6.7) = 21.3 ¢cm from the
mirror (towards right).

Total deviation of the ray is 108° as shown in
figure. Hence

-

PR

. .
/i’}> 108

8,8 + 8,4 + 00 =108° ..(1)
n+08.,=A=60°
and r,+6,=C=60°
this implies that n =r, .-(2)
ie. =i .3

360.

301
Now S =i -1
840 =180° - 26,
and 83C = i2 =Ty -

Hence 108° = 180° + (i, +ip) - (r, +1,) — 20
or 108°=180°+2i;-2( +6,)
iy =iy andr; =1y)
=180° + 2; — 2(60°)
i =24° ...(4)
sini; _ _ sin24°
sin;  sin (60°-6,)

Now p=

= W sin (60° - 6,) = sin 24° ( = _1 )
sin

sin (60° -86,)

Hence ey =sin 24°
c
or sin (60° - 6,) - sin 24°
sin 6, sin 60°  sin 60°
sin 60° cos 8, — cos 60° sin 8. _ sin 24°
sin 8, sin 60° sin 60°
or cot 8, — cot 60° = g%:gg— = 0469
or cot 6, =1.047
p=— 5 =y1+cot?6, = 1.45
sin 9,

Applying Snell’s law at point P

_ sini
sinn
or sinr ﬂrll_sm60°_~/_/2
1T 15 15

or r, =353°
But n +r,=60°
or r, = 60° - 35.3° = 24.7°
But rp +r3=30°

Ann NATIO _ £ D0
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! 361.

Problems in Physics

Now applying Snell’s law at R, we get
_sin¢
sinr,
or sind=p sin r3 = (1.5) sin {5.3)°
or ¢ =7.96°
Letp be the refractive index of the prism.

Y

30k - - Nt

_

i i2
The deviation (5) versus angle of incidence (i)
graph varies as follows :
At two values of i; and iz, deviation is 30°.
d=(; +1,)- A
Hence (i +1,) =§ + A = 30° + 60°

or iy +ip) = 90° (1)

Also (i - i5) = 30° -(2)

Solving these equations, we get

i =60° and i, =30°
n+r=A=60°

or n=60°-r,

or sinn = sin (60° - r,)

siniy ~ |
or o sin 60° cosr, - cos 60° sin r2

sin 60° J_
or h- —sin? 2‘ 1 smlz

{iy = 60° ,12=30°)
’1'- (sin iz)z 1
K 4
Vaproio L

4
3=V3(JauZ_1)-1
f(wﬁ‘:u\——uzf
or -\m—‘)E'T'I

Now

or

]

or

]

@ £l& oG

or

S @ e ¥s

= 4u?-1=6643
or p =1382

362. Assuming the optical centre of the lens to be
origin and X and Y-axis as shown in figure :

Co-ordinates of points A,B and C (in

centimetres) are :
A=[(- 45~ 8cos45°),
(15~ 8sin 45°)] = (- 50.66, 9.34)
C =(-45,15),

and B=[(- 45+ 8cos45°),
(15 + 8sin 45°)] = (- 39_34 20.66)

" Now the x-coordinate of image is calculated
from the formula :

1.1.1
v u f
Here v = x; = x-coordinate of image
andu = x, = x-coordinate of object
and y-coordinate of image is calculated by
m=2 or m=Xi=Y
u X, Yo
X; '
or vi=-t.y,
xO
Hence we can write
1. 1.1
Xij Xo f
or x, = LXe (1)
f+x,
and y=LYe_ (2
f+x, :

substituting the coordinates of A, Band C, we
can find corresponding coordinates of their
images.

Solutions 303
ForA or l 1
= (20) (- 50.66) _ 330 em v, -—(40+20) 20
20 - 5066 or vy =-30cm-
g = (200(934) _ 61cm Now again refraction will take place at
' (20)- 5066 water-glass interface. So, applying ﬁﬁ
ForC Ho M1 _Ho—iy 3
_(20)(-45) _ vou R
xi—-(—z—(m—+36cm o _31?._,4L3_
B (20) (15) 12 U3 +10
' (20) - (45) or . v3=1125cm
For B and finally refraction would take place at
(20) (- 39.34) glass-air interface. So, applying
X;= L =407 cm il 1l TP
(20) - (39.34) He Wy _ 2RP~1
(20) (2066) v
and Y= 1 3/2 _
(22)1_3(639.34) Y T Tes-1zy
=-eiobam or vy ==-22.5 cm

363.

Hence the coordinates of images of A, C
and B in centimetres are

A(330,-6.1), C36,-12) and
B(40.7, - 21.36).
(b) Length of image AB is
L =4(330- 407) + (- 61 + 21.36)°
or L=171cm
Focal length' f ' of the mirror is R_ 40 cm or

2 2
20 cm.
First refraction would take place from the
bottom of the glass slab (glass water
boundary) and since the ray of light is
travelling from a denser medium to a rarer
medium, we can use '

Mg M _Ho-—Hy

v u R .

4/3 3/2 4/3-3/2

Bl LA )
U1 - 45 oo

[R =  for a plane surface]
or v;=-40cm

Now reflection will take place from mirror. So,
we can use

1.1
Tto

N

. 364.

So, final image will be formed at 22.5 cm
below the upper face of the glass slab

or at the middle of the glass slab.
We will have to first calculate the shift

produced by the three slabs. Let the shifts be
Axl, AX2 and AX3 Then

Ax, =( - —ﬂ)(45) cm
23 )

(1 - ﬂ) (45)=5cm <~

8cm~

Ax [u_w_
K v

2

)(24) =

and Axj =( - —)(54)
K3

Here Ax; and Ax; are towards the mirror
while Ax, is away from the mirror. Hence net
shift is

= (5 + 6 — 8) cm or 3 cm towards the mimor.
So, apparent distance of object from the mirror is /

=(20+45+ 24 + 54+ 10) - 3or 150 cm.

Radius of curvature of mirror is also 150 cm.
i.e. rays will fall normal on the mirror and they
will be retraced back to their original path.

[ <JP NUIGRORRSIPIN | | DR FRUPE 3 PRI ¥1 RVl IS IS Sy
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365. The first image formed by the first lens will be
atadistance f from it as shown in figure (a) :

Ly \\\M
L
4 900\\
/
h
K——T——Pﬂ——f—-ﬂ

This image will act as an object for the second
lens Here.

PM=fc0560°=%

and MI, = f sin 60°=%
1 1 1
For L. =L
2 -(PM) f
or 1,21
v f f
or : =

Height from the optic axis of I,, will be

h= (u)( )—( f/z)(‘/_f) V3f

The final im\age is shown in figure (b) :

PI, =-f sec 60° = 2f
i.e. final image is formed at the optical centre
of the first lens L; or the desired
coordinates are (0, 0).

366. Let x be the distance between lens and screen
at some moment and y the distance between
object and lens. Since image is real.
Therefore, x is positive and y is negative. So,

{1 1 1

lying lens formula (— - = _] .
applying == |weget:

Problems in Physicg

Screen

i_1._1

x -y f

1 1 1
or —_—t —=— ..
x'y f (1)

Now lens is moving away from the screen,
Therefore, y is increasing i.e. x should
decrease to keep the right hand side to be
constant. Differentiating (1) with respect to
time, we get

1 (dx) 1 d
__2.(_)-_._!=o (2)
dy.
Here i rate with which y is increasing = v
and (-— %Jt—c) = rate with which x is decreasing

' dx
or (“ E)“’x +0o (3)

Here v, =
screen.

speed of object towards lens or

-5 @

from equation (2)

dx 1
or (_E)=n_2'vo ...(4)
1
v + Vg = 'n—2 g
from equations (3) and (4)
1
or vy = (n—z - 1) Yo

1-n?
or vy = 3 v
n

Therefore, speed of object towards the
1-n?

screen is 3

Yo
n

¥ can be decreased by mo§nng the object away

from the screen with speed v;< vo. But in the
aiven condition, thlS is not possible, because in

which comes out to be negativé asn<l

. Let x be the distance between object and

mirror at time t. Then :
x=d+(; —vy)t ...(1)
- Uy
— Uy

i

la X »l
1

Let y be the distance between image (screen)
and mirror at this moment. Object is always
beyond focus i.e. image is always real. Hence
x and y are both negative. Applying mirror

formula(l+l=l we get
v u f
L1z (L.
~-x Yy R f R
1.1 2
—4-=L ...(2
or <tVTR (2)

x is increasing therefore, y should decrease to
keep the right hand side of equation (2} to be
constant. Differentiating equation (2) with
respect to time we get :

- (%) 7(3)-
xZ \dt dt
dx . . .
Here & = rate at which x is increasing

=0 — U

and (— Ex_) = rate at which y is decreasing

3 = speed of screen> v;)

Note:
368.

or Uy = + 2—2— L dx
37X dt
Here ¥ = from equation (2)

x 2x-R

. speed of screen

2
R
Vg = g +(2x —RJ (Ul —'02)

where x =d + (v; —vy)t

v3 is in the direction of vy and v,

Given that 1 > 1’ . Hence the ray diagram of
the ray will be as shown in ﬁgure

Applying Snell’'slaw at P (u sin i = constant or
wi = constant for smail angles)

M sini; =u sina

or i =po
or i =t (1)
n
Applying Snell’s law at Q
iy — a)u’ = pip
or ip =iy ~ o) W ...{2)
1
and finally Snell’s law at E gives
(i3) (1) =Gz}
or iz = iy ...(3)
Now total deviation is
3=08p — 8¢ +9g
={; — o) - {(i; — o) = i) + (i3 —ip)

=i (it is shown in figure also)
= iy, (from equation 3) '

' p’
=l - o) =~
P
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Problems in Ph
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369.

or u';-a) (fromequation 2)

(<)

o B=l-p)a
The ray diagram of the beam of light is as
shown in figure

Ty = 75° - n
Giventhat PQ L RS
Hence  /DRS=90°-q

or the angle of emergent ray with the normal
at face AD will be . Hence the ray MR will
make an angle of , with normal.

Total devxatlon is90°i.e.

°=8q + 3y +0z
or 90° =(-n)

+(180° - 2(75° - )] - (@ - 1)
or n = 30°
or rp =75° - 30° = 45°

Now it is given that the ray is reflected
completely at face BC. Hence

26, or sinr,2sin@,
or sin45°2l = lzl
B V2 u
n>+2
Further Snell’s law at Q gives
_sina or sino =LU si
snn sino=p sinn
Since n>42
Hence sina> 2 sinn

370.

or sin o> \/E sin 30°
or sin o2 T
or o= 45°

{a) Deviation at P =i —r
deviationatQ=n -~ 2r
and deviation‘at R =i ~r

.. Total deviation is

0=2({-n+n-2r)=n+2-4r
For minimum deviation
®_0 o 2- 4ﬂ_o
di
da 1
or —=
di 2
Also pusinr=sini
or jcosr.dr=cosi.di
dr _ cosi
or
di )L cosr
l: cosi
2 pcosr
or n2 cos?r =4cos?i
= p.z(l—sinzr)=4coszi

2
or i) (l_sm l) 4 cos?i
n

or n2—sini=4cos?i

or p?-(1-cos?i)=4cos?i

7 2.
—-1|=3
or (4 ) cos” i

3 2.
°-3
= a COos™ 1

{1)

..(2)

Hence deviation is
§=n+2i—-4r=180°+2x 60° -
or 5 =136°

4 x 41°

. The ray becomes parallel after refraction from

the lens (because the object is placed at first
focus of the lens). It strikes the mirror at

Q(xly yl)

(1)
o0=90°-0 ...(2)
and BP=20=180°- 20 ...(3)
The reflected ray passes through F(x, 0)
where 'lanB:L
X - X3
tan 20 = tan (180°- 20) = tan §
or tan B = - tan 2o
- 2tan o
or tanf=—— ...(4)
P 1-tana
Substituting the values
1
_ol =2
Vi _ (1691)
= 2
X-X
I
16y,
Yot o X X
16y, 8y 8y
2 1 X | Xy
[e) —_—— a2
e 8T8

372.

373.

1 ytions 307
so'// , 1 2 _ X
or cosi=§ = 1=60° But v ____81
sini J3/2 [3 Hence X _ 1
(b)snr___f_/z_ 7 o 8 (167
or r=41° 8

or X =——2—=0.03125m =3.125cm
: (16)

Note that x is independent of (x;, y;). Hence,
all rays are focussed at F

or x =3.125 cm.
The ray diagram is shown in the figure :

Total deviation,
8 = SP + GQ + 5R
or 180°=(i-r)+(180-2r}+{i~T1)

(1)

or r=

NI-..

Now in triangle PMC
PC =radius=2m

PR

d PM=—-=1
an > m

21
2
and

Hence sini = PC
r=15°

or i=30°
sini

Refractlve index p =
sinr

i =1932

Let focal length of objective and eye piece are
f, and f, respectively
For objective,
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eye piece

objective

374.

4cm Vo
25cm
1. 1.1
v u f
1.1 1
—+ == ...{1)
v, 4 f,
For eye piece,
111
v u f
1 1 1
—_— =
=25 (21-v,) f, +(2)
Magnification is given 14
ie. =Y 2
uO ue
25
or 14=Le
4 (21-v,) @)

solving equations (1), (2) and (3), we get
fo=3136cm and f, =875 cm’
Figure displays the given problem.

We have
r+r,=90° ...(1)
r3+ry =90° ...{2)
and rs +r1g = 90° ...(3)

Since the emergent ray is parallel to incident
ray. We have .

rp=90°-i ...(4)
Writing the Snell’s equations of refraction
sini=y, sinp
My sinry =, sinrg

Losinr, =pysinrg '
and lgsinrg=sinp
Using equations (1) to (4) in the aboyg
equations. we get

sini=y,sinn -,

£

My cosry =, sinrg.” {6
o cOST3 =3 sinrg ey
U3 cosrg = cosi » {8

(equation 5)% + (equation 7)%°

~ (equation 6)% — (equation &
gives
sin?i + ug cos? r3 — u-lz cos? n- u% cos? I
=uZsin?r +pZsin®rg ~ pZ sinry - cos?i
or pi+l=pf+pl

or  pi+pi-pi=1

375. The critical angle for water-oil boundary is

6, = sin'l(h =sin} (E)
[T 133

or 6, = 64.45° L)

(b)

a2

376.

309

The critical angle for oil-air boundary is

1 1
0, =si U= |=si -1 (—)
, = sin (Ho) sin™ | 75

or 8, =5644° ..(2)

For the light ray to emerge from the oil-air
surface at critical angle 6,, the incident angle 6
at the water-oil boundary should be given by

1.33s5in9=125sin 0, (Snell’s law)
or 133sin8=12sin(5644°)
or _ 0 =4883°
The solid angle subtended by vertex of a cone
of angle a. is given by
o r
o= jo (2nr 51:29)( do)

=‘[:2n sinB8-dé=2r (1 - cosq)

- percentage of light escaping from the lake
surface

=—2—E(1-— cos 48.83°) x 100
4r
- =17%
{b) Percentage of light escaping from water
surface

- %’5 (1 - cos 64.45°) x 100 = 285%
T

percentage of light totally reflected at
water-oil surface

=(100-285% or 71.5%.

8, =(n; - 1)6 = 0.044 radian

Due to refraction with lower part of the prism
8, =(ny - 1)6 = 0.03 radian
Vo= 45582 =13cm

For the lens:
1. 1.1
v u f
1 1 1
= —_—= 4 —
v f u
R S
T30 -90 90
v=—@=—22.5cm
4
1
m=—=—
o)
L=02
u .
11=2(12§)=+0.5
-90

-22.5)
I,=13]—[|=+0.325
2 (—90J ¥

~. Co-ordinates of two images of the point
source are (67.5 cm, 0.5 cm) and (67.5 cm,
0.325 cm).

377. (a) As the prism is thin and we are only
considering paraxial rays, the presence of
prism will only cause lateral shifting of the
image. Thus the x co-ordinate of image is
not affected by prism.

le—15 cm—»|
|€—10 cm—>]

For the mirror
1 1 2

u v R
1 1
=+ —
30 -(30-10)

2
R
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= R=-24cm ~ x co-ordinates of image i
(b) The image of the object as ‘seen’ by the 2d+d 3,4_ 34 3d
mirror will be laterally shifted by a distance dtd+gd=3d+=
= 18 18
Vo =08 (15cm) =—d=—x10=36en
-t - asem 5 O
1 180 Magnification due to Ist lens,
]
—w_nE b Z_d) =-1
“h-lgem B (%
(e Prism_angle =10=_"_ radian) Magnification due to Ifnd lens,
- 180 m_U_z__(3/5)d_§
Mirror will form the image of O” at!” where z- u, d 5
_IYK’_ =Y = 2 ‘y’ co-ordinate of Ist image = 2A
00" |u| 3 y co-ordinate of final image
2 .3 3 6A 6
N'==-@-1)— =Zx2A=—=—x0.00
= EARET: 5 2= =5x 000
NI’___(u_l)l =0006€m
18 Co-ordinates of final image are
But since the ray again passes through the (36 cm, 0.006 cm),
prism it again suffers a deviation 8. 879. For a prism, angle of deviation
- Final m':age is formed at ] where d=L+,-A )
I’ =8 (15cm - 10 cmj and n+rp=A |
=(u—1)(—-7—t—)(5cm) Hence, §=30°, I, =60°, A=60°
180
=u-1)=
boDggem
y co-ordinate of the final image /
—NI=—(NI’+1I")
= — -1 1 =- _1t_ i
W -1) 12 cm 24 cm  (Given)
=>p=15 Putting these values in (1) and (2), we get
378. Image formed due to Ist lens. I;=30° and r +r,=60°
11 _1 Also from Snell’s law
) Uy (—Zd) d - sin Il - sin 12
= v, =2d sinr;  sinr
For the second lens, sin 60° _ _ sin 30°
u,=d sin  sin (60° ~-n)
l_l_l_l Solving we get, '
ve, d f, 3d sinn, = 0.626
vp=3d and _sn60°" ;38
5 sinn

Prablems in Phyy,, ¥ solutions
pPio——

380.

311

Now, if the ray is incident normally on this
prism angle of incidence at the second surface
= 60° (as shown)

But,

sin 60° > l
i

. Total internal reflection will take place.

At the third surface this ray is again incident
nommally (as shown). Hence, the ray suffer
deviation only at the second surface, which is
equal to 180° — 2 x 60° = 60°.

Consider the light beam as consisting of -

parallel light rays. They cross the vertical plane
face of the quarter-cylinder without changing
their direction, and strike the curved surface of
the cylinder at various angles of incidence.
The normals at the points of incidence of .the
rays are radii of the cylinder.

The higher the position of a light ray entering
the quarter-cylinder, the larger is its angle of
incidence at the cylinder’s curved surface. The
angle of incidence for the ray shown in the
figure is the critical angle for total intemal
reflection. Therefore only light rays closer to
the table than this one can leave the
quarter-cylinder  (refracted to different
extents). The limiting case is determined using
the figure:

381.

and

= COS Op

which vield x = 1.71 cm. This is the closest to
the quarter-cylinder that light can reach the
table.

According to Snell's law, n sin o0 is constant

along the light ray’s trajectory.
AY

\ 4
\ 4
b3

Place the origin of the co-ordinate system at
the point where the light ray enters the
medium. In this case, the angle of incidence
for the first ‘plate’ starting at y = 0 is 90° and
the refractive index is ny, which gives the
above constant as n(y) sin & =n.
The light travels along a circular arc of radius
R and we first examine its relationship to
co-ordinate y. From figure it is clear that
R-v.

i
This gives the space-dependence of the
refractive index as

ng =n sin o = n(y)

n(y) = ngy

R-vy
The material with the greatest known
refractive index is diamond, but even the
refractive index of this material does not reach
the value n,, = 2.5. It is this limit that sets the
maximum angular size of the arc the light ray
can cover. If the refractive index changes from
ng = 1to n,,, = 2.5 then the maximum value

ofyis T R, corresponding to an arc of angular

size 66.4°.



312

382.

383.

For small 6, we can write

Asstﬁ—
152M = 7 ]

Yy
Therefore,
Axy =8P - 5P =s,M
or Ax, =d cos(n/4 - 6) (d = s;5,)
d
Axy= ﬁ (sin 6 + cos 6)
For small 6, sin 8 =8 and cos 6 = 1
d
Hence Ax;=—(1+89
Let S8 — §Sy = AXz
Then, net path difference at P is
Ax = Ax1 -
d
Ax =—=(1+6)- Ax
7 1+6) 2 .+(3)
For maximum intensity
Ax =n) ...(4)

Substituting 6 = 5 and putting the proper

values in equation (3) and (4), we get fringe
width® =y,,; =y, =(22) x% or
©=(2)(5x107)(10* m = 0.7 mm

The parallel rays converge at two points s; and
sz from the two parts L; and L, ’
Distance between s, and s is

d=fy-fi = Rz - Riz
H2-1 py-1
bi-py) p

2(1»'»1 -Nu,-1)

......... ——tan

384.

Problems in Ph

h1—Ho=AN and Hi=Ho=L

__ (ap)
Hence d= W,R A1)

Now path difference between s,P and SyPis
Ax=s;M=dcos@
for first maxima
Ax=A or dcos8=2)

or cos()=l
.20} A 0
or 1-2sin?|2]=2 b 8
sin (2) d s|n2__§
2
Hence 1_2(9 =&
2 d
2
or 18 _2 6=
2 d D
v A
SO 1-===
2D? d
d-A
or = |[|Z==212p2
g ( d)

or v

I

"

N
~—~

al:

I
'>’
~—

It
O
N
| >

@"d)

Substituting the value of d from equation (1).
we get

v=D\/2{l 26 - 1)2}
AR

Light is reflected from two surfaces of the plate
P.But they are mutually out of phase because
one is reflected by a denser medium while the

_ogf1 w2? '{zz}
or Ax—Zd(l 5 ) 0 o

2
or Ax=2d 1__y_2
81

For dark fringes
Ax=nA (since the rays are out of phase)
2
or 2d (1 - y—Z] =nA
8
2 _ 4%
or y°=—(2d - n})
d
2
or 2 _%-(Zd i) (1)
and rl= ﬂ— (2d - kA) .(2)
Subtracting (1) from (2), we get
_drZ-1)
at (- K

385. (a) Path difference at angle 6 is
Ax =dsin (90° - 6)=d cos©
Corresponding phase difference between 1

—— 0

Solutions 313
other by a rarer medium. So, the two sourcs s, ¢ = 2n Ax
and s, can be assumed at a distance of 2/ and AL )
2] + 2d from the screen as shown in figure. 2
, ]
or = (x)dcose (2 lags)
y - Net phase difference will be
q)net - ¢' + ¢
= (EE dcos 9) +¢
A
< »| For maximum intensity
2i+2d
g O et = 20T n=0,+1+2..
Path difference or (27! d cos 6) +6=2nn
Ax =s,M - ;M = s,N =2d cos9 A
or Ax=2d 1—25in2—e— or9=cos"l(n-—¢L)—k— n=0,+1,%2..
2 ' 2z) d
[ YAY { } (b) In the direction 6 = , path difference is
=2d|1-|= sin— = —
l 2 J 2 2 Ax=d

Hence corresponding phase difference is

¢_(k).Ax (k)'d (1 lags)

». Net phase difference is

¢¢¢()¢

For maximum intensity
¢net = 2n1r

or (zf)d o=2nm (1)

In the direction 8 = 0°, net phase difference is
2n
d+
¢net ( x ) ¢
For minimum intensity
Opet =(2n + 1) m,
2n
or (l) d+¢=(2n+1)n ...(2)

n=0,+12%2...

n=0%1%2..

From equations (1} and (2), we get
0= % and % =n+ %

where n=0,21,1t2,...
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386. (a) Usmg I ®-1) (—— 1

387.

R Ry
we get f = 20 cm.

Since source lies in focal plane of lens so all

the emergent rays wili be parallel. Focal length
of lens = 20 cm.

= Inclination of emergent rays from principal
axis :
sinat=tan o = ﬂ = i
20 40

Initial path difference = d sin o,
Initial phase difference ¢ = % dsina

For the central maxima
by dsinou=dsin0
or 6=a

So, central maximum will be shifted by a
distance

d d

Dtano=(1)—=—

y=Denb=M75=20
Fringe width = k% % {fasD=1m)

do _ o2(®
(b) I cos (2)

max
- cos? (M)= cos? [ 742
A 403
(a) Let central maxima lies at point P at a

distance y from the point O. Then optical
path difference Ax at point P is

ac=¥4 +(u.g Lt-p,dsing
For central maxima Ax =0

y=§uuwdsine>~mg—1m

Screen
fp

y

(o)

« L _05x%041x102]
2 J

[2x10™ - 2.05x 107

T3x107¢
6
- :xig_4=—l.66x10“2m
X
=-1.66cm

So central maxima lies at a distance 1.66 cm
below the central line.

(b) At point O, optical path difference is
Mg-1t-p,dsin0=-5x10%¢m

=-10A
So intensity at O is maximum or,
I

-9 -1
I

max

388. Let P and Q" would have been the posi‘ion of
first and second minima (last two), had the

S |

screen be perpendicular to S,P.
Since, the angular positions of minima do not

AononAd An tha macidiane 8t aao o

315
Solutions -
-~ Second minima would be formed at Q on =216x 10
the screen. d=6x10% m=0.6mm
d i ’s la face AB
OP=- 889. Applying Snell's law on \
(1) sin 45° = (/2)sinr
if §S;=d . 1
Let S,P=X, sinr =5
For minima at P or ’ o300
dsin 6, = '2_1 i.e., ray becomes parallel to AD inside the
block.
= d{tan 6;) = M Now applying,
2 B2 _Hi_H2=M1 o) face CD,
d rg@] M v u R
AN 1514 V2 _1414-42
d? OE 04
SP=%= Z Solving this equation, we get
=6.06
For minima at Q OE =6.06 m L1 1
Let SQ=X; 390. Differentiating the lens formula STuS 7
d sin 8, = % M with respect to time, we get
3\ 1l v + = 1 du_ (as f = constant)
sin62=tan62=—2—d— o2 dt w2 dt
2
d2) dv)_[v°) du (1)
and tan 8, = (—)C ( % | G (
By comparison Further, substituting proper values in lens
3\ _ d formula we have,
2d 2% 1+L=i (w=-04m,f=03m)
X2 = _3—1—1 or v=12m
Putting the values in Eq. (1)
FQ= X22 - 2 Magnitude of rate of change of position of
=d | -l]=2d image = 0.09m/s
ML 3Ty .
Lateral magnificationm = —
In the second case DA ud
0] o d
Given that fringe width = —2 an _d_zt) o _d_zt;
sz dt u2
PQ= 600( ) _(-04) (0.09) - (1.2) (0.01)
2
2d” _ g0 Dre (04)
- :_31: ) d = — 0.3 per second
= d® = 90012 D :. Magnitude of rate of change of lateral

— ann v ANNN v 6“““3(10—20)(1

magnification = 0.3 per second.
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891. For refraction at first surface, Ax=2ut=) (t = thickness)
Mo K1 _Ha—Wy 1 A __6600
==L =—=——=1500
v o (_ ) & 2x22 A
- 393. Let R be the radius of curvature of both the
> / . surfaces of the equiconvex lens. In the first
Hi o [He case :
\ [} =%
M2 =%
. Let f; be the focal length of equiconvex lens of
For refraction at 2nd surface, refractive index 1, and f, the focal length of
Ba _Hp _H3—Hp @ planoconcave lens of refractive index pt5. The
v, +R focal length of the combined lens system will
be gi :
Adding Egs. (1) and (2), we get 1e gl\]ien bij

By _Ma—li o, o MR F 1'%

Vs R H3—y ] 1 1 1
Therefore, focal length of the given lens = -1 (ﬁ - ‘_‘EJ +z-1) (_R - _)
system is u_3R_

Mg =Ky =(§_1)(§)+(3_1)(_1)
392. (a) siniy =p sinn 2 R 3 R
or sin 60° = Y3 sinn, 1. 1. 2
1 R 3R 3R
sinp ==
h 2 or = %}—2-
or n =30°
: Now image coincides with the object wh
N _ ject when
ow n+r=A ray of light retraces its path or it falls normally

r2=A—r1=3O°—3O°=O°
A

Therefore, ray of light falls normally on the

face AC and angle of emergence i, = 0°.

(b) Multiple reflection occurs between
surfaces of film. Intensity will be
maximum if interference takes place in
the transmitted wave.

Foar mavimim thiclnoce:

on the plane mirror. This is possible only when
object is at focus of the lens system.

Hence F=15cm
(Distance of object =15 cm)
3R

or 7=15cm oo R=10cm

In the second case, let be the refractive index
of the liquid filled between lens and mirror
and let F’ be the focal length of new lens
system. Then

Solutions

317

394.

or i=(§~1) 2)__01_—12
F' \2 R R
o =l_m-1_@2-w
R R
o R 10 (R =10 cm)
2-p 2-p
Now the image coincides with object when it is
placed at 25 cm distance.
Hence F'=25 or LU 25
-u
or 50— 25u =10
or 251 =40
n =;—g=l.6 or u=16

Rays coming from object AB first refract from
the lens and then reflect from the mirror.
Refraction from the lens :

u=-20cm, f=+15cm

Using lens formula,

1. 1.1

v u f

1 1 1

or e —=
v -20 15
v=+60cm

i. e. first image formed by the lens will be at 60
cm from it (or 30 cm from mirror) towards left
and 3 times magnified but inverted. Length of

first image A;B, would be 12x3=36cm

(inverted).

Reflection from mirror :

A'B'=1.8cm
(b)
Image formed by lens (A B;) will behave like a
virtual object for mirror at a distance of 30 cm

from it as shown in figure (a). Therefore,

u=+30cm, f=-30cm

——>]

15cm

Using mirror formula, 1 + 1 = 1
v u f
or 1,1 1
v 30 30
o v=-15cm
And linear magnification,
my=-bo_ 19 _ 1
277y 30 2

i.e. final image A’ B’ will be located at a
distance of 15 cm from the mirror
(towards right).

and since magnification is + -;—, ler‘lz;th of final

image would be
1
36x—-=18
x 5 cm

Point B, is 0.6 cm above the optic axis of
mirror, therefore, its image B’ would be

(0.6 (%) = 0.3 cm above optic axis. Similarly,

point A; is 3 cm below the optic axis,
therefore, its image A’ wil be

3x%=1.5cm below the optic axis as

shown in figure (b).
Total magnification of the image,

m = myx m2=(—3)(+%)=-%
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- A’B’ = (m) (AB) = (_ g) (12)=- 18 em

Note that, there is no need of drawing the ray
diagram if not asked in the question.
With reference to the pole of an optical
instrument (whether it is a lens or a mirror) the
coordinates of the object (x, v,) are generally
known to us. The corresponding coordinates
of image (x;, y;) are found as follows :
x; is obtained usingl + 1.1

v u f
Herev is actually x, and u is x ,, i.e, the above
formula can be written as

_]_'. + _1_. = l
Xi Xo f
Similarly, y, is obtained fromm = -é—

Here, lisy,and Oisy,, i.e. the above formula
can be written asm =y, /y, or y, = my,,
395. Incident ray

X:6~/§f+8«/§f—-10£
=(6V37+8v3))+(-10k)

- -

=QO+PQ

(As shown in figure)

ﬂ
Note that QO is lying on x — y plane.

Now QQ and Z-axis are mutually
perpendicular. Hence we can show them in

two-dimensional figure as below :
ZA E
P A
i w =2
Q > Q a
(o]
T\ T=1 M2 =3
R

_)
Vector A makes an angle i with Z-axis given
by

i=cos! 10
V02 + (64312 + (83)

o

hence i=60°
Unit vector in the direction of QOQ’ will be

6V3i+8V3] _1
V632 + (832 5

Snell’s law gives :

3i+4)

£L»

J2 sinr sinr

sinrz—‘/gl2 =i
Y32 2
or r=45°

Now we have to find a unit vector in refracted
ray's direction OR. Say it isf whose magnitude

is 1. Thus
f=(1sinr)q-(1cosr)E
1, 171, -
L -E=——31+4'-E]
ﬁ(q )JELS( )
1 “ n
P=—— (3 +4j-5k
sﬁ( j )
4
396. ny =120+ 208x10°0
A
.
and n2=1.45+M-

12

Here A is in nm.
(a) The incident ray will not deviate at BC if

319

Solutions
Ny =ny
¢ 1.80x 10
o 1204+ 208X10° 445, 180X 10
2.0 )"0
(7\, = xo)
4
- 9x 120 025
Ao

Ao 3x10°
o ° o5
or Ao =600 nm

(b) The given system is a part of an
equilateral prism of prism angle 60° as
shown in figure.

At minimum deviation,

r1=r2=§g—°=30°=r (say)

! sinr
sini=ny .sin 30°
o 108x10%|(1 )
sint = 1.20 + W}(z
15
2
or i=sin"1(3/4)
397. From lens maker’s formula,

1 1 1
lew-nla-=
f « )(Rl Rz)

1 3 1 1
— =l=-1} =~
we have 03 (2 )(R ~ R)

(Here R, =Rand R; = - R)

Blw

Y

Now applying Ba M1 _Ho—Hi1 5 o glass
v u R
surface, we get
Jz_ 1 _32-1 . 27m

v, -(09) 03

i.e., first image I; will be formed at 27 m from
the lens. This will act as the virtual object for
glass water surface. Therefore, applying

at glass water surface, we

v u R
have
_A}Q_g/_2=4/3—3/2
vy, 27 -03
vo=12m

i.e., second image I, is formed at 1.2 m from
the lens or 0.4 m from the plane mirror. This
will act as a virtual object for miror.
Therefore, third real image I; will be formed at
a distance of 0.4 m in front of the mirror after
reflection from it. Now this image will work as
a real object for water-glass interface. Hence

applying

v u R
Weoet ¥2___ 43 _32-4/3
¢ e C(08-04) 03
vg=-054m

i.e. fourth image is formed to the right of the
lens at a distance of 0.54 m from it. Now
finally applying the same formula for glass-air
surface,
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398.

1 32 _1-3/2

v5=-09m
i.e. position of final image is 0.9 m relative to
the lens (rightwards) or the image is formed
0.1 m behind the mirror.
The positions of images at different stages are
shown in figure.
For both the halves, position of object and
image is same. Only difference is of
magnification. Magnification for one of the
halves is given as 2 {> 1). This can be for the
first one, because for this, |v| > |u|. Therefore,
magnification, |m| =|v/u|> 1
So, for the first haif

jvlu=2 or |v=2]y
Letu=-x,thenv=+2x
and |ul+]v]=18m
ie 3x=18m
or x=06m
Hence u=-06m
and v=+12m
Gsng 1o1.1_1 1 _1
f v u 12 -06 04
fF=04m
For the second half
11 1
f 12-d -(06+4d)
or 11 1

04 12-d 06+d
Solving this, we get

d=06m .
Magnification for the second half will be
v 0.6 1
m2 = E—= = —
u -012 2
and magnification for the first half is
V.12 _
Tu (06

The ray diagram is as follows :

la wle
T oem ' 06m

0.6m

399, (i) Critical angle®, atface AC will be givenby

. a(n -
6, =sin?[X| or sin® =
n n

Now it is given that

r,=0, or n

iy =sin™ {n sinn}

Substituting value of r;, we get
i = sin™! {n sin (45° - 6,)}

= sin™! {n (sin 45° cos@, — cos 45° sin )}

=sin™ {_\73 (,[1 ~sin?@, - sin Gc)}

. n nl2 |
=Slé {T[l 5

m

2

n

m

=A-r,=(45°-6,)

Applying Snell's law at face AB, we have
_siniy-
= m

or sinij=nsinn

(sin 6. =

nl)
n
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iy =sin~! {—-—1— (yn® - n12 - nl)} Nomnal
J2
Therefore, required angle of incidence (i;) at = )
face AB for which the ray strikes at AC at /| > >
critical angle is :
Fig.2

400.

1, = sin™! {% (n® - n? - nl)}

(i) The ray will pass undeviated through face
AC when either (a)n; =nor
(b) rp = 0°i.e.ray falls normally on face AC.

Here n #n (because n, < n is given)
Iy = Oo
or 71=A—r2=45°—0°=45°

Now applying Snell’s law at face AB, we have

_sini 1352 = sin iy
sinp sin 45°
sin iy = (1.352) (%) - 0956

= sin~! (0.956) = 73°
Therefore, required angle of incidence is
'1 = 730

.(a) Refractiveindexisa function of y.lt varies

along y-axis i. e. the boundary separating
two media is parallel to x-axis or normal at

any point will be parallel to y-axis
Ya
P
3
]
1
t=0 B(x.y)
i
ﬂ/
A 4 Fal >
A » X
Fig.1

Secondly, refractive index increases as y is
increased. Therefore, ray of light is travelling
from rarer to denser medium, i. e,, it will bend
towards the normal and shape of its trajectory
will be as shown in figure (2).

Now refer to figure (1) :

Let i be the angle of incidence at any point B
on its path

0=90°-i
or tan 0 = tan (90° — i) = cot i
or slope = cot i '

dy
b) but tan § = —
(b} bu [

. pr =coti ...(1)
Applying Snell's law at
Aand B,

nysiniy =ngsinig
ny=1 becausey=0

sin iA = 1
because iy=90° ¥z
(Grazing incidence) Fig. 3.
ng = Jky¥2 +1=y¥2+1
because  k =10(m) ¥2
W=y +1)sini -

s 1 P

or sinf = —————
(ys/z +1
coti= y3/2 or y3/4 ...(2)

Equating (1) and (2), we get

dy 3/4 -3/4
L= or dy = dx
! v v {

or

Ot

X
' 3/4dy=Idx
0

or qyV/4 = ...(3)
The requ1red equatlon of trajectory is
4y
(c) At pomt P, where the ray emerges from
the slab ,
y=10m
x=40m
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Problems in Physics

(From equation 3)

Therefore, coordinates of point P are
P=(40 m, 1.0 m)

(d) As n.A siniy =np sinip

and as ng=np=1

Therefore, i, =iy =90° i.e, the ray will

emerge parallel to the boundary at Pi.e.

at grazing emergence. .
401. Steps (i) In case of a lens :

(a) Join X and Y. The point O, where the line
XY cuts the optic axis AB, is the optical
contre of the lens.

(b) Draw a line parallel to AB from point X.
Let it cuts the lens at L. Join L and Y. The
point F where the line LY cuts the optic
axis AB is the focus of the lens F.

Note: As the image is inverted, lens should be a convex
: because a concave lens always forms a virtual
~and erect i