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JEE ADVANCED 2017 - PHYSICS

| PAPER-1 |

SECTION -1

This section contains 7 questions. Each question has 4 options
(A), (B), (C)and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

1.

A flat plate is moving normal to its plane through a gas

under the action of a constant force F. The gas is kept at a

very low pressure. The speed of the plate v is much less

than the average speed u of the gas molecules.

Which of the following options is/are true?

(A) The pressure difference between the leading and
trailing faces of the plate is proportional to uv

(B) The resistive force experienced by the plate is
proportional to v

(C) The plate will continue to move with constant non-
zero acceleration, at all times

(D) Atalater time the external force F balances the resistive
force

A block of mass M has a circular cut with a frictionless

surface as shown. The block rests on the horizontal

frictionless surface of a fixed table. Initially the right edge of

the block is at x = 0, in a co-ordinate system fixed to the

table. A point mass m is released from rest at the topmost

point of the path as shown and it slides down.

When the mass loses contact with the block, its position is

x and the velocity is v. At that instant, which of the following

options is/are correct?

mR
M+m

(A) The position of the point mass m is: X = -2

2gR
(B) The velocity of the point mass mis: v=4/1 . ™

(C) Thexcomponent of displacement of the center of mass

. mR
ofthe block M is; ————
M+m

(D) The velocity of the block M is: V = —%ngR

A block M hangs vertically at the bottom end of a uniform
rope of constant mass per unit length. The top end of the
rope is attached to a fixed rigid support at O. A transverse
wave pulse (Pulse 1) of wavelength A, is produced at point
O on the rope. The pulse takes time T, toreach point A. If
the wave pulse of wavelength A is produced at point A
(Pulse 2) without disturbing the position of M it takes time
T 4 to reach point O. Which of the following options is/are
correct?

(A) ThetimeT,o=T,

(B) The velocities of the two pulses (Pulse 1 and Pulse 2)
are the same at the midpoint of rope

(C) The wavelength of Pulse 1 becomes longer when it
reaches point A

(D) The velocity of any pulse along the rope is
independent of its frequency and wavelength

A human body has a surface area of approximately 1 m2.

The normal body temperature is 10 K above the surrounding

room temperature T, Take the room temperature to be

T, = 300K. For T,=300K, the value of Ty =460 Wm

(where o is the Stefan-Boltzmann constant). Which of the

following options is/are correct?

(A) Theamount of energy radiated by the body in 1 second
is close to 60 joules

(B) If the surrounding temperature reduces by a small
amount AT, << T, then to maintain the same body
temperature the same (living) human being needs to

radiate AW = 4°T3 AT, more energy per unit time

(C©) Reducing the exposed surface area of the body (e.g.
by curling up) allows humans to maintain the same
body temperature while reducing the energy lost by
radiation
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(D) If the body temperature rises significantly then the
peak in the spectrum of electromagnetic radiation
emitted by the body would shift to longer wavelengths

A circular insulated copper wire loop is twisted to form two

loops of area A and 2A as shown in the figure. At the point

of crossing the wires remain electrically insulated from each

other. The entire loop lies in the plane (of the paper). A

uniform magnetic field l_i points into the plane ofthe paper.
Att=0, the loop starts rotating about the common diameter
as axis with a constant angular velocity o in the magnetic
field. Which of the following options is/are correct?

X X X X X X X X X X X X
X X X X X X X

X X X X X X X X X X X X

X X X X X

(A) Theemfinduced in the loop is proportional to the sum
of the areas of the two loops

(B) Theamplitude of the maximum net emf induced due to
both the loops is equal to the amplitude of maximum
emfinduced in the smaller loop alone

(C) The net emf induced due to both the loops is
proportional to cos ot

(D) The rate of change of the flux is maximum when the
plane of the loops is perpendicular to plane of the
paper

Inthe circuit shown, L=1 uH, C=1 puF and R=1kQ. They

are connected in series with an a.c. source V=V, sin ot as

shown. Which of the following options is/are correct?

L=1pH C=IpF R=1kQ
errm— |

V, sin ot

(A) The current will be in phase with the voltage if o= 10*
rad.s’!

(B) The frequency at which the current will be in phase
with the voltage is independent of R

(©) At o ~ 0 the current flowing through the circuit
becomes nearly zero

(D) Ato>>10%rad. 5!, the circuit behaves like a capacitor

JEE Advanced 2017 Solved Paper

For an isosceles prism ofangle A and refractive index , it is

found that the angle of minimum deviation 8 _=A.

Which of the following options is/are correct?

(A) For the angle of incidence i; = A, the ray inside the
prism is parallel to the base of the prism

(B) For this prism, the refractive index p and the angle of

1 -1
prism A are related as A = 5008 (%J

(©) At minimum deviation, the incident angle i; and the
refracting angle r| at the first refracting surface are
related by r; =(1,/2)

(D) For this prism, the emergent ray at the second surface
will be tangential to the surface when the angle of
incidence at the  first surface is

iy =sin”! {sinA /4 cos? %—1 —cos A]

SECTIJN -1

This section contains S questions. The answer to each question
isa SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive.

8.

10.

A drop of liquid of radius R= 102 m having surface tension

S= 4—‘Nm_1 divides itself into K identical drops. In this
s

process the total change in the surface energy AU= 103 J.
IfK = 10%* then the value of o is

An electron in a hydrogen atom undergoes a transition from
an orbit with quantum number n, to another with quantum
number n V;and Vare respectively the initial and final

V.
potential energies of the electron. If V_; = 6.25, then the

smallest possible ngis

A monochromatic light is travelling in a medium of refractive
indexn=1.6. It enters a stack of glass layers from the bottom
side at an angle 6 = 30°. The interfaces of the glass layers
are parallel to each other. The refractive indices of different
glass layers are monotonically decreasing as n=n —mAn,
where n_ is the refractive index of them® slaband An=0.1
(see the figure). The ray is refracted out parallel to the
interface between the (m — 1) and mt slabs from the right
side of the stack. What is the value of m?
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PHYSICS

11.

12,

A stationary source emits sound of frequency f, =492 Hz.
The sound is reflected by a large car approaching the source
with a speed of 2 ms~!. The reflected signal is received by
the source and superposed with the original.

What will be the beat frequency of the resulting signal in
Hz? (Given that the speed of sound in air is 330 ms~! and
the car reflects the sound at the frequency it has received).
1317 js an isotope of Iodine that B decays to an isotope of

3

labelled with 1311 is injected into the blood of a person. The
activity of the amount of 131 injected was 2.4 x 105 Becquerel
(Bq). It is known that the injected serum will get distributed
uniformly in the blood stream in less than halfan hour. After
11.5 hours, 2.5 ml of blood is drawn from person's body, and
gives an activity of 115 Bq. The total volume of blood in the
personj|s body, in liters is approximately

(youmay usee* ~ 1+ xfor|x|<<1andIn2 ~ 0.7).

Xenon with a half-life of 8 days. A small amount of a serum

SECTION - III

This section contains 6 questions of MATCHING TYPE, contains two tables each having 3 columns and 4 rows. Based on each table,
there are three questions. Each question has four options (A), (B), (C) and (D) ONLY ONE of these four options is correct.

Answer (Qs. 13-15) : By appropriately matching the information given in the three columns of the following table.

A charged particle (electron or proton) is introduced at the origin (x=0, y=0, z= 0) with a given initial velocity ; . A uniform

electric field E and a uniform magnetic field 1_§ exist everywhere. The velocity v, electric field E and magnetic field ﬁ are given in
columns 1,2 and 3, respectively. The quantities E, B, are positive in magnitude.

Column 1 Column 2 Column 3
E
@)  Electronwith v = 20 @) E = Eg2 (P) B = —By&k
0
.. > Ep. WA A g .
(II) Electronwith v = B—y (i) E=-Eyy (Q) B=Bjx
0
il > - 3 g
() Protonwith v =0 (iii) E = -Egx (R) B=B,y
Ey .
V) Protonwith V=2:"% (i) E = Eg& (S) B=Byz
0
13. In which case will the particle move in a straight line with constant velocity?
(A) (UD (i) R) ®B) AVIOES) (©) ) (i) (P) D) A3 (S)
14. In which case will the particle describe a helical path with axis along the positive z direction?
@A) aVOO) B) A R®R) (© ) (i) (P) D) V)R
15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e., move along —y )?
(A) D) (Q) B) () (R) © AVES) D) ) () (P)

Answer (Qs. 16-18) : By appropriately matching the information given in the three columns of the following table.

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the corresponding P-V diagrams in
column 3 of the table. Consider only the path from state 1 to state 2. W denotes the corresponding work done on the system. The
equations and plots in the table have standard notations as used in thermodynamic processes. Here Y is the ratio of heat capacities at
constant pressure and constant volume. The number of moles in the gas is n.

Column 1 Column 2 Column 3

1
O W= (V2 -PV) () Isothermal ® Pt 2

v
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I W, =-PV,+PV; (i) Isochoric Q p4
1
2
v B
P A
! 2
an wi,, =0 (ii) Isobaric ®
=44
]) A
1
v, . L7
V) W_,,=-nRTIn v (iv) Adiabatic S 5
1
i
16. Which of the following options is the only correct representation of a process in which AU = AQ — PAV?
(A) dAD@v)(R) B) (m) (i) (P) ©) AH@n)(S) D) (@) () (P)
17.  Which one of the following options is the correct combination?
A) AV B) EH@E)(ES) © AD@Ev)(P) D) @HGEv)(R)
18. Which one ofthe following options correctly represents a thermodynamic process that is used as a correction in the determination

of the speed of sound in an ideal gas?

A HEQ B) V)@ (R) © ) @v)(R) ® OHWVQ
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PHYSICS

| PAPER -2 |

SECTION -1

This section contains 7 questions. Each question has 4 options
(A), (B), (C) and (D). ONLY ONE of these four options is correct.

1.

Consider an expanding sphere of instantaneous radius R
whose total mass remains constant. The expansion is such
that the instantaneous density p remains uniform throughout

1
the volume. The rate of fractional change in density L;%f

is constant. The velocity v of any point on the surface of
the expanding sphere is proportional to
(A) R ® R}

1

© % © R

Consider regular polygons with number of sides n = 3, 4,
5.... as shown in the figure. The center of mass of all the
polygons is at height h from the ground. They roll on a
horizontal surface about the leading vertex without slipping
and sliding as depicted. The maximum increase in height of
the locus of the center of mass for each polygon is A. Then
A depends on n and h as

—han2| X —
(A) A =hsin (n) ®B) cos(E)

© A= hsin(ﬂ)

n

A=htan?| X

o (=]

A photoelectric material having work—function ¢, is
he

illuminated with light of wavelength * RE . The

fastest photoelectron has a de-Broglie wavelength A A

change in wavelength of the incident light by AA result in a
change AL in A. Then the ratio AA j/AM. is proportional to

(A)  Adr ®) 23/2?

© A/ ®) 23/a2

A symmetric star shaped conducting wire loop is carrying a
steady state current I as shown in the figure. The distance
between the diametrically opposite vertices of the star is4a.
The magnitude of the magnetic field at the center of the
loop is

4a

VA

Mol 3. Mol
(A) 41ta6[\/§ 1 ®) 41ta6[\/§+l]

Mol g1 3 Mol 5y _
© 41:a3w§ 1 @) 41ta3[2 ﬁ]

Three vectors P, and R areshown in the figure. Let S be
any point on the vector R . The distance between the points
Pand Sisb|R |. The general relation among vectors P,Q

and S is

(A) S=(1-bP+bQ
B) S=(b-1)P+bQ
© S=1-b2)P+bQ

D) S=(01-b)P+b%Q

A rocket is launched normal to the surface of the Earth,
away from the Sun, along the line joining the Sun and the
Earth. The Sun is 3 x 10 times heavier than the Earth and is
at a distance 2.5 x 10* times larger than the radius of the
Earth. The escape velocity from Earth's gravitational field is
ve=112km s~1. The minimum initial velocity (vg) required
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for the rocket to be able to leave the Sun—Earth system is
closest to (Ignore the rotation and revolution of the Earth
and the presence of any other planet)

(A) v&=22km s B) v=42km s

©) v&=62km s D) v&=72km s

A person measures the depth of a well by measuring the
time interval between dropping a stone and receiving the
sound of impact with the bottom of the well. The error in his
measurement of time is T =0.01 seconds and he measures
the depth of the well to be L = 20 meters. Take the
acceleration due to gravity g = 10 ms~2 and the velocity of
sound is 300 ms~!. Then the fractional error in the
measurement, 8L/L, is closest to

(A) 02% B) 1%

© 3% D 5%

SECTION - II

This section contains 7 questions. Each question has 4 options
(A), (B), (C)and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

8.

A uniform magnetic field B exists in the region between x =0

3R
and x= > (region 2 in the figure) pointing normally into

the plane of the paper. A particle with charge +Q and
momentum p directed along x—axis enters region 2 from region
1 at point P; (y = -R). Which of the following option(s)
is/are correct?

Region 1 }i Region 2 Region 3
% X %
X x B x
X X X
X X X
O >
X X x [Py X
+Q P, o X o
(y =-R) X X X
X X X
—>
3R2

2
(A) For B> =B

30R - the particle will re—enter region 1

8 p
B=——7-
B) For 13QR
through the point P, on x-axis
(C) When the particle re—enters region 1 through the
longest possible path in region 2, the magnitude of
the change in its linear momentum between point P,

the particle will enter region 3

and the farthest point from y—axis is p/ /2

10.

11.

JEE Advanced 2017 Solved Paper

(D) For a fixed B, particles of same charge Q and same
velocity v, the distance between the point P; and the
point of re—entry into region 1 is inversely proportional
to the mass of the particle

The instantaneous voltages at three terminals marked X, Y

and Z are given by

V,=V,sin o,

(a2
Vy=Vpsin | @1+ Jand

N ..
V,=Vgsin | ® + 3

An ideal voltmeter is configured to read rms value of the
potential difference between its terminals. It is connected
between points X and Y and then between Y and Z. The
reading(s) of the voltmeter will be

3
A Vxy = Vo\/;

1
® Wz =V 3
© V&=V
(D) Independent of the choice of the two terminals
A point charge +Q is placed just outside an imaginary
hemispherical surface of radius R as shown in the figure.
Which of the following statements is/are correct?

°Q

(A) The electric flux passing through the curved surface

%)
of the hemisphere is 2¢, N;]
(B) Total flux through the curved and the flat surfaces is
Q

€0
(C) The component of the electric field normal to the flat
surface is constant over the surface
(D) Thecircumference of the flat surface is an equipotential
Two coherent monochromatic point sources S, and S, of
wavelength A = 600 nm are placed symmetrically on either
side of the centre of the circle as shown. The sources are
separated by a distance d = 1.8 mm. This arrangement
produces interference fringes visible as alternate bright and
dark spots on the circumference of the circle. The angular
separation between two consecutive bright spots is A6.
Which of the following options is/are correct?
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PHYSICS

12.

13.

Pl
A6
o @ P
<—d—>

(A) Adark spot will be formed at the point P,

(B) AtP, the order ofthe fringe will be maximum

(C©) The total number of fringes produced between P, and
P, in the first quadrant is close to 3000

(D) The angular separation between two consecutive
bright spots decreases as we move from P, to P, along
the first quadrant

A source of constant voltage V is connected to a resistance

R and two ideal inductors L; and L, through a switch S as

shown. There is no mutual inductance between the two

inductors. The switch S is initially open. Att=0, the switch

is closed and current begins to flow. Which of the following

options is/are correct?

O L

(A) After a long time, the current through L; will be
vV L,
RL;+L,

(B) After a long time, the current through L, will be
vV L
RL;+L,

(©) Theratio of the currents through L, and L, is fixed at
all times (t>0)

\Y%
(D) Att=0, the current through the resistance R is Y

Arigid uniform bar AB of length L is slipping from its vertical
position on a frictionless floor (as shown in the figure).

At some instant of time, the angle made by the bar with the
vertical is 8. Which of the following statements about its
motion is/are correct?

.

SR
~~~~~~

.

.
oS
S
~

~ B
y o
IZZ //////////////6//////////////////I

7

(A) The midpoint of the bar will fall vertically downward

(B) The trajectory of the point A is a parabola

(C) Instantaneous torque about the point in contact with
the floor is proportional to sinf

(D) When the bar makes an angle 6 with the vertical, the
displacement of its midpoint from the initial position
is proportional to (1 — cos6)

14. A wheel of radius R and mass M is placed at the bottom of
a fixed step of height R as shown in the figure. A constant
force is continuously applied on the surface of the wheel so
that it just climbs the step without slipping. Consider the
torque T about an axis normal to the plane of the paper
passing through the point Q. Which of the following options
is/are correct?

N

(A) If the force is applied at point P tangentially then
decreases continuously as the wheel climbs

(B) Ifthe force is applied normal to the circumference at
point X then 7 is constant

(C) Ifthe force is applied normal to the circumference at
point P then 7 is zero

(D) Ifthe force is applied tangentially at point S then t#0
but the wheel never climbs the step

SECTI®N -1

This section contains 2 paragraphs, each describing theory,
experiments, data etc. four questions related to the two paragraphs
with two questions on each paragraph. Each question has only
one correct answer among the four given options (A), (B), (C) and

(D).

PARAGRAPH 1
Consider a simple RC circuit as shown in Figure 1.
Process 1: In the circuit the switch S is closed at t = 0 and the
capacitor is fully charged to voltage V (i.e., charging continues
for time T >> RC). In the process some dissipation (Ep) occurs
across the resistance R. The amount of energy finally stored in
the fully charged capacitor is E.

V
Process 2: In a different process the voltage is first set to TO and

maintained for a charging time T>> RC. Then the voltage is raised

2V,
3
for a time T >> RC. The process is repeated one more time by

to without discharging the capacitor and again maintained
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raising the voltage to V and the capacitor is charged to the same

Downloaded From : www.EasyEngineering.net

final voltage V, as in Process 1.
These two processes are depicted in Figure 2.

Figure 1

Process 1

2V, /3

Vo/3 —

7

1

— >
Process: 2

_)J T>>RC

15. InProcess 1, the energy stored in the capacitor E and heat
dissipated across resistance E, are related by :

(B) Eq=Epin2

(D) Eq=2E,

16. In Process 2, total energy dissipated across the resistance

(A) E.=Ep
1

© Ec=5Ep

2

ED IS:

1
(A) Ep= Ecvg

1
© Ep= g(

Figure 2

1 2
ECVO) @) Ep=3cV§

1
®B) ED=3(5CV3)

JEE Advanced 2017 Solved Paper
PARAGRAPH2

One twirls a circular ring (of mass M and radius R) near the tip of
one's finger as shown in Figure 1. In the process the finger never
loses contact with the inner rim of the ring. The finger traces out
the surface of a cone, shown by the dotted line. The radius of the
path traced out by the point where the ring and the finger is in
contact is r. The finger rotates with an angular velocity o,. The
rotating ring rolls without slipping on the outside of a smaller
circle described by the point where the ring and the finger is in
contact (Figure 2). The coefficient of friction between the ring and
the finger is p and the acceleration due to gravity is g.

>

Figure 2

17. The total kinetic energy of the ring is

1
(A) MolR? ®) EMmg(R %
2 2 S 2 . [
© Moj(R-1) D) 3 Maog (R -1)
18. The minimum value of &, below which the ring will drop

down is

g 2g
A
A Vu®-0 ® u® -1

3g g
© aur-n ® \2u®=1)
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PHYSICS

SOLUTIONS

1.

2.

Paper - 1

(A,B,D)
B v A Flat plate v o Flat plate
— ]
*—> <—e <o ~—>
u u v, v,

Before collision Just after collision
v+u u-—-v
LoV =u+y vy =u-2v
SOAv =2u+2v and Av, =2u—2v

Now i = BL— pA(u+)2u+ 2)

and F, = % =pA(u-v)2u-2v)

B =2pA(u+ v)? and E, =2pA(u -v)?

F,
FAF=F—F=8pduw ..

AF
P=—=38puv
1P
The net force F,,, = F —AF =ma
.. F-8pAuv = ma

(A,C) Let the block be displaced by x. Ifinitially the centre
of mass of the system is at origin then

_ Mxx+m(x+R)
B M+m

0= D x= -mR
= Mx+mx+mR .. m M

.. 'A' is the correct option

If'v is the velocity of mass 'm' as it leaves the block
and V is the velocity of block at that instant then
according to conservation of linear momentum

mv =MV

By energy conservation

1 5, 1 5
=—mv +—MV
mgR=> 2

2gR
On solving we get, v= m
M
Ly=2 | 28R
M 1+
M

.. (C) is the correct option.

1 [T
aor_ 1 /_
(A,D) We know that 7\

Where T = tension of string.
Here T,>T, .. A,>A, sooption (C) is wrong.
Velocity being a vector quantity has direction. The
velocities of the two pulses cannot be same at
midpoint.
Ty, = Ty because speed (or velocity) of wave
depends on mediums (and not on the wavelength or
frequency of wave)
(A), (D) are the correct options

(A,B,C)

Energyradiated = cA(T* - T04 )t
[For a black body e = 1]
=6A[(Ty+10)* - Tp*

4
—oAT HHIT—OJ —1]:
0
40

— cAT,* [ﬂ]xt =460x1x——x1=61.33J
T, 300

.. 'A" is a correct option

p - Encreyradiated _ s _ o y7ee
time
dp | 3
| Z AT |dpl = oAt yary
= |AP| = 464T;}

'B' is also a correct option
Energy radiated o«c A where A is the surface area of
the body
.. 'C' is the correct option
(A,D) For smaller loop ¢ =BA cos ot
The rate of change of flux
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dé

dt = —BAwsin ot

d
For 7? to be maximum, sin ot should be maximum

and this will happen when ot =90° i.e., the plane of
loop is perpendicular to the plane of paper.
Option (A) is correct.
The emf produced will oppose each other. The net
emfwill also be proportional to sin ot.
€.et — B(2A)osin ot — BAw sin ot = BAo sin ot
.. option (D) is also correct.

6. (A,B) The angular frequency at which the current and
voltage will be at same phase is

1 1
|, = =
" JLC (1070 x107%)2
This value is independent of R’ So (A) is correct

=10°rad s™!

option.
) 14
At @ ~0,thecurrent i = :
JR2+(mL————f 5 (©
oC
i=0 (The circuit behaves as d.c circuit)
.. Bisa correct option
If ® >> o, circuit behaves as an inductor.
7. (A,B,D)
For minimum deviation (when i, = A)
ii=e

A
1, =1,=r(say)= >

8, =20~ 4, 9.

i 10. @8

option (A) is correct

_sing _ sin4 1. (6)

sinp sind/2
_ 2sin A/2cosA/2
- sind/?2

.. option (B) is correct
Applying Snell's law at Q 12. (§)

sin 90° 1 . _1(1)
=—= o> KB =sln | —
sinr, M

=2cosA/2

sins,

JEE Advanced 2017 Solved Paper

Emergent ray tangential
to the surface

But r;+r,=A
. =A- r,

- p=A4A- sin”! (l)
1

Applying Snell's law at 'P' we get
= sm_zl ~ gy =sin’! [u sin(4 —sin™! l)}
siny M

For minimum deviation PQ || BC
.. (D) is also a correct option.

AU = S[kx4nr* — 4nR?]
[where i1:R3 =k xinrg’]
1 3 3
R= K/3r

2
s AU= 41ts|:k>< k1§/3 - RZ] - 41tSR2[k1/3 _1]

- AU= 4nSR?[10%3 -1]

L 103= 4nx%x(10_2)2[10°‘/3 ~1]

T
102 =10 -1
Neglecting 1 weget 102=10%3 . —=2 - ¢ =6
U; nf2 .y
Here =4 -1 __g25 .. =/ =25
Uy ”i2 &
Ifn,=2 thenn;=35
Heren x sin 30°=[n—-m x 0.1] sin 90°
5. 1.8%x5in30°=1.8-mx0.1 .. m=8§
. 332
Frequency perceived by reflector = f; =492 330

Frequency perceived by the source f,
=492 [E] x [ﬁ] =498Hz

3304 [328
.. Beat frequency =498 — 492 = 6Hz

A=A o Aj=AeM=115(1+1p)
LAy 115{1+Ex11.5]
/2
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13.

14.

A
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=115[1+ 07 ><11.5]
8x24

X

Ay =120Bq
120 Bq activity level isin 2.5 ml
2.4 x 10> Bq activity level will be in

2.5x2.4x10°
—_—m
120

1

25%x2.4x10°
1201000

For the particle to move in straight line, electric force
should be equal and opposite to the magnetic force.
(A) is the correct option.

FE = —CE = —e(—Eo)‘E) = eEo)%

I =5]

4 - Ey . .
Fg=q(vxB)= _{_oyx Boz}
By

FB = —eEo.i
X
/
2B 4 Fj
B, 4
B
>—> > Z
E
Y

15. D)

16. (B)

17. @A)

18. D)

11

The force due to magnetic field F will provide the
necessary centripetal force for circular motion which
will be in X-Y plane. The force due to electric field
will accelerate proton in Z-direction. Thus the path
will be helical with increasing pitch.

X
/

E=-Ej

vel=0

EzBoj
Y

The electric field will apply a force on—Y axis thereby
accelerating the change along —Y axis.
Fg=qvBsin6

Here 6 = 180° therefore ,Fz =0

AU=AQ-PAV

show that work done =PAV

which is the formula for isobaric process.

Work done in isochoric process is zero for which we
get a vertical line in P-V graph.

Laplace's correction of the speed of sound in ideal
gas is related to adiabatic process.
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1. @A

D)
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Paper = 2

Ldp _ constant
p dt

4nR3 d m
A = constant
3m dt| 4 p3

d
LRI 7 —(R™®) = constant

_4.dR
. R*(-3R 4); = constant

dr
dt

o« R

I AOAB cosE—% . h
n n OB ’

h 1
COS— COS—
n n

-1

hC_y pz ) B2
0 2m 2me?\.d2
Dlﬁ‘erentlatmg on both sides
_ 2
£d?» W2 xdhy
A2 2m, xd

3
9
dr a2

2a

A

(B)

(B)
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ocC
cos 60°= —

In AOAC oA

1
. = 2 —_=
OC= 2ax > a
The magnetic field at'O' due to

AB= 22 Llsin60°—sin30°]
4n a
=”_0£[£_l} ”01 (J_ )
4ral 2 2

The total magnetic ﬁeld due to all the straight segments
of the star is

=[Z—i£x%(\/§—l)] 12—”0 x6(3 -1)

S-p
b

S =b0+(1-b)P

5
lsz_GMem_GMemx3x10 5

i\ R 2.5x10*R,

v} GM, {1+ 3x10° ]

2 R 2.5x10*
13(2GMJ VI3x112~42

€

2L L
T=y% 5

with error limits

L+6L

2(L+3L) +
T+3T= g N
( SLJ L( SL)
I+— |+—1+—
g L v L
(1850 %)
- T+8T= g L) v I
2L 2L 8L L L8L
. T+8T= v v L

. T+8T=
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2L 3L  L3L
g 2L v L

auf1 L L
8T=L 2\ g v

Substituting 6T=0.015,L=20m, g=10 ms2,

T+8T=T"+

v=300ms™!
We get
8L 15
L 1600
O 100=1 x100= Lo ~1%
L 1600 16

8. (A, B) For the charge +Q to return region 1, the radius of

3R
the circular path taken by charge should by By

2p
i.e., B should be equal or greater than 2Q_R

'A is the correct option.

When B= 8p_
130R
m (82 ) ., 1R
r 130R 8
Thus'C' is the of the centre of circular path ofradius
13R
8
YA \
X X X
A C X X X
SR
8
Cd X
TR © P,
«—— 3R/2
X X X
p1
Q' —
X X X

13

Also CP, =/CO? + 0P
(SRJZ (3R)2
= _ 4+ —
8 2
13R

="y

Thus the particle will enter region 3 through the point P, on
X-axis
'B' is the correct option.

Change in momentum = /2 p
Thus'C' is incorrect

2 my
my
_ . r= 5
Further—r =qvB .. B - roem

.. 'D' isincorrect.

(A, C) The potential difference between X and Y is
VXY = (VXY )0 Sin((l)t + 91)

2n
where (Vxy)o = \/Voz +Vy2 =212 cos =~ = NEIA

and (Vxy )rms = (V\);YE)O = %VO

(A) is the correct option
Now the potential difference between Y and Z is

Vyz =Vy—Vz
VYZ = (VYZ )0 Sin((l)t + 92)

2n
Where (Fyz)o = \/ W+t =20 cos—=== 3V,

(Myz) 3
and (VYZ )rms = \}}ZEO = EVO

Thus (C) is the correct option.
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10.

11.

(A,D)

(B,0)
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The circumference of the flat surface is an
equipotential because the distance of each point on
the circumference is equal from +Q

(D) is the correct option.

The component of electric field normal to the flat
surface is Ecos0.

Here E as well as 0 changes for different point on the
flat surface. Therefore (C) is incorrect.

The total flux through the curved and flat surface

Q
should be less than g . Therefore (B) is incorrect.

The solid angle subtended by the flat surface at

P=2n(1—%)

.. Flux passing through curved surface

(A) is the correct option.

Path difference at P, is
p=S,P,-S,P,=d=1.8mm=1.8x10m

=3000 x 600 x 109 m

p=3000A.

Asthe path difference is an integral multiple of A, P,
should be a bright fringe with 300th maxima. (A) is
incorrect.

Further at P, path difference =0. Therefore a bright
fringe will be present at P, also. Therefore total
number of fringes between P, and P, is 3000. (C) isa
correct option.

Obviously at P, the order of the fringe will be
maximum. Thus (B) is a correct option.

P,

%Q’a ™

N
=30 |

JEE Advanced 2017 Solved Paper

Now path difference

p=dcos0=ni (for bright fringe)

. cosezﬂ
d

. A

-, —sin@ A9=(An)3

or AB=-

dsin®
As we move from p, top,, 0 decreases and therefore
A increases. Therefore (D) is incorrect.
12. (A,B,0)
After a long time the current through the resistor is
constant I will divide into two parts L, and L, which

are in parallel
~LL =LL,

V[ L
Further [1 =E{Ll +L}

Y[k
Also the ratio of currents through L, and L, is fixed
atall timesAtt=0, ] ~0
13. (A,GD)
AsF, =0,a,=0. Therefore the force acting in vertical
direction will move the mid point of the bar fall
vertically downwards. (A) is correct option.

e

When the bar makes an angle 6 with the vertical, the
displacement of its mid point from the initial position

L L
is ———cos0
is 2732

(D) is a correct option.
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PHYSICS 15
Instantaneous torque about the point of contact Pis  15. (A)  Work done by battery=q x V

1:=mg><§sin9

(C) is a correct option.

L .
Now x=zsm9, y=Lsin(90-06)= LcosO

2 2 2 2
2x y) 4x° y

S — +| = =1 —t—=1
( 3 ) (L T

This is equation of ellipse. Therefore B is incorrect
Ifthe force is applied at P tangential than the I remains
constant and is equal to F x 2R where F is the applied
force (A) is incorrect.

If force is applied normal to X, then as the wheels
climbs, then the perpendicular distance of force from
Q will go on changing initially the perpendicular is
Qs later it becomes QM'. (B) is incorrect

Ifthe force is applied normal to the circumference at
point P then I is zero. So (C) is correct.

Ifthe force is applied tangentially at point S then
1= Fx R and the wheel will climb.

(D) is incorrect

. W=CV_ xV_ =CV2

1
Energy stored in the battery = ECVOZ
.. Energy dissipated

1 2 1 2
Ep=W-Ec=CVg2 V0 =5V
o Ec=Ep
Let V; and Vbe the initial and final voltage in each

process. Then
Energy dissipated = Wbattery - AU

1
= C(Vp =Vi)Ve = C(Ve = Vi)*

1
A\
.. Total heat dissipated

2 2 2

1 (V ) (ZV V) ( ZV]
E~=—-C|| 22— o__o Vv 2o
D 2C{ 3% 3 ) e

1
= gCV(,2

R-r
Here og(R-r)=0R .. 0)=(00( R )

Nowtotal kinetic energy of the ring (Kinetic rotational
+ kinetic translational)

1
K.E,p = E(2MR2 o2 = Moy (R-r)?

uM(n)2 (R-r)=Mg

min

Dmin = g
\l H(R-7)
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A particle is executing simple harmonic motion with a time
period T. At time t =0, it is at its position of equilibrium. The
kinetic energy-time graph of the particle will look like:

KE -
o DN g s

0| T/4 T2 T t=

©) NN @ -

o172 T T t=> 0 T t—

The temperature of an open room of volume 30 m* increases
from 17°C t027°C due to sunshine. The atmospheric pressure
in the room remains 1 x 10° Pa. If n, and n, are the number of
molecules in the room before and after heating, then n.—n, will
be:

M 25x10% b)

@) -161x10% @ 138x10

Which of the following statements is false ?

(1) A rheostat can be used as a potential divider

(2) Kirchhoff's second law represents energy conservation

(3) Wheatstone bridge is the most sensitive when all the
four resistances are of the same order of magnitude

(4) In a balanced wheatstone bridge if the cell and the
galvanometer are exchanged, the null point is
disturbed.

The following observations were taken for determining

surface tensiton T of water by capillary method :

Diameter of capilary, D=1.25 x 102 m

rise of water, h=1.45x102m

Using g =9.80 m/s? and the simplified relation

25102
23

h .
T = %x 10° N/m, the possible error in surface tension is

closest to :
D 2.4% 2) 10%
3) 015% 4 15%

In amplitude modulation, sinusoidal carrier frequency used
is denoted by ®,and the signal frequency is denoted by o, .

The bandwidth ( Ao, ) of the signal is such that Aw,, <o, .

Which of the following frequencies is not contained in the
modulated wave ?

0 o,+o, @ o -o,

A o, @ o,

A diverging lens with magnitude of focal length 25 cm is
placed at a distance of 15 cm from a converging lens of
magnitude of focal length 20 cm. A beam of parallel light
falls on the diverging lens. The final image formed is :

(1) real and at a distance of 40 cm from the divergent lens

10.

11.

12,

(2) realand at a distance of 6 cm from the convergent lens

(3) real and at a distance of 40 cm from convergent lens

(4) virtual and at a distance of 40 cm from convergent
lens.

The moment of inertia of a uniform cylinder of length ¢ and

radius R about its perpendicular bisector is I. What is the

ratio #/R such that the moment of inertia is minimum ?

3
M 1 @ 3

3
© \g @ 2

An electron beam is accelerated by a potential difference V
to hit a metallic target to produce X-rays. It produces

continuous as well as characteristic X-rays.If A_. is the

min

smallest possible wavelength of X-ray in the spectrum, the
variation of log A, withlog V is correctly represented in :

log A log Ay
1 @
logV
log .. log %
logV log V

A radioactive nucleus A with a half life T, decays into a
nucleus B. Att=0, there is no nucleus B. At sometime t, the
ratio of the number of B to that of A is 0.3. Then, t is given by

Le————logV

T
(1) t=Tlog(1.3) @ " log(13)
log2 Tlogl.3
= T 4 t=T
@) logl 3 7 log2

An electric dipole has a fixed dipole moment ; , which makes
angle @ with respect to x-axis. When subjected to an electric

field E, = Ei , it experiences a torque T, =7i . When

subjected to another electric field E, =3E,j it
experiences torque 7, = —T, . The angle @ is:

1 60 @ %

3 30° @ 45

In a common emitter amplifier circuit using an n-p-n
transistor, the phase difference between the input and the
output voltages will be :

(1) 135° 2) 180°
(3) 45° @
and C, are specific heats at constant pressure and

cc?nstant volume respectively. It is observed that
C - C, = afor hydrogen gas

Cp - CV = b for nitrogen gas
The correct relation betweena and b is :
() a=14b 2) a=28b

3) a=Lb 4 a=b
14
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A copper ball of mass 100 gm is at a temperature T. Itis 19,
dropped in a copper calorimeter of mass 100 gm, filled with

170 gm of water at room temperature. Subsequently, the
temperature ofthe system is found to be 75°C. T is given by
(Given : room temperature = 30° C, specific heat of copper =

0.1 cal/gm°C

(1) 1250°C 2) 825°C

(3) 800°C 4) 885°C

A body of mass m = 102 kg is moving in a medium and
experiences a frictional force F =—kv?. Its intial speed is A

1
=10 ms L. If, after 10 s, its energy is gmvé , the value of k 20
will be: '
(1) 10*kgm™! 2 10'kgmls!
(3) 103kgm™! @ 103kgs!

When a current of 5 mA is passed through a galvanometer
having a coil of resistance 15 ¢, it shows full scale
deflection. The value of the resistance to be put in series

with the galvanometer to convert it into to voltmeter of range
0-10Vis

(1) 2535x10°Q @ 4.005x10°Q 21.

() 1.985x10°Q @ 2.045x10°Q

A slender uniform rod of mass M and length ¢ is pivoted at

one end so that it can rotate in a vertical plane (see figure).

There is negligible friction at the pivot. The free end is held
vertically above the pivot and then released. The angular 55
acceleration of the rod when it makes an angle @ with the
vertical is

z

6
X
2
0] 32—§cost9 ) 3—§cost9
3 3é—isine @ 2—gsint9

Some energy levels of a molecule are shown in the figure.
The ratio of the wavelengths r= 4,/ 4, , is given by

23.
-E
4 A,
7_E A4
M
—2E x
—3E—
1 r—i 2 r=l
M r=g @ r=3 ’.
4 2
= — r:_
@) r=3 @ r=3

A man grows into a giant such that his linear dimensions
increase by a factor of 9. Assuming that his density remains
same, the stress in the leg will change by a factor of

1

1) 8l @ 5

1
@ 9 @ 3

JEE MAIN 2017 Solved Paper

In a coil of resistance 100 Q) , a current is induced by
changing the magnetic flux through it as shown in the figure.
The magnitude of change in flux through the coil is

10

Current
{amp.)

T
05s
— Time
(1) 250 Wb (2) 275Wh
(3) 200Wh (@) 225Wh

In a Young's double slit experiment, slits are separated by
0.5 mm, and the screen is placed 150 cm away. A beam of
light consisting of two wavelengths, 650 nm and 520 nm, is
used to obtain interference fringes on the screen. The least
distance from the common central maximum to the point
where the bright fringes due to both the wavelengths
coincide is :

1) 975mm 2) 15.6mm

(3) L156mm 4) 78mm

A magnetic needle of magnetic moment 6.7 x 102 Am?and
moment of inertia 7.5 x 1076 kg m? is performing simple
harmonic oscillations in a magnetic field of 0.01 T. Time
taken for 10 complete oscillations is :

(1) 698s 2) 876s

(3) 6.65s 4) 8.89s

The variation of acceleration due to gravity g with distance
d from centre of the earth is best represented by (R = Earth's
radius):

AL

g
O

% 1Q
|

I

2V

In the above circuit the current in each resistance is

() 05A 2 0A

3 IA @ 025A

A particle A of mass m and initial velocity v collides with a

>
=]

m
particle B of mass > which is at rest. The collision is head

on, and elastic. The ratio of the de-Broglie wavelengths
A, to A, after the collision is

A, 2
m 773 @

Iy
® 7 @
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25.

26.

27.

28.

An external pressure P is applied on a cube at 0°C so that it
is equally compressed from all sides. K is the bulk modulus
of the material of the cube and a is its coefficient of linear
expansion. Suppose we want to bring the cube to its original
size by heating. The temperature should be raised by :

o ;% @ 3PKa
P
3 30K @ 2K

A time dependent force F = 6t acts on a particle of mass 1 kg.
If the particle starts from rest, the work done by the force
during the first 1 secand will be

1 9J 2 18J

(3) 45J 4 22J]

An observer is moving with half the speed of light towards
a stationary microwave source emitting waves at frequency
10 GHz. What is the frequency of the microwave measured
by the observer? (speed of light = 3 x 108 ms™1)

(1) 173GHz 2) 153GHz

3) 101GHz 4 121GHz

In the given circuit diagram when the current reaches steady

state in the circuit, the charge on the capacitor of capacitance
Cwill be:

E

29.

30.

2017-3
&) h
M cE (r+r1) @ cE (r+1)
®) CE @ CF

A capacitance of 2uF is required in an electrical circuit
across a potential difference of 1.0 kV. A large number of
1uF capacitors are available which can withstand a potential
difference of not more than 300 V. The minimum number of
capacitors required to achieve this is

n 24 2 32

3 2 4 16

A body is thrown vertically upwards. Which one of the
following graphs correctly represent the velocity vs time?

! N

¢y N @ T—>
TN !
N

3) t=> @ =
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SOLUTIONS

(2) For aparticle executing SHM
Atmeanposition; 1=0,0t=0,y=0,V=V,  =ao
1
KE.=KE,, = Ema)za2

T

T
Atextreme position: 1= — , ot= >

7 y=A, V=V, =0
KE.=KE,, =0

L. . 1
Kinetic energy in SHM, KE = 5 mao(a*-y?)

_1 mao?a*cos’ot

Hence graph (2) correctly depicts kinetic energy time graph.
(2) Given: Temperature 7,= 17+273=290K
Temperature 7= 27+273=300K

Atmospheric pressure, P, =1 x 105 Pa

Volume of room, V=30 m?

Difference in number of molecules, Nf— N,;=7

The number of molecules
PV
N=—"
RV,(1 1)
N~N=—"% —-—|N
e
5
sl dax30 X3Ox6.023x1023(L—L)
8314 300 290
=-25x10%

(4) There is no change in null point, if the cell and the
galvanometer are exchanged in a balanced wheatstone
bridge.

On balancing condition

R_&

R, R,

|1
| 1
After exchange

R,

On balanci diti f &
ndition —=—
n balancing conditior R R

rh
(4) Surface tension, T’ = Tg x10°

. . . AT Ar Ah
Relative error in surface tension, T -5 + > +0
(-~ g,2 and 103 are constant)

Percentage error

(1072 2%0.01)
100X AT _[107x0.01 107 x0.01)

T \125x1072 1.45x10_2J
=(0.8+0.689)
=(1.489)=1.489%=1.5%

(3) Modulated carrier wave contains frequency w, , 4

w,tw,

(3) Asparallel beam incident on diverging lens will form
image at focus.

v=-25cm

f=-25cm f=20cm

The image formed by diverging lens is used as an object for
converging lens,

So for converging lens u=-25-15=—40cm, f=20cm

Final image formed by converging lens
1 1 1

vV 40 20
or, V=40 cm from converging lens real and inverted.

(3) Aswe know, moment ofinertia of a solid cylinder about
an axis which is perpendicular bisector

_mR2 mi?
T4 12
e D

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

PHYSICS
Let V= Volume of cylinder = nR%/

m|{V I dl m[—V 21]
=—|—+— — =—]—+—1=0
4\nl 3 dl 4|\ g? 3
V _2_1 23
n? 3 DV_T
a2 3 1 3
2 = — = —_ = =
nRl 3 R2 ) or, R >
hc
8. (3 InX-raytube, A, =—
eV
In Xmm = In(k] —InV
e
Clearly, log A, versuslog ¥ graph

slope is negative hence option (3) correctly depicts.

9. (4) Letinitially there are total Ny number of nuclei

N .
Attime t N—B = 0.3(given)
A

= Np=03N,
No=N,+Nz=N,+0.3N,

N0
Ne=13

As we know N,=N,e M

N
or, L = Nye M

1.3
L=e—M = In(1.3)=M
1.3 '
In(1.3) In(13) _In(1.3) .
or, = = =
A in(2) ~ In(2)

T

10. (1) T = PE sin6 Torque experienced by the dipole in an

electricfield, T=PxE

E=pcos9 f+psin9j

E\=Ei

Ti=pxE =(pcos®i +psin0])xE(i)
1:I€=pEsin9(—/€)

E2=\/§E1f

T> = pcos®i + psin6)) x3E ]

th = /3 pE, cos0k (i)

11.

12,

13.

14.

15.

2017-5
From eqns. (¢) and (i)

PE sin® = /3 pE cos®
tanf= /3 0=60°

(2) In common emitter configuration for n-p-» transistor
input and output signals are 180° out of phase i.e., phase
difference between output and input voltage is 180°.

(1) Aswe know, C,—C, =R where C, and C, are molar
specific heat capacities

For hydrogen (M=2) Cp -C,=a=

For nitrogen (M=28)C - C, = b=

Bl wix

%= 14 or, a=14b

(4) According to principle of calorimetry,
Heat lost = Heat gain
100 x0.1(-75)=100% 0.1 x45+ 170 x 1 x45
10—750=450+7650
10=1200+7650=8850
T=885°C
(1) Let Vfis the final speed of the body.

From questions,

1 1

EmV} =§mV02 > V =%=5m/s
dv 2 dv
F=m|— |=-kV 2y —=_kJ2

(dt) (10 )dt kV-
5 10
jd—zz-mOKIdt
oV 0

1

1
E—E=IOOK(10) or, K= 10_4kgn1_l

(3) Given : Current through the galvanometer,
g =5x 1034
Galvanometer resistance, G=15Q

Let resistance R to be put in series with the galvanometer to
convert it into a voltmeter.

V=i, (R+G)

10=5 x 1073 (R+ 15)
R=2000—15=1985
=1.985x103Q
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2017-6 JEE MAIN 2017 Solved Paper
16. (3) Torque at angle 6 20. (4) For common maxima, nA, =nA,
o A, 520x107° 4
w) o :> —_— = - =
e mo A 650x107° 5
t=MgsinOé Q- For 2,
Mg
y="2D 5 650mm
3 d
Also t=lo 4x650x10° x1.5
! = 0.5x10-3 o, y=78mn
loo= Mgsin®— X )
2 21. (3) Given: Magnetic moment, M=6.7 x 102 Am?
5 ) Magnetic field, B=0.01 T
Mi azMgsinOL { I, =ﬂ] Moment of inertia, /=7.5 x 1076 Kgm?
3 2 3
. 1
lo_ sin® L ge 3gsin@ Using, T' = 2“\/%
= 378, ¢ 21
-6
he _ 7.5x10°  2n
17. (2) Fromenergy level diagram, using AE = o =2m 67x102 <001 10 1.06s
he Time taken for 10 complete oscillations
For wavelength A, AE =~ £~ (-2E)= 7~ 1=107=2mnx1.06
1 =6.6568 ~6.65s
he 22. (2) Variation of acceleration due to gravity, g with distance
M= E 'd" from centre of the earth
4E Gm .,
For wavelength A, AE =— E— (_T) = % If d<Rg= F-d i.e., g o d(straight line)
2
If =R, g=—">5
}\'2=£ c. }":hzl d ,gs R2
(E) b & Gm 1
3 If d>R,g=d—2 i.e.,goc?
18. (3) As linear dimension increases by a factor of9 23. (2) The potential difference in each loop is zero.
vy o No current will flow or current in each resistance is
Y, = Zero.
. . D)
ls)cinlf:atzsrinégmme 24. (4) Fromquestion, m,= M, m,= 5
n Area u,=V u,=0
7f =9 o (el 92 Let after collision velocity of 4=V, and
i (drea), velocity of B=V,
Stress (6)= force _ (mass)x g Applying law of conservation of momentum,

area area

_ m
o, (mf\(i\ _ 93 ) mu —mvl+ (EJV2

=2 _ L Z -9 _ ,
p m )\ 4 2 or,24=2v, +v, (D)
! L ! JL I J ’ By law of collision
19. (1) According to Faraday's law of electromagnetic

d¢ e=2"N
induction, €= @ u-0
Also, e=iR or, U=V, -V, ....(i)
’ dé [-- collision is elastic, e= 1]
iR= P Idd) = RI idt using eqns (i) and (i7)
Magnitude of change in flux (d¢) =R x area under current vs v, = 4 and V, = iu
time graph 3 3

. h
o do= 100x%x%x10 —250 Wh de-Broglie wavelength ?»=;
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PHYSICS
m 4,
A _B_23 _,

25. (3) Aswe know, Bulk modulus

AV P
K=_AP
(—AV) VK
14
J=3a
V=V, (1+yAf)
A—V=1(At
Y
P p p
—=yAt D AMt=—=—"
K YK 30K

i av
26. (3) Using, F=ma= mE

6t=1."— ..

e m=1kg given]

de:jétdt
0

5
V=6[t—} =3ms™! [-
2 .

0
From work-energy theorem,

t=1 sec given|

A B Fooa ol il
W—AKE—Em(V —u )—2><1><9—4.5J

27. (1) Use relativistic doppler's effect as velocity of observer

is not small as compared to light

f=r Z:: ;  V=relative speed of approach
£=10GHz
C
GH—
£=10 |—2 =103=17.3 GHz

c
c——

28.

29.

30.

2017-7

(1) In steady state, flow fo current through capacitor will
be zero.
Current through the circuit,

. E i
1=
F+r

Potential difference through capacitor

VC=Q=E—ir=E—( E \r

C Lr+r2J
0=CE-2
r+r

(2) To get a capacitance of 2 p\F arrangement of capacitors
of capacitance 1F as shown in figure 8 capacitors of 1 uF in
parallel with four such branches in series i.e., 32 such
capacitors are required.

£HEH B E
EAEEA R

1000 V

8UF 8UF 8UF 8UF
i i | i | i

250V 250V 250V 250V

1000 V

o C,y=2WF

(1) For a body thrown vertically upwards acceleration
remains constant (a =— g) and velocity at anytime ¢ is given
by V=u-gt

During rise velocity decreases linearly and during fall
velocity increases linearly and direction is opposite to each
other.

Hence graph (1) correctly depicts velocity versus time.
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Planck’s constant has dimension .

(1985 - 2 Marks)
In the formula X = 3YZ2, X and Z have dimensions of
capacitance and magnetic induction respectively. The
dimensions of ¥ in MKSQ sytem are

(1988 - 2 Marks)
The equation of state for real gas is given by

[P + %] (V = b)= RT . The dimensions of the constant
14
ais . (1997 - 2 Marks)

MCQs with One Correct Answer

The dimension of (%) 30E2 (&, : permittivity of free space,

E electric field) (2000S8)
(@) MLT! (b) MI2T?
() ML'T2 (d MI2T!

A quantity X is given by aOLAA—V where g, is the
t

permittivity of the free space, L is a length, AV is a potential
difference and At s a time interval. The dimensional formula
for X is the same as that of (2001S)
(a) resistance (b) charge

(c) voltage (d) current

A cube has aside of length 1.2 x 102m. Calculate its volume.
(@ 1.7x10°%m? (b) 1.73x10°m3 (2003S)

(¢ 1.70x10°m3 (d) 1.732x10°m3
Pressure depends on distance as, P = %exp (— %) , where

o, B are constants, z is distance, & is Boltzman’s constant

and 0 is temperature. The dimension of § are (2004S)
(@ MLOT0 ) MIIT!
() Mr270 (d) MILT?

A wire of length {=6+0.06 cm and radius 7= 0.5 £0.005 cm
and mass m= 0.3 £0.003 gm. Maximum percentage error in

density is (2004S)
(@ 4 (b) 2
© 1 (d) 68

Units and Measurements

JEE Advanced/ lIT-)JEE

Fill in the Blanks

Which of the following set have different dimensions?
(a) Pressure, Young’s modulus , Stress (2005S)
(b) EMF, Potential difference, Electric potential

(¢) Heat, Work done, Energy

(d) Dipole moment, Electric flux, Electric field

In a screw gauge, the zero of mainscale coincides with fifth
division of circular scale in figure (i). The circular division of
screw gauge are 50. It moves 0.5 mm on main scale in one
rotation. The diameter of the ball in figure (ii) is

(2006 - 3M, 1)

Figure (1)

Figure (i1)
(b) 220mm
(d) 125mm

A student performs an experiment for determination of

@ 225mm
(© 120mm

( 4n? ﬁ\
g Lz _T2 J . The error in length £ is A and in time T'is AT
and »n is number of times the reading is taken. The
measurement of g is most accurate for (2006 - 3M, —1)

Al AT n
(a) Smm 0.2 sec 10
(b) Smm 0.2 sec 20
(c) Smm 0.1 sec. 10
(d) 1mm 0.1 sec 50

A student performs an experiment to determine the Young's
modulus of a wire, exactly 2 m long, by Searle's method. Ina
particular reading, the student measures the extension in
the length of the wire to be 0.8 mm with an uncertainty
of £ 0.05 mm at a load of exactly 1.0 kg. The student also
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measures the diameter of the wire to be 0.4 mm with an
uncertainty of + 0.01 mm. Take g = 9.8 m/s? (exact). The
Young's modulus obtained from the reading is (2007)
(@ (20£03)x10"'N/m? (b) (2.0+0.2)x 10! N/m?
(¢) (20£0.1)x10""N/m? (d) (2.0£0.05)x 10" N/m?
Students I, I and III perform an experiment for measuring
the acceleration due to gravity (g) using a simple pendulum.
They use different lengths of the pendulum and /or record
time for different number of oscillations. The observations
are shown in the table. (2008)
Least count for length =0.1 cm
Least count for time=0.1s

Student

Total time | Time
for (n) [ period
oscillations| (s)

(s)

No. of
oscillations

(n)

Length of the
pendulum
(cm)

I 64.0 8 128.0 16.0

11 64.0 4 64.0 16.0

111 20.0 4 36.0 9.0

11.

12.

13.

IfE, E; and E ; are the percentage errorsin g, i.e.,

Ag \ )
? 2 IOOJ for students I, II and III, respectively, then

(@ E=0 (b) E,isminimum

() E~E; (d) Ejismaximum

A vernier calipers has 1 mm marks on the main scale. Ithas 20
equal divisions on the Vernier scale which match with 16 main
scale divisions. For this Vernier calipers, the least count is
(@) 0.02mm (b) 005mm (2010)
() 0.1mm (d) 02mm

The density of a solid ball is to be determined in an
experiment. The diameter of the ball is measured with a screw
gauge, whose pitch is 0.5 mm and there are 50 divisions on
the circular scale. The reading on the main scale is
2.5 mm and that on the circular scale is 20 divisions. If the
measured mass of the ball has a relative error of 2 %, the
relative percentage error in the density is (2011)
@ 09% (b) 24%

©) 31% d) 42%

In the determination of Young’s modulus (Y = Ml/cIing) by
T

using Searle’s method, a wire of length L =2 m and diameter
d=0.5 mm isused. For aload M=2.5kg, an extension /=
0.25 mm in the length of the wire is observed. Quantities d
and / are measured using a screw gauge and a micrometer,
respectively. They have the same pitch of 0.5 mm. The
number of divisions on their circular scale is 100. The
contributions to the maximum probable error of the ¥
measurement (2012)
(@) due to the errors in the measurements of d
and / are the same.

(b) due to the error in the measurement of d is twice that
due to the error in the measurement of / .

14.

15.

(¢) due to the error in the measurement of / is twice that
due to the error in the measurement of d.

(d) due to the error in the measurement of d is four times
that due to the error in the measurement of /.

The diameter of a cylinder is measured using a Vernier

callipers with no zero error. It is found that the zero of the

Vernier scale lies between 5.10 cm and 5.15 cm of the main

scale. The Vernier scale has 50 divisions equivalent to 2.45

cm. The 24t division of the Vernier scale exactly coincides

with one of the main scale divisions. The diameter of the

cylinder is (JEE Adv. 2013)
(a) 5112cm (b) 5.124cm
(¢) 5.136cm (d) 5.148cm

There are two Vernier calipers both of which have 1 cm di-
vided into 10 equal divisions on the main scale. The Vernier
scale of one of the calipers (C,) has 10 equal divisions that
correspond to 9 main scale divisions. The Vernier scale of
the other caliper (C,) has 10 equal divisions that correspond
to 11 main scale divisions. The readings of the two calipers
are shown in the figure. The measured values (in cm) by
calipers C, and C,, respectively, are (JEE Adv. 2016)

2 3 4
(o i

[TTTTTTET
0 5 10

(b) 2.87and2.83
(d) 2.87and2.87

(a) 2.85and2.82
(¢) 2.87and2.86

I» I MCQs with One or More than One Correct

4.

The dimensions of the quantities in one (or more) of the

following pairs are the same. Identify the pair (s)

(a) Torque and Work (1986 - 2 Marks)

(b) Angular momentum and Work

(¢) Energy and Young’s modulus

(d) Light year and Wavelength

The pairs of physical quantities that have the same

dimensions is (are) : (1995S)

(a) Reynolds number and coefficient of friction

(b) Curie and frequency of a light wave

(c) Latentheat and gravitational potential

(d) Planck’s constant and torque

The ST unit of inductance, the henry can be written as
(1998 - 2 Marks)

(b) volt-sec/amp

(d) ohm-second

(a) weber/ampere
(c) Joule/(ampere)?
Let [gq] denote the dimensional formula of the permittivity

of the vacuum, and [p,] that of the permeability of the

vacuum. If M'=mass, L =length, 7=time and /= electric
current, (1998 - 2 Marks)
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o P-3

@ [sol=M'L3T21 (b) [go]=M'L3 T4/

© [wel=MLT2 (@ [pol=MITI

A student uses a simple pendulum of exactly 1m length to
determine g, the acceleration due to gravity. He uses a stop
watch with the least count of 1 sec for this and records 40
seconds for 20 oscillations. For this observation, which of
the following statement(s) is (are) true? (2010)
(a) Error AT in measuring 7, the time period, is 0.05 seconds
(b) Error AT in measuring 7, the time period, is 1 second
(c) Percentage error in the determination of g is 5%
(d) Percentage error in the determination of g is 2.5%
Using the expression 2d sin 6 = A, one calculates the values
of d by measuring the corresponding angles 0 in the range
00 90°. The wavelength A is exactly known and the error in
0 is constant for all values of 0. As 0 increases from (0°
(JEE Adv. 2013)
(@) The absolute error in d remains constant
(b) The absolute error in d increases
(¢c) The fractional error in d remains constant
(d) The fractional error in d decreases
Planck’s constant A, speed of light ¢ and gravitational
constant G are used to form a unit of length L and a unit of
mass M. Then the correct option(s) is(are) (JEE Adv. 2015)

@ Mx Jo ) M« JG
© Lo g @ L« JG

Consider a Vernier callipers in which each 1 cm on the main

scale is divided into 8 equal divisions and a screw gauge

with 100 divisions on its circular scale. In the Vernier callipers,

5 divisions of the Vernier scale coincide with 4 divisions on

the main scale and in the screw gauge, one complete rotation

of the circular scale moves it by two divisions on the linear

scale. Then : (JEE Adv. 2015)

(a) Ifthe pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gaugeis 0.01 mm

(b) Ifthe pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gauge is 0.005 mm

(c) Ifthe least count of the linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.01 mm

(d) Ifthe least count of the linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.005 mm

In terms of potential difference ¥, electric current /, permittivity

€y, permeability u and speed of light c, the dimensionally

correct equation(s) is(are) (JEE Adv. 2015)

@ pol=¢g)V2 (b) pol=pgV
(© I=gx eV d) pyel=gyV

10. A length—scale (/) depends on the permittivity (g) of a

dielectric material. Boltzmann constant (kg), the absolute
temperature (T), the number per unit volume (n) of certain

charged particles, and the charge (q) carried by each of the
particles. Which of the following expression(s) for / is(are)
dimensionally correct? (JEE Ady. 2016)

2
nq ekgT
(@ I= SkBT] ®) I= _BJ

Ilq2

2 2
q q
1= |- = |4
© snkaT] d sn”3kBT]

11. Inanexperiment to determine the acceleration due to gravity

g, the formula used for the time period of a periodic motion is

7(R-r)
T=2n T5g The values of R and r are measured to be

(60+ 1) mm and (10 + 1) mm, respectively. In five successive
measurements, the time period is found to be 0.52s, 0.56s,
0.57s,0.54s and 0.59s. The least count of the watch used for
the measurement of time period is 0.01s. Which of the fol-
lowing statement(s) is (are) true? (JEE Adv. 2016)
(@) Theerror in the measurement of r is 10%

(b) The error in the measurement of T is 3.75%

(¢) Theerror in the measurement of T is 2%

(d) Theerror in the determined value of gis 11%

E Subjective Problems

Give the MKS units for each of the following quantities.
(1) Young’s modulus (1980)
(i) Magnetic Induction
(iii) Power of a lens
A gas bubble, from an explosion under water, oscillates with
a period T proportional to p?d®E€. Where P’ is the static
pressure, ‘d’ is the density of water and ‘E” is the total energy
of the explosion. Find the values of a, b and c.

(1981- 3 Marks)
Write the dimensions of the following in terms of mass,
time, length and charge (1982 - 2 Marks)
(i) magnetic flux
(i) rigidity modulus
Match the physical quantities given in column I with
dimensions expressed in terms of mass (M), length (L), time
(7), and charge (Q) given in column II and write the correct
answer against the matched quantity in a tabular form in
your answer book. (1983 - 6 Marks)

Column 1 Column I1
Angular momentum MI2T?
Latent heat MI2Q?
Torque MIL2T!
Capacitance MI3T-'Q?
Inductance MIL2T2Q?
Resistivity 2T

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

Topic-wise Solved Papers - PHYSICS

5.  Column-I gives three physical quantities. Select the surface area of wire in cm? to appropriate significant figure.
approprlate. units for Fhf: choices given in Column-II. Sorpe (user = 22 ). (2004 - 2 Marks)
of the physical quantities may have more than one choice 7
correct ; (1990 - 3 Marks) In Searle’s experiment, which is used to find Young’s
Column I Column II Modulus of elasticity, the diameter of experimental wire is D
Capacitance (i) ohm-second =0.05 cm (measured by a scale of least count 0.001 cm) and
Inductance (i) coulomb?—joule™! length is L =110 cm (measured by a scale of least count 0.1
Magnetic Induction (iii) coulomb (volt)™! cm). A weight of 50 N causes an extension of X=0.125 cm

(iv) newton (amp-metre)™! (measured by a micrometer of least count 0.001¢cm). Find
1 maximum possible error in the values of Young’s modulus.
(v) volt-second (ampere)
L ) o . o Screw gauge and meter scale are free from error.

6.  Ifnthdivision of main scale coincides with (r+1) divisions (2004 - 2 Marks)
ofyermgr scale. Given one main scale division is equal to‘a’ The side of a cube is measured by vernier callipers (10
units. Find the least count of the vernier. (2003 - 2 Marks) divisions of a vernier scale coincide with 9 divisions of main

7. A screw gauge having 100 equal divisions and a pitch of scale, where 1 division of main scale is 1 mm). The main

length 1 mm is used to measure the diameter of a wire of
length 5.6 cm. The main scale reading is 1 mm and 47 circular
division coincides with the main scale. Find the curved

scale reads 10 mm and first division of vernier scale coincides
with the main scale. Mass of the cube is 2.736 g. Find the
density of the cube in appropriate significant figures.

GP_3020

(2005 - 2 Marks)

F Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the statements in Column-II are
labelledp, q, v and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions
have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

1. Some physical quantities are given in Column I and some possible SI units in which these quantities may be expressed are given
in Column II. Match the physical quantities in Column I with the units in Column II and indicate your answer by darkening
appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007)

Column I
(A) GM,M, G — universal gravitational constant,
M, — mass of the earth, M, — mass of the Sun

P qQr s t

0OOO0
®OO®®
Q0OG®
®OO0®

Oaw»>

Column I1
(p) (volt) (coulomb)(metre)

3RT

B) Vi R — universal gas constant, (q) (kilogram) (metre)?(second)™

T — absolute temperature, M— molar mass

F2
© qz? , F—TForce, g— charge, B— magnetic field () (metre)? (second)
GM, . "
D) R’ G —universal gravitational constant, (s) (farad)(volt)? (kg)™!

(S
M, — mass of the earth, R, —radius of the earth

DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of

which ONLY ONE is correct.
2. Match List I with List I and select the correct answer using the codes given below the lists: (JEE Adv. 2013)
List1 List1I Codes:
P Boltzmann constant 1. [ML2T1] P Q R S
Q. Coefficient of viscosity 2. [MLIT] (a) 3 1 2 4
R Planck constant 3. [MLT3K] (b) 3 2 1 4
S.  Thermal conductivity 4, [ML?T2K] (©) 4 2 1 3
(d) 4 1 2 3
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G Comprehension Based Questions

®
where these quantities are in proper SI units.
(@) 800nm (b) 600nm
PASSAGE (©) 300nm (d 200nm

A dense collection of equal number of electrons and positive ions
is called neutral plasma. Certain solids containing fixed positive
ions surrounded by free electrons can be treated as neutral plasma.
Let ‘N’ be the number density of free electrons, each of mass ‘m’.
When the electrons are subjected to an electric field, they are
displaced relatively away from the heavy positive ions. If the
electric field becomes zero, the electrons begin to oscillate about
the positive ions with a natural angular frequency ‘o’ which is
called the plasma frequency. To sustain the oscillations, a time
varying electric field needs to be applied that has an angular
frequency o, where a part of the energy is absorbed and a part of
it is reflected. As @ approaches wpall the free electrons are set to
resonance together and all the energy is reflected. This is the
explanation of high reflectivity of metals. (2011)

1.  Taking the electronic charge as ‘e’ and the permittivity as
‘g,”. Use dimensional analysis to determine the correct
expression for o .

[Ne. meg /N_2 /N_2
@ Voer @ Ve @ Vg D g

2.  Estimate the wavelength at which plasma reflection will occur
for a metal having the density of electrons
N~ 4 x 102" m3. Taking £,= 10~!! and mass m ~ 1073,

I Section-B

Identify the pair whose dimensions are equal
(@) torqueand work  (b) stress and energy
(c) force and stress  (d) force and work

P
.

[2002]

2. Dimension of , where symbols have their usual

Ko®o
meaning, are [2003]
@ [L'T] ® [L7T%] © [PT?] @ [LT]
3.  The physical quantities not having same dimensions are
(a) torque and work [2003]
(b) momentum and planck’s constant
(c) stress and young’s modulus

(d) speed and (14080)_1/2

4.  Which one of the following represents the correct
dimensions of the coefficient of viscosity? [2004]

@ MLIT! () MLT! (oML T 2(d) ML2T2
5. Outofthe following pair , which one does NOT have identical

dimensions is [2005]

(a) impulse and momentum

(b) angular momentum and planck’s constant

(¢) work and torque

(d) moment of inertia and moment of a force

(towards north-west)

JEE Main / GIEEE

6.

i | Integer Value Correct Type

To find the distance d over which a signal can be seen clearly
in foggy conditions, a railways-engineer uses dimensions
and assumes that the distance depends on the mass density
p of the fog, intensity (power/area) S of the light from the
signal and its frequency /. The engineer finds that d is
proportional to S1/7. The value of nis  (JEE Adv. 2014)
During Searle’s experiment, zero of the Vernier scale lies
between 3.20 x 10~2 m and 3.25 x 102 m of the main scale.
The 20t division ofthe Vernier scale exactly coincides with
one of the main scale divisions. When an additional load of
2 kg is applied to the wire, the zero of the Vernier scale still
lies between 3.20 x 1072 m and 3.25 x 1072 m of the main scale
but now the 45t division of Vernier scale coincides with one
of the main scale divisions. The length of the thin metallic
wire is 2 m and its cross-sectional area is 8 x 107 m2. The
least count of the Vernier scale is 1.0 x 10~5 m. The maximum
percentage error in the Young’s modulus of the wire is
(JEE Adv. 2014)
The energy of a system as a function of time t is given as E(?)
= A% exp(-ot,) where . =0.2 s™!. The measurement of 4 has
an error of 1.25%. If the error in the measurement of time is
1.50%, the percentage error in the value of E(f) at =5 s is

(JEE Adv. 2015)

The dimension of magnetic field in M, L, T and C (coulomb)

is given as [2008]
(@) MLT-!C! (b) MT2C2
(c) MT-'C! (d MT2C!

A body of mass m = 3.513 kg is moving along the x-axis with
a speed of 5.00 ms™!. The magnitude of its momentum is
recorded as [2008]
(@ 17.6kgms’! (b) 17.565kgms!

() 17.56kgms™ (d) 17.57kgms™

Two full turns ofthe circular scale of a screw gauge cover a
distance of Imm on its main scale. The total number of
divisions on the circular scale is 50. Further, it is found that
the screw gauge has a zero error of — 0.03 mm. While
measuring the diameter of a thin wire, a student notes the
main scale reading of 3 mm and the number of circular scale
divisions in line with the main scale as 35. The diameter of

the wire is [2008]
(@ 332mm (b) 373mm
(¢) 367mm (d) 338mm

In an experiment the angles are required to be measured
using an instrument, 29 divisions of the main scale exactly
coincide with the 30 divisions of the vernier scale. If the
smallest division of the main scale is half- a degree (= 0.5°),
then the least count of the instrument is : [2009]
(a) halfminute (b) one degree

(¢) halfdegree (d) oneminute
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The respective number of significant figures for the numbers

23.023,0.0003 and 2.1 x 10-3are [2010]
@ 51,2 (b) 51,5
(© 5,52 (d) 4,42

A screw gauge gives the following reading when used to
measure the diameter of a wire.

Main scale reading : 0 mm

Circular scale reading : 52 divisions

Given that lmm on main scale corresponds to 100 divisions
of the circular scale. The diameter of wire from the above

data is: [2011]
(@ 0052cm (b) 0.026cm
(¢) 0.005cm (d) 0.52cm

Resistance of a given wire is obtained by measuring the
current flowing in it and the voltage difference applied across
it. If the percentage errors in the measurement of the current
and the voltage difference are 3% each, then error in the

value of resistance of the wire is : [2012]
(@) 6% (b) zero
© 1% d 3%

A spectrometer gives the following reading when used to
measure the angle of a prism. [2012]
Main scale reading : 58.5 degree

Vernier scale reading : 09 divisions

Given that 1 division on main scale correspondsto 0.5 degree.
Total divisions on the Vernier scale is 30 and match with 29
divisions of the main scale. The angle of the prism from the
above data :

(@) 58.59 degree (b) 58.77 degree

(c) 58.65 degree (d) 59degree

Let [ €, ] denote the dimensional formula of the permittivity

of vacuum. IfM =mass, L=1ength, T=time and A =electric
current, then: |JEE Main 2013]

@ e, =[MTL3T2A] (b) e =[M'L3T5A?]
) &=[M'L2T' A% d g =[M'L2T'A]

15.

16.

17.

I8.

A student measured the length of a rod and wrote it as 3.50
cm. Which instrument did he use to measure it?
[JEE Main 2014]

(a) A meter scale.

(b) A vernier calliper where the 10 divisions in vernier scale
matches with 9 division in main scale and main scale has
10 divisionsin 1 cm.

(c) A screw gauge having 100 divisions in the circular scale
and pitch as 1 mm.

(d) A screw gauge having 50 divisions in the circular scale
and pitch as 1 mm.

The period of oscillation of a simple pendulum is T= 2x \/E .
g
Measured value of L is 20.0 cm known to 1 mm accuracy and
time for 100 oscillations of the pendulum is found to be 90 s
using a wrist watch of 1s resolution. The accuracy in the

determination of g is : [JEE Main 2015]
@ 1% (b) %
©) 2% d) 3%

A student measures the time period of 100 oscillations of a
simple pendulum four times. The data set is90s,91s,95s,
and 92 s. Ifthe minimum division in the measuring clock is 1
s, then the reported mean time should be: [JEE Main 2016]
(@ 92 +18s (b) 92 + 3s
() 92 £2s (d 92 +£50s
A screw gauge with a pitch of 0.5 mm and a circular scale
with 50 divisions is used to measure the thickness of a thin
sheet of Aluminium. Before starting the measurement, it is
found that wen the two jaws of the screw gauge are brought
in contact, the 45t division coincides with the main scale
line and the zero of the main scale is barely visible. What is
the thickness of the sheet if the main scale reading is 0.5 mm
and the 25th division coincides with the main scale line?
[JEE Main 2016]
(b) 050mm
(d) 080mm

(@ 0.70mm
() 0.75mm
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| 2 LY- W JEE Advanced/ IIT-)EE
(c) 30° west of north (d) 60° east of north

1. Aparticle moves in acircle of radius R. In halfthe periodof 2. A boat which has a speed of 5 km/hr in still water crosses a

revolution its displacement is and distance river of width 1 km along the shortest possible path in 15
covered is ) (1983 - 2 Marks) minutes. The velocity of the river water in km/hr is

2. Four persons K, L, M, N are initially at the four corners ofa @ 1 (b) 3 (1988 - 1 Mark)
square of side d. Each person now moves with a uniform © 4 d Jal

speed v in such a way that K always moves directly towards

L, Ldirectly towards M, M directly towards N, and N directly 3. In1.0s,aparticle goes from point 4 to point B, moving ina
towards K. The four persons will meetatatime .............. semicircle of radius 1.0 m (see Figure). The magnitude of the

(1984- 2 Marks) average velocity A (1999S - 2 Marks)
3. Spotlight Srotates in a horizontal plane with constant angular (@ 3.14m/s
velocity of 0.1 radian/second. The spot of light P moves
along the wall at a distance of 3 m. The velocity of the spot
2.
Pwhen 9=45°(seefig.)is................. m/s ®) 20mss
¢ (1987 - 2 Marks) © 10mis
459 (d) Zero
B
4.  Aball isdropped vertically from a height d above the ground.
3m It hits the ground and bounces up vertically to a height d/2.
Neglecting subsequent motion and air resistance, its velocity
P A0 v varies with the height / above the ground as  (2000S )
SIS S v

N A
B True/False
i—)h

d
1.  Twoballs ofdifferent masses are thrown vertically upwards @ ] g (b) d
with the same speed. They pass through the point of
projection in their downward motion with the same speed - v
(Neglect air resistance). (1983 - 2 Marks) A 1

2.  Aprojectile fired from the ground follows a parabolic path.

The speed of the projectile is minimum at the top of its path. © d h ) d h
(1984 - 2 Marks) 2‘}

3.  Two identical trains are moving on rails along the equator . o T o
on the earth in opposite directions with the same speed. 5. A particie starts sliding down a frictionless inclined plane.

They will exert the same pressure on the rails. If S, is the distance travelled by it from time 7=n—1 sec to
(1985 - 3 Marks) t=nsec, theratio /S, is (2004S)
@) 2n-1 (b) 2n+1
C MCQs with One Correct Answer 2n+1 2n
1. Ariver is flowing from west to east at a speed of 5 metres © 2n (d) 2n+l1

per minute. A man on the south bank of the river, capable of 2n+1 ‘ 2n-1 o
swimming at 10 metres per minute in still water, wantsto  6- A body starts from rest at time ¢ = 0, the acceleration time

swim across the river in the shortest time. He should swim graph is shown in the figure. The maximum velocity attained
in a direction (1983 - 1 Mark) by the body will be (20045)
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@ 110m/s Acceleration o range is less than half the disc radius, and (iii) ® remains
(m/sz) 10 constant throughout. Then (2012)
(b) 55m/s y
(¢) 650m/s é_,
T gt *
(d) 550m/s ( ‘me)
sec.
The velocity-displacement graph of a particle moving (@) P lands in the shaded region and Q in the unshaded
along a straight line is shown (2005S) region.
4 (b) P lands in the unshaded region and Q in the shaded
region.
™ (¢) Both P and Q land in the unshaded region.
(d) Both P and Q land in the shaded region.
M 1)l MCQs with One or More than One Correct
%o . . : :
The most suitable acceleration-displacement graph willbe ~ 1- A particle is moving eastwards with a velocity of 5 m/s. In
! - 10s the velocity changes to 5 m/s northwards. The average
A acceleration in this time is (1982 - 3 Marks)
£ (@) zero
@) (b) b 1/ V2 m/s? towards north-west
(c) 1/4/2 m/s?towards north-east
X 1
d —m/ s towards north-west
a a 2
A A 1
| X L (e) Em/s2 towards north
© @ 2. Aparticle of mass m moves on the x-axis as follows : it starts
\ from rest at # = 0 from the point x =0, and comes to rest at
t=1at the point x = 1. NO other information is available about
Two identical discs of same radius R are rotating about their its motion at intermediate times (0 <t< 1). If o denotes the
axes in opposite directions with the same constant angular instantaneous acceleration of the particle, then:
speed . The discs are in the same horizontal plane. At time . | (1993-2 Marks)
1=0, the points P and Q are facing each other as shown in (a) o cannot remain positive for all ¢ in the interval
the figure. The relative speed between the two points P and 0<r<l ) o h
Qisv,. In one time period (T) of rotation of the discs, v, asa (b) || cannot exceed 2 at any pointin its path.
function of time is best represented by (2012) (c) o mustbe >4 at some point or points in its path.
(d) o must change sign during the motion, but no other
/\\S’ (’f/_\ assertion can be made with the information given.
3.  The coordinates of a particle moving in a plane are given by

@ Y ) (b)

Aa's
YYYY

Consider a disc rotating in the horizontal plane with a
constant angular speed o about its centre O. The disc hasa
shaded region on one side of the diameter and an unshaded
region on the other side as shown in the figure. When the
disc is in the orientation as shown, two pebbles P and Q are
simultaneously projected at an angle towards R. The velocity
of projection is in the y-z plane and is same for both pebbles
with respect to the disc. Assume that (i) they land back on
the disc before the disc has completed 1/8 rotation, (ii) their

© OWYY\ )

t

x(9)=acos(pt) and y (f)= b sin (pt) where a, b (< a) and p are
positive constants of appropriate dimensions. Then
(1999S - 3 Marks)

(a) the path of the particle is an ellipse

(b) the velocity and acceleration of the particle are normal
to each other at 1= 1/(2p)

(c) the acceleration of the particle is always directed
towards a focus

(d) the distance travelled by the particle in time interval
t=0tot=7/(2p)isa

E Subjective Problems

A car accelerates from rest at a constant rate o for some time
after which it decelerates at a constant rate 3 to come to
rest. Ifthe total time lapse is ¢ seconds, evaluate.  (1978)
() maximum velocity reached, and

(i) the total distance travelled.

The displacement x of particle moving in one dimension,
under the action of a constant force is related to the time ¢
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by the equation ¢ = Jx+3 (1979)

where x is in meters and ¢ in seconds. Find

(1) The displacement of the particle when its velocity is
zero, and

(i) The work done by the force in the first 6 seconds.

Answer the following giving T

reasons in brief : °
E

Is the time variation of position, =

shown in the figure observed

in nature? (1979) — p——

. OF

Particles P and Q of mass 20 gm and 40 gm respeLc ively are

simultaneously projected from points 4 and B on the ground.

The initial velocities of P and Q make 45° and 135° angles

respectively with the horizontal 4B asshown in the figure.
Each particle has an initial speed 0of49 m/s. The separation

ABis245m. (1982 - 8 Marks)
P Q
450 135°
(]
A B

Both particle travel in the same vertical plane and undergo a
collision After the collision, P retraces its path, Determine
the position of Q when it hits the ground. How much time
after the collision does the particle Q take to reach the
ground? Take g=9.8 m/s?.

Two towers AB and CD are situated a distance d apart as
shown in figure.

AB 1520 m high and CD is 30 m high from the ground. An
object of mass m is thrown from the top of 4B horizontally
with a velocity of 10 m/stowards CD. (1994 - 6 Marks)
Simultaneously another object

of mass 2 m is thrown from the

top of CD at an angle of 60° to

the horizontal towards 4B with

the same magnitude of initial 4
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. B
(1) Calculate the distance ‘d’ between the towers and,
(i) Find the position where the objects hit the ground.
Two guns, situated on the top of a hill of height 10 m, fire

(Z—)D

one shot each with the same speed 5 J§ 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 a point P. Find (i) the time-interval between
the firings, and (i1) 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. (1996 - 5 Marks)
A large, heavy box is sliding without friction down a smooth
plane of inclination 6. From a point P on the bottom of the
box, a particle is projected inside the box. The initial speed
of the particle with respect to the box is u, and the direction

of projection makes an angle o with the bottom as shown in
Figure. (1998 - 8 Marks)

—\ > °
0

(a) Find the distance along the bottom of the box between
the point of projection P and the point Q where the
particle lands. (Assume that the particle does not hit
any other surface of the box. Neglect air resistance.)

(b) Ifthe horizontal displacement of the particle as seen
by an observer on the ground is zero, find the speed of
the box with respect to the ground at the instant when
particle was projected.

An object 4 is kept fixed at the pointx =3 mand y=1.25m

on a plank P raised above the ground. At time ¢= 0 the plank

starts moving along the +x direction with an acceleration

1.5 m/s?. At the same instant a stone is projected from the

origin with a velocity z as shown. A stationary person on

the ground observes the stone hitting the object during its
downward motion at an angle of 45° to the horizontal. All
the motions are in the X=Y plane. Find # and the time after

which the stone hits the object. Take g= 10 m/s

(2000 - 10 Marks)

y A
'y —
125 m P
—>
i
> X
O 3.0m

On a frictionless horizontal surface, assumed to be the x-y
plane, a small trolley 4 is moving along a straight line parallel
to the y-axis (see figure) with a constant velocity of

(\/g —1) m/s. At a particular instant, when the line O4 makes

an angle of 45° with the x-axis, a ball is thrown along the
surface from the origin O. Its velocity makes an angle ¢ with
the x-axis and it hits the trolley.

(@) The motion of the ball is
observed from the frame
of the trolley. Calculate A
the angle 6 made by the .
velocity vector of the ball
with the x-axis in this
frame.

(b) Find the speed of the ball
with respect to the ",,«\"450
surface, if ¢ = 40/4. O <
(2002 - 5 Marks)
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Assertion & Reson Type Questions

STATEMENT-I : For an observer looking out through the
window of a fast moving train, the nearby objects appear to
move in the opposite direction to the train, while the distant
objects appear to be stationary.

STATEMENT-2 : If the observer and the object are moving

at velocities ;1 and ;2 respectively with reference to a
laboratory frame, the velocity of the object with respect to

(2008)

(a) Statement-1 is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statementl] is True, Statement-2 is True; Statement-2 is
NOT a correct explanation for Statement-1

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

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

Integer Value Correct Type

A train is moving along a straight line with a constant
acceleration ‘a’. A boy standing in the train throws a ball
forward with a speed of 10 m/s, at an angle of 60° to the
horizontal. The boy has to move forward by 1.15 m inside
the train to catch the ball back at the initial height. The
acceleration of the train, in m/s2, is (2011)

the observeris v, — v, .

Section-B

A ball whose kinetic energy is E, is projected at an angle of
45° to the horizontal. The kinetic energy of the ball at the
highest point of its flight will be [2002]

@ E (b) E/N2 (c) ER (d) zero.
From a building two balls 4 and B are thrown such that 4 is
thrown upwards and B downwards (both vertically with the
same speed). If v, and v are their respective velocities on
reaching the ground, then [2002]
@ vg>v, (b) vy=vg (0 v,>vp

(d) their velocities depend on their masses.

A car, moving with a speed of 50 km/hr, can be stopped by
brakes after at least 6 m. Ifthe same car is moving at a speed
of 100 km/hr, the minimum stopping distance is [2003]
(@ 12m (b) 18m  (c) 24m (d) 6m

A boy playing on the roof ofa 10 m high building throws a
ball with a speed of 10m/s at an angle of 30° with the
horizontal. How far from the throwing point will the ball be
at the height of 10 m from the ground ? [2003]

[g= 10m/s2, sin30° = %, cos30° = ?]

@ 520m
) 260m

(b)4.33m
(d)8.66m

JEE Main / GIEEE

S

Airplanes 4 and B are flying with constant velocity in the
same vertical plane at angles 30° and 60° with respect to the
horizontal respectively as shown in figure. The speed of 4 is

100+/3 m/s. At time =0 s, an observer in 4 finds B at a

distance of 500 m. The observer sees B moving with a

constant velocity perpendicular to the line of motion of 4. If

atz =1, A just escapes being hit by B, ¢, in seconds is
(JEE Adv. 2014)

A 60°

A rocket is moving in a gravity free space with a constant
acceleration of 2 m/s? along +x direction (see figure). The
length of a chamber inside the rocket is 4 m. A4 ball is thrown
from the left end of the chamber in +x direction with a speed
of 0.3 m/s relative to the rocket. At the same time, another
ball is thrown in—x direction with a speed of 0.2 m/s from its
right end relative to the rocket. The time in seconds when
the two balls hit each other is (JEE Adv. 2014)

0.3 m/s

0.2 m/s | a=2 m/s?
o—p <+

—X

< >
< >

The co-ordinates of a moving particle at any time ‘#’are given
by x= ar® and y= Bt3 . The speed of the particle at time

‘t’ is given by [2003]
(b) 3r2\a?+p?

@ 3ra?+p?
© 2Jo?+p? d ya?+p2

A ball is released from the top of a tower of height h meters.
It takes 7 seconds to reach the ground. What is the position

T
of the ball at 3 second [2004]

8h
K} meters from the ground

(@)
Th
(b) 5 meters from the ground

h
(c) 9 meters from the ground

17h
(d) 18 meters from the ground

If Ax B =Bx A, then the angle between A and Bis [2004]

T

@ 7

T T
(@) 5 (b) 3 (¢ = 2
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o p-11

d) K4

[2007]

Motion

8. A projectile can have the same range ‘R’ for two angles of  16. A particle is projected at 60°to the horizontal with a kinetic
projection. If ‘7" and ‘T’ to be time of flights in the two energy K. The kinetic energy at the highest point is [2007]
cases, then the product of the two time of flights is directly @ KR (b) K (¢) Zero
proportional to. [2004] 17. The velocity ofa particle isv=v, +gt+ fi2. Ifits position is

: x=0at¢=0, then its displacement after unit time (¢=1) is
_ — (@ vytgl2+f (b) vy+2g+3f

@ R ® % © % @ g (c) v +gl2+ /13 (d) v +g+f

10.

11.

12.

13.

14.

15.

Which of the following statements is FALSE for a particle
moving in a circle with a constant angular speed ?

[2004]
(@) Theacceleration vector points to the centre of the circle
(b) The acceleration vector is tangent to the circle
(c) The velocity vector is tangent to the circle
(d) The velocity and acceleration vectors are perpendicular

to each other.

An automobile travelling with a speed of 60 km/h, can brake
to stop within a distance of 20m. Ifthe car is going twice as
fasti.e., 120 km/h, the stopping distance willbe ~ [2004]
(@) 60m (b) 40m (©) 20m (d) 80m
A ball is thrown from a point with a speed 'vy' at an
elevation angle of 6. From the same point and at the same

instant, a person starts running with a constant speed TO

to catch the ball. Will the person be able to catch the ball? If
yes, what should be the angle of projection 0 ? [2004]

(a) No (b) Yes,30° (¢) Yes,60° (d) Yes,45°
A car, starting from rest, accelerates at the rate f through a
distance S, then continues at constant speed for time t and
then decelerates at the rate % to come to rest. If the total
distance traversed is 15 S, then [2005]
1
@ S=f’ (b) S=f1
s=1p? d) S=—fP
© S=7 @ 5=

A particle is moving eastwards with a velocity of 5 ms™!.In

-1 northwards.
[2005]

10 seconds the velocity changes to 5 ms
The average acceleration in this time is

1 2
a —ms
(@ 5

towards north

(b) Lms‘2 towards north - east
2

1 _
(c) —ms 2 towards north - west

V2

(d) zero

The relation between time t and distance x is 1= ax’ + bx
where a and b are constants. The accelerationis [2005]

@ 203 () -2abv? (©) 2a (d) -2av
A particle located at x=0 at time =0, starts moving along
with the positive x-direction with a velocity 'v' that varies as

v=o~/x . The displacement of the particle varies with time
as [2006]
@2 b (o 17 @ 7

18.

19.

20.

A body isatrestatx =0. At t— 0, it starts moving in the
positive x-direction with a constant acceleration. At the same
instant another body passes through x = 0 moving in the
positive x-direction with a constant speed. The position of
the first body is given by x(?) after time ‘¢’; and that of the
second body by x,(?) after the same time interval. Which of
the following graphs correctly describes (x; — x,) as a

function of time ‘#*? [2008]
(x;—x,) (x;—xy)

@ —5 r ) —5 / ,
(x;—x,) (x;—xy)

© o/_\\' @ —; :

Consider a rubber ball freely falling from a height 7=4.9m
onto a horizontal elastic plate. Assume that the duration of
collision is negligible and the collision with the plate is totally
elastic.

Then the velocity as a function of time and the height as a
function of time will be : [2009]

v y

N\/\

T’V Vs W
A h A

A partlcle has an initial velocity of 3j+4; and an
[2009]
(@) 72 units (b) 7units (c) 8.5 units (d) 10 units

acceleration of 0.4{ + 0.3 . Its speed after 10sis:
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A particle is moving with velocity v = k(yi + x7) , wherek
is a constant. The general equation for its pathis  [2010]
(@) y=x2+ constant (b) y*=x+ constant

(¢) xy = constant (d) y*=x% + constant

A point P moves in counter-clockwise direction on a circular
path as shown in the figure. The movement of 'P' is such
that it sweeps out a length s=#3 + 5, where s is in metres and
t is in seconds. The radius of the path is 20 m. The

acceleration of 'P' when =2 sis nearly. [2010]
J]
(@ 13m/s?
B
(b) 12m/s?
() 72ms?
(d) 14m/s? l x

For a particle in uniform circular motion, the acceleration g
ata point P(R,0) on the circle of radius R is (Here 6 is measured
from the x-axis) [2010]

2 2 2 2
v AV o Vv Y. .
a) ——cosO i +—sinb j b) ——sin® i+—cos0
@ - S iy B) —psind/i + essty
2 2 2 2
\% AV A VoA VT oA
¢) ——cosO i——sin®; (d) —i+—j
© % i-gn8s @ vy

A small particle of mass m is projected at an angle 0 with the
x-axis with an initial velocity v, in the x-y plane as shown in

. in@
the figure. Atatime ¢ < Yo S1n , the angular momentum of
the particle is [2010]
@ —mgvyt* cos6 ] YA
(b) mg Vot cos ok Vo
1 ) ~

() - Emgvot cosfk

| ]l o g
(d) 5 mgVot” cos i X

where f,j' and k are unit vectors along x, y and z-axis

respectively.
An object, moving with a speed of 6.25 m/s, is decelerated

at arate given by; [2011]
dv . . .
e ~2.5Vv where v is the instantaneous speed. The time
taken by the object, to come to rest, would be:

(a 2s (b) 4s (c) 8s (d 1s

A water fountain on the ground sprinkles water all around
it. Ifthe speed of water coming out of the fountain is v, the

total area around the fountain that gets wet is : [2011]

@ o 0 @

a = 52 () "3 T—
Z 32 ©rz @

A boy can throw a stone up to a maximum height of 10 m.
The maximum horizontal distance that the boy can throw
the same stone up to will be : [2012]

@ 20/2m (b) 10m (c) 1042 m (d) 20m

28.

29.

30.

31.

32.

Two cars of mass m, and m, are moving in circles of radiir,
and r,, respectively. Their speeds are such that they make
complete circles in the same time ¢. The ratio of their
centripetal acceleration is

@ myr: myr, (b) m:m,

© rn d 1:1

A particle of mass m is at rest at the origin at time
t=0. Itis subjected to a force F(£)= FOe‘b’ in the x direction.
Its speed v(?) is depicted by which of the following curves?

Folo Fol......
mb mb
© ot @ o(pf
r—» t —»

A projectile is given an initial velocity of (7 + 2 j)m/s, where

; isalongthe groundand ; isalong the vertical. If g=10
m/s2, the equation of its trajectoryis :  [JEE-Main 2013]

@ y=x-5x* (b) y=2x-5x*
(© 4y=2x—5x> (d) 4y=2x-25x"
From a tower of height H, a particle is thrown vertically
upwards with a speed u. The time taken by the particle, tohit
the ground, is n times that taken by it to reach the highest
point of its path. The relation between H, u and n is:
[JEE Main 2014]

(@ 2gH=n’u’ (b) gH=(n-2)"v?

(¢) 2gH=mu’(n-2) (d) gH=(n-2)u’

Two stones are thrown up simultaneously from the edge of a
cliff 240 m high with initial speed of 10 m/s and 40 m/s
respectively. Which of the following graph best represents
the time variation of relative position of the second stone
with respect to the first ?

(Assume stones do not rebound after hitting the ground and
neglect air resistance, take g= 10 m/ 52)

(The figures are schematic and not drawn to scale)

[JEE Main 2015]
4

@ oGz, ®  o,yym

8 12 >1(s)
l —
(©) (y,—y;)m d) o2 ¥Im
240
«s)
t— 12 t(s) 12
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CHAPTER
Laws of Motion

JEE Advanced/ IIT-JEE

I Section-A

MCQs with One Correct Answer

A Fill in the Blanks C

(b), mis lifted up by pulling the other end of the rope with
a constant downward force F'=2 mg. The acceleration of m
is the same in both cases (1984 - 2 Marks)

(b)

A block of mass 1 kg lies on a horizontal surface inatruck. 1. A ship ofmass 3 x 107 kg initially at rest, is pulled by a force
The coefficient of static friction between the block and the of 5 x 10*N through a distance of 3m. Assuming that the
surface is 0.6. If the acceleration of the truck is 5 m/s?, the resistance due to water is negligible, the speed of the ship is
frictional force acting on the block is ..... newtons. (1980)
(1984 - 2 Marks) ga; (1)? mjsec. 8; gO n/llsec.
. . . c) 0.1 m/sec. m/sec.
A uniform'redio lengt.h ’ and.densny oy be?ng pulied 2. Ablock of mass 2 kg rests on a rough inclined plane making
along a smooth floor with a horizontal acceleration o (see an angle of 30° with the horizontal. The coefficient of static
Fig.) The magnitude of the stress at the transverse cross- friction between the block and the plane is 0.7. The frictional
section through the mid- point ofthe rod is ......... force on the block is
(1293 gl Marl) (@ 98N (®) 0.7x9.8x+3N
k—1r —f (© 9.8x3N (d) 07x9.8N (1980)
§ 3. Ablock of mass0.1 is held against a wall applying a horizontal
- 5 force of 5 N on the block. Ifthe coefficient of friction between
the block and the wall is 0.5, the magnitude of the frictional
T T T TT T 7777 force acting on the block is : (1994 - 1 Mark)
(@ 25N (b) 098N
4. A small block is shot into each of the four tracks as shown
A rocket moves forward by pushing the surrounding air below. Each of the tracks rises to the same height. The
backwards. (1980) speed with which the block enters the track is the same in all
When a person walks on a rough surface, the frictional force cases. At the highest point of the track, the normal reaction
exerted by the surface on the person is opposite to the ismaximum in (2001S)
direction of his motion. (1981 - 2 Marks)
A simple pendulum with a bob of mass m swings with an
angular amplitude of 40°. When its angular displacement is (@
20°, the tension in the string is greater than mg cos 20°.
(1984 - 2 Marks)
The pulley arrangements of Figs. (a) and (b) are identical.
The mass of the rope is negligible. In (a) the mass m is lifted
up by attaching a mass 2m to the other end of the rope. In 5.  An insect crawls up a hemispherical surface very slowly

(see fig.). The coefficient of friction between the insect and
the surface is 1/3. If the line joining the center of the
hemispherical surface to the insect makes an angle o with
the vertical, the maximum possible value of a is given by

(2001S)

(b) tana=3
(d) coseca=3

(@) cota=3
(c) seca=3

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

10.

11.

Downloaded From : www.EasyEngineering.net

Topic-wise Solved Papers - PHYSICS

The pulleys and strings shown in the figure are smooth and
of negligible mass. For the system to remain in equilibrium,
(2001S)

the angle 6 should be

N

@ 0°
(b) 30°
(c) 45°

d 6  m

A string of negligible mass going over a
clamped pulley of mass m supports a block
of mass M as shown in the figure. The

force on the pulley by the clamp is given
by (2001S)

(@ ﬁMg (b) J2mg

© JM+m) +m® g D JM+m) +M g
What is the maximum value of the force F such that the
block shown in the arrangement, does not move?

¥ (2003S)
D1
60° 53
m =/ 3kg v
(@ 20N (b) 10N
(c) I2N (d) 15N

A block P of mass m is placed on a horizontal frictionless
plane. A second block of same mass m is placed on it and is
connected to a spring of spring constant &, the two blocks
are pulled by distance 4. Block Q oscillates without slipping.
What is the maximum value of frictional force between the
two blocks. (2004S)

Qlar
P

(@) kA2 (b) kA
(©) umg (d) zero
The string between blocks of mass m
and 2m is massless and inextensible.
The system is suspended by a
massless spring as shown. Ifthe string
is cut find the magnitudes of
accelerations of mass 2m and m
(immediately after cutting)

(2006 - 3M, —1)

C lom

C1m
g g g &
@ g¢g b &5 © 5.8 @ 5.5
Two particles of mass m each are tied at the ends of a light
string of length 2a. The whole system is kept on a frictionless
horizontal surface with the string held tight so that each mass
isat a distance 'a' from the centre P (as shown in the figure).
Now, the mid-point of the string is pulled vertically upwards
with a small but constant force F. As aresult, the particles

12.

13.

14.

15.

move towards each other on the surface. The magnitude of
acceleration, when the separation between them becomes

2x, is (2007)
F a F

@ 22
M \a* —x
F

b ———X m » m
2m \g* 2 O @)

e—c——3i

F x a a

© 2ma
F Ja* —x*

@ -, 5
m X

A particle moves in the X-Y plane under the influence of a
force such that its linear momentum is
P(t) = A[i cos(kt) - jsin(kt)], where A and kare constants.
The angle between the force and the momentum is (2007)
(@ 0 (b) 30°
(c) 45° d 9
Ablock of base 10 cm x 10 cm and height 15 cm is kept on an
inclined plane. The coefficient of friction between them is
/3. The inclination 8 of this inclined plane from the
horizontal plane is gradually increased from 0°. Then
(2009)
(a) at©=30°, the block will start sliding down the plane
(b) theblock will remain at rest on the plane up to certain 6
and then it will topple
(c) atB=060°, the block will start sliding down the plane
and continue to do so at higher angles
(d) at©=060°, the block will start sliding down the plane
and on further increasing 6, it will topple at certain 6.
A block of mass m is on an inclined plane of angle 6. The
coefficient of friction between the block and the plane is p
and tan 6 > p. The block is held stationary by applying a
force P parallel to the plane. The direction of force pointing
up the plane is taken to be positive. As P is varied from
P, = mg(sin® — p cosb ) to P, = mg(sin6 + p cos6), the
frictional force fversus P graph will look like (2010)

s fwi

L;
la=]

@ [~ (b)

Dy

AN

© R

A ball of mass (m) 0.5 kg is attached to
the end of a string having length (L)
0.5 m. The ball is rotated on a
horizontal circular path about vertical
axis. The maximum tension that the
string can bear is 324 N. The maximum

possible value of anguar velocity of

ball (in radian/s) is (2011)
(@ 9 (b) 18 m
() 27 (d 36
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o pP-15

16. The image of an object, formed by a plano-convex lens at a

1.

distance of 8 m behind the lens, is real is one-third the size of

2
the object. The wavelength of light inside the lens is 3

times the wavelength in free space. The radius of the curved
surface of the lens is (JEE Adv. 2013)
(@ Im
() 3m

(b) 2m
(d) 6m

1 » I MCQs with One or More than One Correct

In the arrangement shown in the Fig, the ends P and Q ofan
unstretchable string move downwards with uniform speed
U. Pulleys 4 and B are fixed. (1982 -3 Marks)
Mass M moves upwards with a speed

(a) 2Ucos 6
(b) U/cos

(¢) 2U/cos®

(d) Ucos0

A reference frame attached to the earth (1986 - 2 Marks)
(@) isaninertial frame by definition.
(b) cannot be an inertial frame because the earth is
revolving round the sun.
(c) isaninertial frame because Newton’s laws are applicable
in this frame.
(d) cannot be an inertial frame because the earth is rotating
about its own axis.
A simple pendulum of length L and mass (bob) M is
oscillating in a plane about a vertical line between angular
limit—¢ and +¢ . For an angular displacement @ (|0 < ¢ ),
the tension in the string and the velocity of the bob are T’
and Vrespectively. The following relations hold good under
the above conditions : (1986 - 2 Marks)
(@ Tcos 9 =Mg.
2
(b) T-Mgcos 9 = MVT
(¢) The magnitude ofthe tangenial acceleration of the bob
lar | =gsin @
(d T=Mgcos 0
A particle P is sliding down a frictionless hemispherical bowl.
It passes the point 4 at = (. At this instant of time, the
horizontal component of its velocity is v. A bead Q of the
same mass as P is gjected from 4 at #=0 along the horizontal
string AB, with the speed v. Friction between the bead and
the string may be neglected. Let 7, and 7, be the respective
times taken by P and Q to reach the point B. Then :
(1993-2 Marks)

@) tp<t

¢ A Q B
by tp=1py
() tp> tQ P ¢

tp _ length of arc ACB
() 4, " length of arc 4B

A small block of mass of 0.1 kg lies on a fixed inclined plane
PQ which makes an angle 6 with the horizontal. A horizontal
force of 1 N acts on the block through its centre of mass as
shown in the figure. (2012)
The block remains stationary if (take g = 10 m/s?)
(@) 0=45°
(b) 6>45°andafrictional Q

force acts on the block

towards P.
(¢) 06>45°anda frictional

force acts on the block [~

towards Q. O P
(d) 6<45°anda frictional force acts on the block towards Q.
A wire, which passes through thehole
in a small bead, is bent in the form of []
quarter of a circle. The wire is fixed
vertically on ground as shown in the
figure. The bead is released from near
the top of the wire and it slides along
the wire without friction. As the bead 90°
moves from 4 to B, the force it applies ™ B
on the wire is (JEE Ady. 2014) '
(a) alwaysradially outwards
(b) alwaysradially inwards
(¢) radially outwards initially and radially inwards later
(d) radially inwards initially and radially outwards later

E Subjective Problems

In the diagram shown, the

blocks 4, B and C weight,

3 kg, 4 kg and 5 kg

respectively. The coefficient f
of sliding friction between

any two surface is 0.25. 4 is held at rest by a massless rigid
rod fixed to the wall while B and C are connected by a light
flexible cord passing around a frictionless pulley. Find the
force F necessary to drag C along the horizontal surface to
the left at constant speed. Assume that the arrangement
shown in the diagram, B on C and 4 on B, is maintained all
through. (g=9.8 m/s?) (1978)
Two cubes of masses m; and
m, be on two frictionless
slopes of block 4 which rests
on a horizontal table. The
cubes are connected by a
string which passes over a
pulley as shown in the figure.
To what horizontal acceleration
f should the whole system (that is blocks and cubes) be
subjected so that the cubes do not slide down the planes.
What is the tension of the string in this situation? (1978)
A horizontal uniform rope of length L, resting on a
frictionless horizontal surface, is pulled at one end by force
F. What is the tension in the rope at a distance / from the
end where the force is applied? (1978)
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Masses M,, M, and M, are connected by strings of negligible
mass which pass over massless and friction less pulleys P,
and P, as shown in fig The masses move such that the
portion of the string between P, and P, in parallel to the
inclined plane and the portion of the string between P, and
M, is horizontal. The masses M, and M, are 4.0 kg each and
the coefficient of kinetic friction between the masses and
the surfaces is 0.25. The inclined plane makes an angle of
37° with the horizontal. (1981- 6 Marks)

7y
If the mass M, moves downwards with a uniform velocity,
find
() the massof M,
(i) The tension in the horizontal portion of the string
(g=9.8 m/sec?, sin 37° ~ 3/5)

A particle of mass m rests on a horizontal floor with which it
has a coefficient of static friction W . It is desired to make the

body move by applying the minimum possible force F. Find
the maguitude of F and the direction in which it has to be
applied. (1987 - 7 Marks)
Two blocks of mass 2.9 kg and 1.9 kg are
suspended from a rigid support S by two
inextensible wires each of length 1 meter, see
fig. The upper wire has negligible mass and
the lower wire has a uniform mass of 0.2 kg/m.
The whole system of blocks wires and
support have an upward acceleration of 0.2
m/s%. Acceleration due to gravity is 9.8 m/s%.

S
/777777177774

BT

(1989 - 6 Marks)

|l.9 kgl

(1) Find the tension at the mid-point of the

lower wire.
(i) Find the tension at the mid-point of the

upper wire.
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 of
60° with the vertical. The
spring constant K= mg/R.
Consider the instant when the ¢
ring is released, and (i) draw
the free body diagram of the P
ring, (ii) determine the
tangential acceleration of the
ring and the normal reaction.

(1996 - 5 Marks)

10.

11.

A particle of mass 102 kg is moving along the positive x
axis under the influence of a force F(x) = — K/(2x%) where
K=10"2Nm? Attime¢=0itis atx=1.0 m and its velocity
isv=0. (1998 - 8 Marks)
(a) Find its velocity when it reaches x=0.50 m.
(b) Find the time at which it reaches x=0.25m.
In the figure masses m,, m, and Mare 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 perfectly horizontal
between P, and m, and also between P, and m,. The string
is perfectly vertical between P, and P,. An external horizontal
force F is applied to the mass M. Take g= 10 m/s%.

(2000 - 10 Marks)

m
P, 1

P, M —>F

m,

LITT777777TTTT777 7777777777777 717777777 7177777777771777

(@) Drawa free body diagram for mass M, clearly showing
all the forces.

Let the magnitude of the force of friction between m,
and Mbe f; and that between m, and 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 acceleration of the masses.
Two block 4 and B of equal masses are placed on rough
inclined plane as shown in figure. When and where will the
two blocks come on the same line on the inclined plane
if they are released simultaneously? Initially the block 4

is 4/2 m behind the block B. Co-efficient of kinetic

friction for the blocks 4 and B are 0.2 and 0.3 respectively
(g=10m/s?). (2004 - Marks)

(b)

A circular disc with a groove along its diameter is placed

horizontally on a rough surface. A block of mass 1 kg is

placed as shown. The co-efficient of friction between the

block and all surfaces of groove and horizontal surface in
2

contact is p = 5 The disc has an acceleration of 25 m/s?

towards left. Find the acceleration of the block with respect

. . 4 . 3
to disc. Given €0s0 = 3 sin6 = 3 (2006 - 6M)

25 m/s2

0
S~
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|38 Match the Following

DIRECTIONS (Q. No. 1) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of

which ONLY ONE is correct.

1. Ablock of mass m, = 1 kg another mass m, = 2 kg, are placed together (see figure) on an inclined plane with
angle of inclination 6. Various values of @ are given in List-I. The coefficient of friction between the block m,
and plane is always zero. The coefficient of static and dynamic friction between the block m, and the plane
are equal to u=0.3. In List-II expressions for the friction on block m, are given. Match the correct expression
ofthe friction in List-II with the angles given in List-1, and choose the correct option. The acceleration due

to gravity is denoted by g.

[Useful information: tan (5.5°) =~ 0.1;tan (11.5°) =~ 0.2; tan (16.5°) ~ 0.3]

(JEE Adv. 2014)

List-1 List-11
P. 6=5° I. m,gsin®
Q 6=10° 2. (my+m,)gsin®
R 06=15° 3.  umyg cosd
S. 6=20° 4. Ww(m, +m,)gcosd

Code:
(a P-1,Q-1,R-1,S-3

G Comprehension Based Questions

PARAGRAPH
A frame of reference that is accelerated with respect to an inertial
frame of reference is called a non-inertial frame of reference. A
coordinate system fixed on a circular disc rotating about a fixed
axis with a constant angular velocity ® is an example of non-
inertial frame of reference. The relationship between the force

Frot €xperienced by a particle of mass m moving on the rotating

disc and the force F;, experienced by the particle in an inertial
frame of reference is

Frot = Fin +2m (;’rot X 6) + m((T) X ;) X®.
where v, is the velocity of the particle in the rotating frame of

reference and | is the position vector ofthe particle with respect
to the centre of the disc.

Now consider a smooth slot along a
diameter of a disc of radius Rrotating
counter-clockwise with a constant
angular speed o about its vertical
axis through its center. We assign a
coordinate system with the origin
at the center of the disc, the x-axis
along the slot, the y-axis
perpendicular to the slot and the z-axis along the rotation axis

(0]

(6 =0 f() . A small block of mass m is gently placed in the slot at

;(R / 2): att=0 and is constrained to move only along the slot.
1. The distance r of the block at timetis  (JEE Adv. 2016)

(a) %(e“)t+e_°’t) (b) %cos(ot

© E(ethJre—Zcot)

d 5cos2(x)t
4 ) 2

(b) P2,Q2R2S3 (o)

P-2,Q-2,R-2,S-4 (d) P-2,Q-2,R-3,S-3

The net reaction of the disc on the block is (JEE Adv. 2016)
(a) lm(:ozR(ezc‘)t —e’zmt)j+mgﬁ
2
1 20 (ot -—ot)? :
(b) 2m(o R(e e )J+mgk
(© -mo’Rcosot|-mgk
(d) mo*Rsinsot j-mgk

H Assertion & Reason Type Questions

STATEMENT-1: Acloth covers a table. Some dishes are

kept on it. The cloth can be pulled out without dislodging

the dishes from the table.

STATEMENT-2 : For every action there is an equal and

opposite reaction. (2007)

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

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

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

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

STATEMENT-I : It is easier to pull a heavy object than to

push it on a level ground and

STATEMENT-2 : The magnitude of frictional force depends

on the nature of the two surfaces in contact. (2008)

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

(b) Statement-1is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

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

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

i | Integer Value Correct Type

A block is moving on an inclined plane making an angle 45°
with the horizontal and the coefficient of friction is pu. The
force required to just push it up the inclined plane is 3 times
the force required to just prevent it from sliding down. If we
defineN =10 pu,thenNis (2011)
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Section-B

If a body looses half of its velocity on penetrating 3 cm in a
wooden block, then how much will it penetrate more before

coming to rest? [2002]
(a) lcm (b) 2cm
() 3em (d) 4cm.

Alift is moving down with acceleration a. A man in the lift
drops a ball inside the lift. The acceleration of the ball as
observed by the man in the lift and a man standing stationary

on the ground are respectively [2002]
@ g&g (b) g-ag-a
(© g-ag d ag

When forces F, F,, F;; are acting on a particle of mass m
such that F, and F} are mutually perpendicular, then the
particle remains stationary. If the force F, is now removed
then the acceleration of the particle is [2002]
(@ F/m (b) F,Fy/mF,

(©) (F,—-F)/m d) Fym.

Two forces are such that the sum of their magnitudes is 18 N
and their resultant is 12 N which is perpendicular to the
smaller force. Then the magnitudes of the forces are
(@ 12N,6N (b) 13N,5N

(c) 10N,8N (d) 16N, 2N.

Speeds of two identical cars are » and 4u at the specific
instant. The ratio of the respective distances in which the

[2002]

two cars are stopped from that instant is [2002]
@ 1:1 (b) 1:4
(c) 1:8 d) 1:16.

A light string passing over a smooth light pulley connects
two blocks of masses m, and m, (vertically). If the
acceleration of the system is g/8, then the ratio of the masses

is 2002(
(@ 8:1 ® 9:7
© 43 @ 53

Three identical blocks of masses m = 2 kg are drawn by a
force F=10. 2 N with an acceleration of 0. 6 ms2 on a
frictionless surface, then what is the tension (in N) in the
string between the blocks B and C? [2002]

c |I— B
L L L L K LLUL LKL 4

(@ 92 (b) 34

(c) 4 d) 98

One end of a massless rope, which passes over a massless

and frictionless pulley P is tied to a hook C while the other

end is free. Maximum tension that the rope can bear is 360

N. With what value of maximum safe acceleration (in ms2)

N
VP77 707777

can a man of 60 kg climb on the rope? [2002]
a) 16
@ P
(b) 6
C
(c) 4
d 8

JEE Main / GIEEE

9.

10.

11.

12.

13.

14.

15.

A spring balance is attached to the ceiling of a lift. A man
hangs his bag on the spring and the spring reads 49 N,
when the lift is stationary. Ifthe lift moves downward with
an acceleration of 5 m/s?, the reading of the spring balance
will be [2003]
(@) 24N (b) 74N

(c) 15N (d) 49N

Three forces start acting simultaneously C

on a particle moving with velocity, v .

These forces are represented in

magnitude and direction by the three

sides of a triangle ABC. The particle

will now move with velocity  [2003]

(@) lessthan v

(b) greater than v
(c) |v| in the direction of the largest force BC
(d) ¥ ,remaining unchanged
A horizontal force of 10 N is
necessary to just hold a block
stationary against a wall. The
coefficient of friction between

the block and the wall is 0.2.
The weight of the block is

.

10N

/
(@ 20N (b) SON [2003]
(c) 100N (d 2N

A marble block of mass 2 kg lying on ice when given a

velocity of 6 m/s is stopped by friction in 10 s. Then the

coefficient of friction is [2003]
(@ 002 (b) 003
(c) 004 (d) 006

A block of mass M is pulled along a horizontal frictionless

surface by arope of mass m. Ifa force P is applied at the free

end of the rope, the force exerted by the rope on the block is
Pm Pm

@ - b 12003]
PM
© P @ T

A light spring balance hangs from the hook of the other

light spring balance and a block of mass M kg hangs from

the former one. Then the true statement about the scale

reading is [2003]

(a) Both the scales read M kg each

(b) The scale of the lower one reads M kg and of the upper
one zero

(¢) The reading of the two scales can be anything but the
sum of the reading will be Mkg

(d) Both the scales read M/2 kg each

Arocket with a lift-off mass 3.5 x 10*kg is blasted upwards

with an initial acceleration of 10m/s?. Then the initial thrust

of the blast is [2003]
(@ 35x10°N (®) 70x10°N
(©) 140x10°N (d) 1.75x10°N
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Laws of Motion ) P-19
16. T -5k d —48ke tied to a stri 23. A particle of mass 0.3 kg subject to a force F'=— kx with
WO THASNES T =oKE A ™2 g fed 0 asThe k=15N/m . What will be its initial acceleration ifit is released
are hanging over a light frictionless pulley. What is the from a point 20 cm away from the origin ? [2005]
acceleration of the masses when left free to move ? P 2 Y g 2
5 (@ 15 m/s (b) 3 m/s
(g=9.8m/s%) [2004] © 10 m/s? d 5 m/s?
@ 5m/s? 24. Ablock is kept on a frictionless inclined surface with angle
of inclination ‘ o > . The incline is given an acceleration ‘a’ to
(b) 9.8m/s? keep the block stationary. Then a is equal to [2005]
(©) 02m/s?
d 48m/s? i’
17.  Ablock rests on a rough inclined plamg making an angle of
30° with the horizontal. The coefficient of static friction a
between the block and the plane is 0.8. Ifthe frictional force o
on the block is 10 N, the mass of the block (in kg) is (@) g coseca (b) g/tana
(take g =10 m/s?) [2004] (©) gtano @ g ’
@ 16 ) 40 25. Consider a car moving on a straight road with a speed of
©) 2'0 ) 2' 5 100 m/s . The distance at which car can be stopped is
18. A smooth block is released at rest on a 45° incline and then [ng =05] [2005]
slides a distance ‘d’. The time taken to slide is ‘n’ times as @ 1000 m (b) 800 m
much to slide on rough incline than on a smooth incline.
The coefficient of friction is [2005] () 400 m (d) 100m
1 ) 26. A mass of M kg is suspended by a weightless string. The
@ py= /1 — (b) pp=1- = horizontal force that is required to displace it until the string
5 n makes an angle 0of45° with the initial vertical direction is
1 1
@ m=fl-5 @ p=1-— @ M2+ (0) Mg2 12006]
n
19. A parachutist aﬁlz:r bailing out falls 50 m without friction. Mg
When parachute opens, it decelerates at 2 m/ s . He © f (d Mg (\/5 -1
reaches the ground with a speed of 3 m/s. At what height, ) . ]
did he bail out ? [2005] 27. Aball of mass 0.2 kg is thrown vertically upwards by applying
(@ 182m (b) 91m aforce by hand. Ifthe hand moves 0.2 m while applying the
() 11lm (d 293m force and the ball goes upto 2 m height further, find the
20.  Abullet fired into a fixed target loses half of its velocity after magnitude of the force. (Consider g= 10 m/s2).
penetrating 3 cm. How much further it will penetrate before
: . ) y (@ 4N (b) 16N [2006]
coming to rest assuming that it faces constant resistance to
motion ? [2005] (c) 20N (d) 22N
(@) 20cm (b) 3.0cm 28. A player caught a cricket ball of mass 150 g moving at arate
(¢) 10cm (d 15cm of 20 m/s. If the catching process is completed in 0.1s, the
21. An annular ring with inner and outer radii R; and R, is force of the blow exerted by the ball on the hand of the
rolling without slipping with a uniform angular speed. The player is equal to [2006]
ratio of the forces experienced by the two particles situated (@ 150N (b) 3N
A (c) 30N (d) 300N
on the inner and outer parts of the ring , Fz is  [2005] 29. A coin isplaced on a horizontal platform which undergoes
) vertical simple harmonic motion of angular frequency ®. The
( R b Ry R o1 amplitude of oscillation is gradually increased. The coin will
@ L R, J (b) R © R, (d) leave contact with the platform for the first time
22. The upper half of an inclined plane with inclination ¢ is (a) at the mean position of the platform [2006]

perfectly smooth while the lower half is rough. A body
starting from rest at the top will again come to rest at the
bottom if the coefficient of friction for the lower halfis given

by [2005]
(@ 2cos ¢ (b) 2sin ¢
(c) tan ¢ (d) 2tan ¢

(b) for an amplitude of %
®

2
(¢) for an amplitude of g_2
®

(d) at the highest position of the platform
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A block of mass m is connected to another block of mass M
by a spring (massless) of spring constant k. The block are
kept on a smooth horizontal plane. Initially the blocks are at
rest and the spring is unstretched. Then a constant force F
starts acting on the block of mass M'to pull it. Find the force

of the block of mass . [2007]
MF mE
@ oo ®)
(M +m)F mF
© — (d e D)

Two fixed frictionless inclined planes making an angle 30°
and 60° with the vertical are shown in the figure. Two blocks
A and B are placed on the two planes. What is the relative
vertical acceleration of A with respect to B ? [2010]

NN

(@) 4.9ms2in horizontal direction

(b) 9.8 ms2 in vertical direction

(c) Zero

(d) 4.9 ms2 in vertical direction
A mass ‘m’ is supported by a massless string wound around
a uniform hollow cylinder of mass m and radius R. If the
string does not slip on the cylinder, with what acceleration

will the mass fall or release? [JEE Main2014]
@ =
R
® 3 m '
© =
@ g N m

33.

34.

35.

A block of mass m is placed on a surface with a vertical cross

3

X
section given by y = e Ifthe coefficient of friction is 0.5,

the maximum height above the ground at which the block can

be placed without slipping is: [JEE Main 2014
(@) b 7

d 1 m
(©) @ 5

Given in the figure are two blocks A and B of weight 20 N and
100 N, respectively. These are being pressed against a wall
by a force F as shown. If the coefficient of friction between
the blocks is 0.1 and between block B and the wall is 0.15, the
frictional force applied by the wall on block Biis:

[JEE Main 2015|

L~

] =

—>| A || B 2

L~

5
(a) 120N (b) 150N
(c) 100N (d) 80N

A point particle of mass m, moves long the uniformly rough
track PQR as shown in the figure. The coefficient of friction,
between the particle and the rough track equals p. The
particle is released, from rest from the point P and it comes
to rest at a point R. The energies, lost by the ball, over the
parts, PQ and QR, of'the track, are equal to each other, and
no energy is lost when particle changes direction from PQ
toQR.

The value of the coefficient of friction p and the distance x
(=QR), are, respectively closeto: [JEE Main 2016]

Hornzontal—) Q

(b) 0.29and 6.5m
(d) 02and3.5m

(a 029and3.5 m
(¢) 02and6.5m
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CHAPTER

Work, Energy and

Power

| IS LY- W JEE Advanced/ IIT-)EE

. 7.  An ideal spring with spring-constant & is hung from the
C MCQs with One Correct Answer ceiling and a block of mass M is attached to its lower end.

1. Ifamachine is lubricated with oil (1980) The mass is released with the spring initially unstretched.
(a) the mechanical advantage of the machine increases. Then the maximum extension in the spring is (2002S)
(b) the mechanical efficiency of the machine increases.
(c) bothits mechanical advantage and efficiency increase. @) 4Mg (b) 2Mg © Mg ) Mg
(d) its efficiency increases, but its mechanical advantage k k k 2k
decreases. 8. If W, W,and W, represent the work done in moving a

2. Twomasses of 1 gmand 4 gm are moving with equal kinetic
energies. The ratio of the magnitudes of their linear momenta
is (1980)
(@ 4:1 (b)) 2:1 (© 1:2 d 1:16

3.  Anparticle of mass m is moving in a circular path of constant
radius 7 such that its centripetal acceleration a_ is varying @ W>W,>W,

particle from A4 to B along three different paths 1,2 and 3

respectively (as shown) in the gravitational field of a point

mass m, find the correct relation between W, W, and W,
(2003S)

with time ¢ as a_ = k?r1* where k is a constant. The power
delivered to the particles by the force acting on it is:
(1994 - 1 Mark) b) W=Ww,=w,
@) 2n mkr’t (b) mk*t
425 () W<W,<W,
4. A spring of force-constant k is cut into two pieces such that (d wpw>w, A

one piece is double the length of the other. Then the long
piece will have a force-constant of (1999S - 2 Marks) 9, A particle is acted by a force F = kx, where k is a +ve
@ @3k (b) B2k () 3k d) 6k constant. Its potential energy at x =0 is zero. Which curve

5. A wind-powered generator converts wind energy into correctly represents the variation of potential energy of
electrical energy. Assume that the generator converts a fixed

fraction of the wind energy intercepted by its blades into the block with respect to x (20043)
electrical energy. For wind speed v, the electrical power U
output will be proportional to (20005 ) Y%
@ v (b) »* © d v* E {
6. A particle, which is constrained to move along the x-axis, (a) x (b) x
is subjected to a force in the same direction which ; ;
varies with the distance x of the particle from the origin as

F(x)=—kx + ax. Here k and q are positive constants. For
x> 0, the functional form of the potential energy U(x) of

the particle is (20028 ) U AU
Uy U] © L @ l x
(@) u >y (b) > X ; ;

) 10. A block (B) is attached to two unstretched springs S, and
Ufx) Utx) S, with spring constants k and 4k, respectively (see fig. I).

© 1\ sy (d) X The other ends are attached to identical supports M, and
M, not attached to the walls. The springs and supports
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have negligible mass. There is no friction anywhere. The
block B is displaced towards wall 1 by a small distance x
(figure II) and released. The block returns and moves a
maximum distance y towards wall 2. Displacements x and y
are measured with respect to the equilibrium position of the
block B. The ratio y/x is — (2008)

(@ 4

(b) 2
Two small particles of equal masses start moving in opposite
directions from a point A in a horizontal circular orbit. Their
tangential velocities are v and 2v, respectively, as shown in
the figure. Between collisions, the particles move with
constant speeds. After making how many elastic collisions,
other than that at 4, these two particles will again reach the

© 12 ) 1/4

point A? (2009)

v 4 2v

(@ 4 (b) 3 () 2 d 1

A piece of wire is bent in the shape of a parabola y = kx?
(y-axis vertical) with a bead of mass m on it. The bead can
slide on the wire without friction. It stays at the lowest point
of the parabola when the wire is at rest. The wire is now
accelerated parallel to the x-axis with a constant acceleration
a. The distance of the new equilibrium position of the bead,
where the bead can stay at rest with respect to the wire,
from the y-axis is (2009)

a a
@ o (b) 2gk © o (d) agk

A block of mass 2 kg is free to move along the x-axis. It is at
rest and from t =0 onwards it is subjected to a time-dependent
force F(¢) in the x direction. The force F(¢) varies with 7 as
shown in the figure. The kinetic energy of the block after 4.5

seconds is (2010)
F(1),
(a) 4.50J
4N
(b) 7.50] \
455
(c) 5.06J 9] 3N !
d) 14067 '

14.

15.

The work done on a particle of mass m by a force,

K X A " A

212 ) ! 212" J
(K being a constant of appropriate dimensions), when the
particle is taken from the point (a, 0) to the point (0, a) along
a circular path of radius a about the origin in the x — y plane
is (JEE Adv. 2013)
2K= K= Kn

@ — & —  © - d o

A tennis ball is dropped on a horizontal smooth surface. It
bounces back to its original position after hitting the surface.
The force on the ball during the collision is proportional to
the length of compression of the ball. Which one of the
following sketches describes the variation of its kinetic
energy K with time ¢ most appropriately? The figure are only
illustrative and not to the scale. (JEE Adv. 2014)

K K

(d

J t J t

© A

1» I MCQs with One or More than One Correct

A body is moved along a straight line by a machine delivering
constant power. The distance moved by the body in time #
is proportional to (1984- 2 Marks)
@ 1 (b £ © @ #
A uniform chain of length L and mass M s lying on a smooth
table and one third of its length is hanging vertically down
over the edge ofthe table. If g isacceleration due to gravity,
the work required to pull the hanging part on to the table is
(1985 - 2 Marks)
(@ MgL (b) MgL/3 (c) MgL/9 (d) MgL/18
A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the particle.
The motion of the particle takes place in a plane. It follows
that : (1987 - 2 Marks)
(a) its velocity is constant
(b) its acceleration is constant
(c) its kinetic energy is constant.
(d) itmoves ina circular path.
Aforce F= — K (yi + xj) (where K isa positive constant) acts
on a particle moving in the xy plane. Starting from the origin,
the particle is taken along the positive x axis to the point (a, 0),
and then parallel to the y axisto the point (@, @), The total work
done by the force F on the particle is (1998S - 2 Marks)
(@) -2Ka? (b)2Ka* (c) - Ka? (d) Ka?

132
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Work, Energy and Power ®
5. A stone tied to a string of length L is whirled in a vertical Two blocks 4 and B are
circle with the other end of the string at the centre. At a connected to each other by a —
certain instant of time, the stone is at its lowest position, . . .
and has a speed . The magnitude of the change in its string and a Sﬁp.”“.g ,lthe s:llln g B
velocity as it reaches a position where the string is horizontal passes over a irictionless pulley
is (1998S - 2 Marks) as shown in the ﬁggre. Block B
7 NN slides over the horizontal top C
@ u'-2¢L ®) 2L surface of a stationary block C n l
© u?-gL ) 20*-gL) and the block 4 slides along the

A small ball starts moving from A4 over a fixed track as shown
in the figure. Surface 4B has friction. From 4 to B the ball rolls
without slipping. Surface BC is frictionless. K ,, Ky and K .

are kinetic energies of the ball at 4, B and C, respectlvely
Then (2006 - 5M, -1)

&

A
T
h

B
@ hy>hc, Kg>Ke (b) hy>hc;, Ke>Ky
(C) hA hC KB KC (d) hA <hC;KB>KC
Subjective Problems

Abullet is fired from arifle. Ifthe rifle recoils freely, determine
whether the kinetic energy ofthe rifle is greater than, equal

or less than that of the bullet. (1978)
A spring of force constant & is cut into three equal parts.
What is force constant of each part? (1978)

A 20 gm bullet pierces through a plate of mass M, = 1 kgand
then comes to rest inside a second plate of mass M, =2.98
kg. asshown. It is found that the two plates initially at rest now
move with equal velocities. Find the 2

percentage loss in the initial velocity

of the bullet when it is between M| __
and M,. Neglect any loss of material

of the plates due to the action of the
bullet. (1979) M, M,

When a ball is thrown up, the magnitude of its momentum
decreases and then increases. Does this violate the
conservation of momentum principle? (1979)

A D
I\\ IX
B E F
¢ (b)
In the figures (a) and (b) AC, DG and GF are fixed inclined
planes, BC= EF=xand AB= DE=y. A small block of mass
M is released from the point 4. It slides down AC and reaches
Cwith a speed V. The same block is released from rest from
the point D. It slides down DGF and reaches the point F'
with speed V. The coefficients of kinetic frictions between

the block and both the surface AC and DGF are u. (1980)
Calculate Vand V,

vertical side of C, both with the

same uniform speed.

The coefficient of friction between the surfaces of blocks is
0.2. Force constant of the spring is 1960 newtons/m. If mass
of block 4 is 2 Kg., calculate the mass of block B and the
energy stored in the spring. (1982 - 5 Marks)
A 0.5 kgblock slides from the point A (see Fig) on a horizontal
track with an initial speed of 3 m/s towards a weightless
horizontal spring of length 1 m and force constant 2 Newton/
m. The part AB of the track is frictionless and the part BC
has the coefficients of static and kinetic friction as 0.22 and
02 respectively. If the distances AB and BD are2 m and 2.14
m respectively, find the total distance through which the
block moves before it comes to rest completely.

(Take g=10m/s?) (1983 - 7 Marks)

B D C

A string, with one end fixed on a rigid wall, passing over a
fixed frictionless pulley at a distance of 2m from the wall,
has a point mass M = 2kg attached to it at a distance of Im
from the wall. A mass m=0.5 kg attached at the free end is
held at rest so that the
string is horizontal between the wall M
and the pulley and vertical beyond
the pulley. What will be the speed with
which the mass M will hit the wall
when the mass m is released ?

(1985 - 6 Marks) m
A simple pendulum is suspended from a peg on a vertical
wall. The pendulum is pulled away from the wall to a
horizontal position (see fig.) and released. The ball hits the

wall, the coefficient of restitution being

=

(1987 - 7 Marks)

What is the minimum number of collisions after which the
amplitude of oscillations becomes less than 60 degrees ?
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Two blocks of mass 2 kg and M are at rest on an inclined
plane and are separated by a distance of 6.0 m as shown in
Figure. The coefficient of friction between each of the blocks
and the inclined plane 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 collision moves
0.5 m up and comes to rest. Calculate the coefficient of
restitution between the blocks and the mass of the block M.

[Take sin® ~ tan®=0.05and g = 10m/s2.]
(1999 - 10 Marks)

A spherical ball of mass m is kept at the highest point in the
space between two fixed, concentric spheres 4 and B (see
figure). The smaller sphere 4 has a radius R and the space
between the two spheres has a width d. The ball has a
diameter very slightly less than d. All surfaces are

frictionless. The ball is given a gentle push (towards the
right in the figure). The angle made by the radius vector of
the ball with the upward vertical is denoted by 6 (shown in
the figure). (2002 - 5 Marks)

Sphere B

d

Sphere 4

(a) Express the total normal reaction force exerted by the
sphere on the ball as a function of angle 6.

(b) Let N and N, denote the magnitudes of the normal
reaction forces on the ball exerted by the sphere 4 and
B, respectively. Sketch the variations of N, and N as
functions of cos 0 in the range ¢ <9 < x by drawing
two separate graphs in your answer book, taking cos
0 on the horizontal axes.

Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the statements in Column-II are
labelledp, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions

have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

1.

P qQqr s t

00000
®00>®
Q0OG®
OI0G]: 16,

Oawmw»

A particle of unit mass is moving along the x-axis under the influence of a force and its total energy is conserved. Four possible
forms of the potential energy of the particle are given in column I (a and U constants). Match the potential energies in column

I to the corresponding statement(s) in column II.

Columnl Column 11

UO X 2 ?

@A) U= 1-(;) ®)
UO X 2

B U= 7(;) )
U 2 x\

© U= 7"(5) exp[—(;) } ®
U, | * 1(x)

O U&= 14 3la ()

The force acting on the particle is zeroat x=a

The force acting on the particle is zeroat x =0

The force acting on the particle is zeroatx=—a

The particle experiences an attractive force towards x = 0 in the region |x|<a

U,
(t)  The particle with total energy TO can oscillate about the pointx=-a
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Work, Energy and Power

G Comprehension Based Questions

PASSAGE-1
A small block of mass M moves on a frictionless surface of an
inclined plane, as shown in figure. The angle ofthe incline suddenly
changes from 60° to 30° at point B. The block is initially at rest at
A. Assume that collisions between the block and the incline are
totally inelastic (g = 10 m/s2). (2008)

A

1.  The speed ofthe block at point B immediately after it strikes
the second incline is —

@ 60 m/s (b) /45 m/s
(© 30 m/s (d) 15 m/s

2.  The speed of the block at point C, immediately before it
leaves the second incline is

@@ 120 m/s (b) V105 m/s
(©) 90 m/s (d 75 m/s

3. Ifcollision between the block and the incline is completely
elastic, then the vertical (upward) component of the velocity
of the block at point B, immediately after it strikes the second

incline is —

@@ /30 m/s (b) V15 m/s

© 0 (d —15 m/s
PASSAGE-2

A small block of mass 1 kg is released from rest at the top of a
rough track. The track is a circular arc of radius 40 m. The block
slides along the track without toppling and a frictional force acts
on it in the direction opposite to the instantaneous velocity. The
work done in overcoming the friction up to the point Q, as shown

in the figure below, is 150J.
(Take the acceleration due to gravity, g= 10 ms2)

Ay
(JEE Adv. 2013)
R P
30°%-
X R
=
0 5
4.  The magnitude of the normal reaction that acts on the block
at the point Q is
(@ 75N (b) 86N
() 115N (d) 225N
5. The speed of the block when it reaches the point Q is
(@ 5ms’! (b) 10ms!
(© 10V3ms™! (d) 20ms™!

H Assertion & Reason Type Questions

1. STATEMENT-1 : A block of mass m starts moving on a
rough horizontal surface with a velocity v. It stops due to
friction between the block and the surface after moving
through a certain distance. The surface is now tilted to an
angle of 30° with the horizontal and the same block is made
to go up on the surface with the same initial velocity v. The
decrease in the mechanical energy in the second situation
is smaller than that in the first situation.

STATEMENT-2 : The coefficient of friction between the

block and the surface decreases with the increase in the

angle of inclination. (2007)

(a) Statement-1 is True, Statement-2 is True; Statement—
2 is a correct explanation for Statement-—1

(b) Statement-1 is True, Statement-2 is True; Statement—
2 is NOT a correct explanation for Statement—1

(c) Statement—1 is True, Statement-2 is False

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

I Integer Value Correct Type

1.  Alight inextensible string that goes over a
smooth fixed pulley as shown in the figure
connects two blocks of masses 0.36 kg and
0.72 kg. Taking g = 10 m/s?, find the work
done (in joules) by the string on the block
of mass 0.36 kg during the first second after
the system is released from rest.  (2009)
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Three objects 4, B and C are kept in a straight line on a
frictionless horizontal surface. These have masses m, 2m
and m, respectively. The object 4 moves towards B with a
speed 9 m/s and makes an elastic collision with it. There
after, B makes completely inelastic collision with C. All
motions occur on the same straight line. Find the final speed
(in m/s) of the object C. (2009)

m [—» 2m [ m

A B C

A block of mass 0.18 kg is attached to a spring of force-
constant 2 N/m. The coefficient of friction between the block
and the floor is 0.1. Initially the block is at rest and the
spring is un-stretched. An impulse is given to the block as
shown in the figure. The block slides a distance of 0.06 m
and comes to rest for the first time. The initial velocity of the

Section-B

Consider the following two statements : [2003]
A. Linear momentum of a system of particles is zero
B Kinetic energy of a system of particles is zero.
Then
(@) A doesnot imply B and B does not imply 4
(b) A implies B but B does not imply 4
(c) A does not imply B but B implies 4
(d) Aimplies Band Bimplies A
A wire suspended vertically from one of its ends is stretched
by attaching a weight of 200N to the lower end. The weight
stretches the wire by 1 mm. Then the elastic energy stored

in the wire is [2003]
(@ 027 (b) 10J
(c) 20J (d 0.1J

A spring of spring constant 5 x 103 N/m is stretched initially
by 5cm from the unstretched position. Then the work

required to stretch it further by another 5 cm is [2003]
(@ 1250 N-m (b) 1875 N-m
(¢) 2500 N-m (d) 625 N-m

JEE Main / GIEEE

block in m/s is V=N/10. Then N is (2011)

S —

A particle of mass 0.2 kg is moving in one dimension under a
force that delivers a constant power 0.5 W to the particle. If
the initial speed (in ms™!) of the particle is zero, the speed (in
ms~!) after 5sis (JEE Ady. 2013)
Consider an elliptical shaped rail PQ in the vertical plane
with OP =3 m and OQ =4 m. A block of mass 1 kg is pulled
along the rail from P to Q with a force of 18 N, which is
always parallel to line PQ (see the figure given). Assuming
no frictionless losses, the kinetic energy of the block when it
reaches Q is (n x 10) joules. The value of  is (take acceleration
due to gravity = 10 ms2) (JEE Adv. 2014)

A body is moved along a straight line by a machine
delivering a constant power. The distance moved by the

body in time ‘¢’ is proportional to 2003
(a) 13/4 (b) t3/2
(c) 11/4 (d) t”2

A particle moves in a straight line with retardation
proportional to its displacement. Its loss of kinetic energy

for any displacement x is proportional to [2004]
@ x (b) ¢&
(c) x? (d) log,x

A uniform chain of length 2 m is kept on a table such that a
length of 60 cm hangs freely from the edge of the table. The
total mass of the chain is 4 kg. What is the work done in

pulling the entire chain on the table ? [2004]
(@ 127 (b) 3.6J
() 723 (d) 12007

A force F =(5i +3j+2k)N is applied over a particle
which displaces it from its origin to the point 7 = (2i — j)m.

The work done on the particle in joules is [2004]
(@ +10 (b) +7
) -7 d +13
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A body of mass ‘m’, accelerates uniformly from rest to ‘v’
intime ‘¢,’. The instantaneous power delivered to the body
as a function of time ‘¢’ is 12004

2
mv1t2 " mvi't mvt q mvlzt
c)
O 2 © 7 @ =

@)

A Particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the particle,
the motion of the particles takes place in a plane. It follows
that [2004]

(a) its kinetic energy is constant
(b) its acceleration is constant
(c) its velocity is constant

(d) itmovesin astraight line

The block of mass M moving on the frictionless horizontal
surface collides with the spring of spring constant k£ and
compresses it by length L. The maximum momentum of

the block after collision is [2005]
0000800 —
@) L () Mk L(c) M d) zero
2M k

A spherical ball of mass 20 kg is stationary at the top of a hill
of height 100 m. It rolls down a smooth surface to the ground,
then climbs up another hill of height 30 m and finally rolls
down to a horizontal base at a height of 20 m above the

ground. The velocity attained by the ball is [2005]
(a 20 m/s (b) 40 m/s
©) 10430 m/s (d 10 m/s

A body of mass m is accelerated uniformly from rest to a
speed v in a time 7. The instantaneous power delivered to

the body as a function of time is given by [2005]
my? 2 b mv? y lmv2 2 d lmv2 ;
@ 72 ()Tz'(c)sz’ ()2T2‘

A particle of mass 100g is thrown vertically upwards with a
speed of 5 m/s. The work done by the force of gravity

during the time the particle goes up is [2006]
(@ -05J (b) -125J
(c) 125] d 05J
The potential energy of a 1 kg particle free to move along
the x-axis is given by V(x) = (ﬁ— ﬁ) J.

4 2

15.

16.

17.

18.

19.

The total mechanical energy ofthe particle is 2 J. Then, the
maximum speed (in m/s) is [2006]

1
@ F OF ©F @
A 2 kg block slides on a horizontal floor with a speed of 4m/s.
It strikes a uncompressed spring, and compresses it till the
block is motionless. The kinetic friction force is 15N and
spring constant is 10,000 N/m. The spring compresses by
(@ 85cm (b) 55cm 12007
(c) 25cm (d) 11.0cm
An athlete in the olympic games covers a distance of 100 m
in 10 s. His kinetic energy can be estimated to be in the
range [2008]
(@ 200J-500J (b) 2x10°J-3x10°]
(c) 20,000J-50,000J (d) 2,000J-5,0007
A block of mass 0.50 kg is moving with a speed of 2.00 ms~!
on a smooth surface. It strikes another mass of 1.00 kg and
then they move together as a single body. The energy loss

during the collision is [2008]
(@ 0.16J (b) 1.00J
(c) 0.67) (d) 034]

The potential energy function for the force between two
atoms in a diatomic molecule is approximately given by

a b
Ux)= xT - x_6 > where a and b are constants and x is the
distance between the atoms. If the dissociation energy of
the molecule is D = [U (% = ) = Uy equilibrium :l, Dis

[2010]

b? b? b2 b?
(@ % (b) on (¢ 5 d =

This question has Statement 1 and Statement 2. Of the four
choices given after the Statements, choose the one that
best describes the two Statements.

If two springs S; and S, of force constants k; and k,,
respectively, are stretched by the same force, it is found
that more work is done on spring S, than on spring S,.
STATEMENT 1 : If stretched by the same amount work
done on S; Work done on S, is more than S,

STATEMENT 2: k, <k,
(a) Statement 1 is false, Statement 2 istrue.

[2012]

(b) Statement 1 istrue, Statement 2 is false.

(c) Statement 1 istrue, Statement 2 is true, Statement 2 is
the correct explanation for Statement 1

(d) Statement 1 istrue, Statement 2 is true, Statement 2 is
not the correct explanation for Statement 1
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When a rubber-band is stretched by a distance x, it exerts
restoring force of magnitude F = ax + bx2 where a and b are
constants. The work done in stretching the unstretched

rubber-band by L is: [JEE Main2014]
12 13
@ al?+b0 (®) (al? +bL)
2 3
al? b3 1{al® bL
© 5 *+5° @ 5[7*7

21.

A person trying to lose weight by burning fat lifts a mass of
10 kg upto a height of 1 m 1000 times. Assume that the
potential energy lost each time he lowers the mass is
dissipated. How much fat will he use up considering the
work done only when the weight is lifted up? Fat supplies
3.8 x 107 J of energy per kg which is converted to mechanical
energy with a 20% efficiency rate. Take g=9.8 ms—:

[JEE Main 2016|
(b) 12.89x10kg
(d) 645x102kg

@ 9.89x103kg
() 245x10%kg
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A Fill in the Blanks

1.

2.
1
Z
8
2

A particle of mass 4 m which is at rest explodes into three
fragments. Two of the fragments each of mass m are found
to move with a speed v each in mutually perpendicular
directions. The total energy released in the process of
explosionis ............ (1987 - 2 Marks)
The magnitude of the force (in newtons) acting on a body
varies with time 7 (in micro seconds) as shown in the fig 4B,
BC and CD are straight line segments. The magnitude of
the total impulse of the force on the body from =4 ps to

t=16psis ............... Ns. (1994 - 2 Marks)
&

800
600 +
400 1+
200 A—B

L E F L L L L D

T I 1 1 1 1

0 2 4 6 8 10 12 14 16
Time (u s)—>

C MCQs with One Correct Answer

Two particles of masses m, and m, in projectile motion have
velocities ¥ and ¥, respectively at time #=0. They collide
at time ¢ Their velocities become v;' and v, at time 2¢,
while still value of

(2001S)

moving in air. The
|(m1171 "+ m2172 ') - (m1171 + m2172 )| is

(@) zero (b) (m +my)gt,

1
© 5("’1 +my) gt, (d) 2(m,+my)gt,

Two blocks of masses 10 kg and 4 kg are connected by a
spring of negligible mass and placed on a frictionless
horizontal surface. An impulse gives a velocity of 14 m/s to
the heavier block in the direction of the lighter block. The

velocity of the centre of mass is (2002S)
(@ 30m/s (b) 20m/s
(c) 10m/s (d) 5m/s

Aball of mass 0.2 kg rests on a vertical post of height 5 m. A
bullet of mass 0.01 kg, traveling with a velocity V m/s in a

Momentum and Impulse

JEE Advanced/IIT-JEE

horizontal direction, hits the centre of the ball. After the
collision, the ball and bullet travel independently. The ball
hits the ground at a distance of 20 m and the bullet at a
distance of 100 m from the foot of the post. The velocity V

of the bullet is (2011)
V m/s
0 2I0 100
(@) 250m/s (b) 25042 m/s
(c) 400m/s (d) 500m/s

A particle of mass m is projected from the ground with an
initial speed %, at an angle o with the horizontal. At the
highest point of its trajectory, it makes a completely inelastic
collision with another identical particle, which was thrown
vertically upward from the ground with the same initial speed
u, The angle that the composite system makes with the
horizontal immediately after the collision is
(JEE Adv. 2013)
T T
o« @

® e © 7

T
(@ 1

1) Il MCQs with One or More than One Correct

A ball hits the floor and rebounds after an inelastic collision.

In this case (1986 - 2 Marks)

(a) the momentum ofthe ball just after the collision is the
same as that just before the collision.

(b) the mechanical energy of the ball remains the same in
the collision

(c) the total momentum of the ball and the earth is
conserved

(d) the total energy of the ball and the earth is conserved

A shell is fired from a cannon with a velocity v (m/sec.) at an

angle @ with the horizontal direction. At the highest point

in its path it explodes into two pieces of equal mass. One of

the pieces retraces its path to the cannon and the speed (in

m/sec.) of the other piece immediately after the explosion is

(1986 - 2 Marks)

(@ 3vcosg (b) 2vcos @

© %v cos 0 d %v cos 0
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Two blocks A4 and B, each of mass m, are connected by a
massless spring of natural length L and spring constant K.
The blocks are initially resting on a smooth horizontal floor
with the spring at its natural length, as shown in fig.. A third
identical block C, also of mass m, moves on the floor with a
speed v along the line joining 4 and B, and collides elastically

with 4. Then (1993-2 Marks)
= L
C A TR0 B

(a) the kinetic energy of the 4-B system, at maximum
compression of the spring, is zero.

(b) the kinetic energy of the 4-B system, at maximum
compression of the spring, is mv%/4.

(c) the maximum compression of the spring is v./(m/ K)
(d) the maximum compression ofthe spring is v./(m/2K)

The balls, having linear momenta p; = pi and p, = -pi,
undergo a collision in free space. There is no external force
acting on the balls. Let pj and p, be their final momenta.

The following option (s) is (are) NOT ALLOWED for any
non-zero value of p, a, a,, b;, b,, ¢, and c,. (2008)

(@ 1:3'1 = ali;“ blij‘clﬁ (b) ?i =ck
Py =asi+b,j py =cok

— 2 2
Pi=aji+byj
Z : .
Py =ai+by]

(c) Pi=ajitbjtck  (d)
Py =ayi+byj—cik

A point mass of 1 kg collides elastically with a stationary

point mass of 5 kg. After their collision, the 1 kg mass reverses

its direction and moves with a speed of 2 ms~'. Which of the

following statement(s) is (are) correct for the system of these

two masses? (2010)

(a) Total momentum of the system is 3 kg ms™!

(b) Momentum of 5 kg mass after collision is4 kg ms~

(¢) Kinetic energy of the centre of mass is 0.75J

(d) Total kinetic energy of the system is 4J

A particle of mass m is attached to one end of a mass-less

spring of force constantk, lying on a frictionless horizontal

plane. The other end of the spring is fixed. The particle

starts moving horizontally from its equilibrium position at

time t = 0 with an initial velocity u,. When the speed of the

particle is 0.5 uy, it collides elastically with a rigid wall. After

this collision (JEE Adv. 2013)

(@ The speed of the particle when it returns to its
equilibrium position is %,

(b) The time at which the particle passes through the

1

equilibrium position for the firsttime is t =7 m

(¢) The time at which the maximum compression of the

spring occurs is t = 4n \/E
3 Vk

(d) The time at which the particle passes through the

5
equilibrium position for the second time is t = ?n \/%

4.

E Subjective Problems

A body of mass m moving with velocity V' in the X-direction
collides with another body of mass M moving in Y-direction
with velocity v. They coalesce into one body during collision.
Calculate : (1978)
(i) the direction and magnitude of the momentum of the
final body.
(i) the fraction of initial kinetic energy transformed into
heat during the collision in terms of the two masses.
Three particles A, B and C of equal mass move with equal
speed V along the medians of an equilateral triangle as shown
in figure. They collide at the centroid G of the triangle. After
the collision, A comes to rest, B retraces its path with the
speed V. What is the velocity of C ? (1982 - 2 Marks)
A

B C
Two bodies 4 and B of masses m and 2 m respectively are

placed on a smooth floor. They are connected by a spring. A
third body C of mass m moves with velocity v, along the
line joining 4 and B and collides elastically with 4 as shown
inFig.

C A B

)0 000000

>

At a certain instant of time #; after collision, it is found that
the instantaneous velocities of 4 and B are the same. Further
at this instant the compression of the spring is found to be
x,. Determine (i) the common velocity of 4 and B at time
and (ii) the spring constant. (1984- 6 Marks)
A ball of mass 100 gm is projected vertically upwards from
the ground with a velocity of 49 m/sec. At the same time
another identical ball is dropped from a height of 98 m to
fall freely along the same path as that followed by the first
ball. After some time the two balls collide and stick together
and finally fall to the ground. Find the time of flight of the
masses. (1985 - 8 Marks)
A bullet of mass M s fired with a velocity 50 m/s at an angle
with the horizontal. At the highest point of its trajectory, it
collides head-on with a bob of mass 3M suspended by a
massless string of length 10/3 metres and gets embedded in
the bob. After the collision, the string moves through an
angle of 120°. Find

(i) theangle 9;
(i) the vertical and horizontal coordinates of the initial

position of the bob with respect to the point of firing of
the bullet. Take g=10 m /s?
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A block ‘4’ of mass 2m is placed on another block ‘B* of
mass 4m which in turn is placed on a fixed table. The two
blocks have a same length 4d and they are placed as shown
in fig. The coefficient of friction (both static and kinetic)
between the block ‘B’ and table is M. There is no friction

between the two blocks. A small object of mass m moving
horizontally along a line passing through the centre of mass
(cm.) of the block B and perpendicular to its face with a
speed v collides elastically with the block B at a height d
above the table. (1991 - 4 +4 Marks)

A 2m

Ry, N
le———s,
:
e
B
s
le— N —
QU

AT

4d

(@) What is the minimum value of v (call it v,)) required to
make the block 4 topple ?

v

(b) Ifv=2v,, find the distance (from the point P in the
figure) at which the mass m falls on the table after
collision. (Ignore the role of friction during the
collision).

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 angle of 30° with
vertical z-axis. At the highest point of its trajectory, the stone
hits an object of equal mass hung vertically from the branch
of a tree by means of a string of length L. A completely
inelastic collision occurs, in which the stone gets embedded
in the object. Determine : (1997 - 5 Marks)

(1) Thespeed of the combined mass immediately after the
collision with respect to an observer on the ground,

(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.

A car P is moving with a uniform speed of 5V3 m/s towards
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 #, and sticks to
it. Determine 7 . (2001 - 10 Marks)

O
/
| c
P
4 B

At , the second cannon ball is fired. Assume that the resistive
force between the rails and the carriage is constant and ignore
the vertical motion of'the carriage throughout. Ifthe second
ball also hits and sticks to the carriage, what will be the
horizontal velocity of the carriage just after the second impact?
A particle of mass m, moving in a circular path of radius R
with a constant speed v, is located at point (2R, 0) at time
¢t=0 and a man starts moving with a velocity v, along the
+ve y-axis from origin at time ¢ = 0. Calculate the linear
momentum of the particle wr.t. the man as a function oftime.

(2003 - 2 Marks)

—

0.0 -

H Assertion & Reason Type Questions

STATEMENT-1 : In an elastic collision between two bod-

ies, the relative speed of the bodies after collision is equal

to the relative speed before the collision. (2007)

STATEMENT-2 : In an elastic collision, the linear

momentum of the system is conserved.

(a) Statement—1 is True, Statement-2 is True; State-
ment-2 is a correct explanation for Statement—1.

(b) Statement—1 is True, Statement-2 is True; State-
ment-2 is NOT a correct explanation for Statement—1

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

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

I Integer Value Correct Type

A bob of mass m, suspended by a string of length /,, is given
aminimum velocity required to complete a full circle in the
vertical plane. At the highest point, it collides elastically
with another bob of mass m suspended by a string of length
1,, which is initially at rest. Both the strings are mass-less
and inextensible. Ifthe second bob, after collision acquires
the minimum speed required to complete a full circle in the

vertical plane, the ratio ll is

1 (JEE Ady. 2013)
2
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l Section-5

A machine gun fires a bullet of mass 40 g with a velocity
1200 ms~!. The man holding it can exert a maximum force of
144 N on the gun. Howmany bullets can he fire per second

at the most? [2004]
(@ Two (b) Four
(¢) One (d) Three

A mass ‘m’ moves with a velocity ‘v’ and collides inelastically

with another identical mass . After collision the st mass

moves with velocity —— in a direction perpendicular to the

) nd

initial direction of motion. Find the speed of the mass

after collision. [2005]

B " va

after
collision

before
collision

@ 3y
v 2

© —= d —v
V3 \3

A bomb of mass 16kg at rest explodes into two pieces of

masses 4 kg and 12 kg. The velolcity of the 12 kg mass is

4 ms!. The kinetic energy of the other mass is

(@) 144] (b) 28817

(c) 1927 (d) 96J

Statement -1: Two particles moving in the same direction

donot lose all their energy in a completely inelastic collision.

Statement -2 ; Principle of conservation of momentum holds

true for all kinds of collisions. [2010]

(a) Statement-1 istrue, Statement -2 is true ; Statement -2
isthe correct explanation of Statement - 1.

(b) Statement -1 is true, Statement -2 is true; Statement -2
is not the correct explanation of Statement -1

(c) Statement-1 is false, Statement -2 is true.

(d) Statement-1 istrue, Statement -2 is false.

®) v

[2006]

The figure shows the position—time (x — £) graph of one-
dimensional motion of a body of mass 0.4 kg. The magnitude
of each impulse is [2010]

0 2 4 6 8 1.0 12 1.4 16
t(s) =—

(@ 04Ns (b) 0.8Ns

(¢) 1.6Ns (d) 0.2Ns

This question has statement I and statement II. Of the four
choices given after the statements, choose the one that
best describes the two statements. [JEE Main 2013|

Statement - I: Apoint particle of mass m moving with speed
v collides with stationary point particle of mass M. If the

: . . 2
maximum energy loss possible is given as ./ (5 mv ) then

(5

Statement - II: Maximum energy loss occurs when the
particles get stuck together as a result of the collision.

(a) Statement- I istrue, Statment - Il is true, Statement - II
is the correct explanation of Statement - 1.

(b) Statement-I is true, Statment - Il is true, Statement - IL is
not the correct explanation of Statement - II.

(c) Statement- I is true, Statment - Il is false.

(d) Statement - I is false, Statment - IL is true.

A particle of mass m moving in the x direction with speed 2v
is hit by another particle of mass 2m moving in the y direction
with speed v. If the collision is perfectly inelastic, the
percentage loss in the energy during the collision is close to :

|JEE Main 2015]
(@ 56%
(c) 4%

(b) 62%
) 50%
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I Section-A

6.
A Fill inthe Blanks

A uniform cube of side a and mass m rests on a rough
horizontal table. A horizontal force F is applied normal to
one of the faces at a point that is directly above the centre
of the face, at a height 3a/4 above the base. The minimum
value of F for which the cube begins to tip about the edge is
.... (Assume that the cube does not slide). (1984 - 2 Marks)

A smooth uniform rod of length L and mass M has two
identical beads of negligible size, each of mass m, which can
slide freely along the rod. Initially the two beads are at the
centre of the rod and the system is rotating with an angular

velocity ® about an axis perpenducular to the rod and
passing through the midpoint of the rod (see figure). There

are no external forces. When the beads reach the ends of

the rod, the angular velocity of the system is .........
(1988 - 2 Marks)

|
1
| i !
1
‘I‘
5 o

A cylinder of mass M and radius R is resting on a horizontal
platform (which is parallel to the x—y plane) with its axis
fixed along the y-axis and free to rotate about its axis. The
platform is given a motion in the x-direction given by x =A4
cos (@ ?). There is no slipping between the cylinder and
platform. The maximum torque acting on the cylinder during
itsmotionis.................. (1988 - 2 Marks)

A stone of mass m, tied to the end of a string, is whirled
around in a horizontal circle. (Neglect the force due to
gravity). The length of the string is reduced gradually
keeping the angular momentum of the stone about the centre
of the circle constant. Then, the tension in the string is
given by 7= Ar" where A4 is a constant, 7 is the instantaneous
radius of the circleand n=..... (1993 - 1 Mark)

A rod of weight w is supported by two parallel knife edges
A and B and is in equilibrium in a horizontal position. The
knives are at a distance d from each other. The centre of
mass of the rod is at distance x from 4 . The normal reaction
onAis..andonBis..... (1997 - 2 Marks)

Rotational Motion

JEE Advanced/ IIT-JEE

A symmetric lamina of 4 B
mass M consists of a
square shape with a
semicircular section over
of the edge of the square 2a
as shown in Fig. P-10. The .
side of the square is 2a.
The moment of inertia of
the lamina about an axis
through its centre of mass
and perpendicular to the
plane is 1.6 Ma?. The moment of inertia of the lamina about
the tangent AB in the plane of the lamina is....

(1997 - 2 Marks)

B True / False

A triangular plate of uniform

thickness and density is made to

rotate about an axis perpendicular

to the plane of the paper and (a)

passing through A4, (b) passing 4 “ B
through B, by the application of

the same force, F, at C (midpoint i

of AB) as shown in the figure. The angular acceleration in
both the cases will be the same. (1985 - 3 Marks)
A thin uniform circular disc of mass M and radius R isrotating
in a horizontal plane about an axis passing through its centre
and perpendicular to its plane with an angular velocity o .
Another disc of the same dimensions but of mass M/4 is
placed gently on the first disc coaxially. The angular velocity

of the system nowis 2 @/ V5. (1986 - 3 Marks)
A ring of mass 0.3 kg and radius 0.1 m and a solid cylinder
of mass 0.4 kg and of the same radius are given the same
kinetic energy and released simultaneously on a flat
horizontal surface such that they begin to roll as soon as
released towards a wall which is at the same distance from
thering and the cylinder. The rolling friction in both cases is
negligible. The cylinder will reach the wall first.

(1989 - 2 Marks)
Two particles of mass 1 kg and 3 kg move towards each
other under their mutual force of attraction. No other force
acts on them. When the relative velocity of approach of the
two particles is 2 m/s, their centre of mass has a velocity of
0.5 m/s. When the relative velocity of approach becomes
3 m/s, the velocity of the centre of mass is 0.75 m/s.

(1989 - 2 Marks)
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MCQs with One Correct Answer

A thin circular ring of mass ‘M and radius r is rotating about
its axis with a constant angular velocity ®, Two objects,
each of mass m, are attached gently to the opposite ends of
adiameter of the ring. The wheel now rotates with an angular

velocity (1983 - 1 Mark)
oM o (M-2m)
@ A+ m) ® "+ 2m)
o M o (M +2m)
) @ =

Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
ofarod of length 1.4 m and of negligible mass. The rod is set
rotating about an axis perpendicular to its length with a
uniform angular speed. The point on the rod through which
the axis should pass in order that the work required for
rotation of the rod 1s minimum, is located at a distance of
(1995S)
(@) 0.42 mfrom massof 0.3 kg
(b) 0.70 m from mass of 0.7 kg
(c) 0.98 m from mass of 0.3 kg
(d) 0.98 m from mass of 0.7 kg
A smooth sphere A is moving on a frictionless horizontal
plane with angular speed o and centre of mass velocity v. It
collides elastically and head on with an identical sphere B at
rest. Neglect friction everywhere. After the collision, their
angular speeds are o, and o, respectively. Then
(19998 - 2 Marks)
@ o, <o, b) o,=0,
©) o=0 d) og~o
A disc of mass M and radius R is rolling with angular speed
® on a horizontal plane as shown in Figure. The magnitude
of angular momentum of the disc about the origin O is
(1999S - 2 Marks)

@ (12) MR

(b) ]\4R20) /_\(z)
©) (32) MR MO
d) 2MRo ¥

A cubical block of side a is mgving with velocity ¥ on a
horizontal smooth plane as shown in Figure. It hits a ridge
at point O. The angular speed of the block after it hits O is

(19998 - 2 Marks)
(@) 3Vi(4a) =
(b) 3VI(2a)

© 3 /(2a)
(d) zero

Along horizontal rod has a bead
which can slide along its length
and initially placed at a e

distance L from one end A of the rod. The rod is set in
angular motion about 4 with constant angular acceleration
o . If the coefficient of friction between the rod and the
bead is M, and gravity is neglected, then the time after which
the bead starts slipping is (2000S)

1
@ Ju/a () p/vo (©) ﬁ (d) infinitesimal

M —y

o
ALANNNNNNR NNNNNRRNNR NN N NR NRNRNNNNNN
o

10.

11.

A cubical block of side L rests on a rough horizontal surface
with coefficient of friction 1. Ahorizontal force F'is applied
on the block as shown. If the coefficient of friction is
sufficiently high so that the block does not slide before
toppling, the minimum force required to topple the block is

e (20008)

infinitesimal F
mg/4
(c) mg2

(d) mg(l-p
A thin wire oflength Land X
uniform linear mass density
p is bent into a circular
loop with centre at O as
shown. The moment of
inertia of the loop about the
axis XX is (2000S)
pl? pl?
@ gz O O
An equilateral triangle ABC formed from a uniform wire has
two small identical beads initially located at 4. The triangle
is set rotating about the vertical axis A4O. Then the beads are
released from rest simultaneously and allowed to slide down,
one along AB and the other along AC as shown. Neglecting
frictional effects, the quantities that are conserved as the
beads slide down, are (20008)
(a) angular velocity and total energy

(kinetic and potential) N y
(b) Total angular momentum and total ", \

energy
(©)
(d

@
(b)

Xl

SpL3

angular velocity and moment of
inertia about the axis of rotation
total angular momentum and C
moment of inertia about the axis of 0

rotation
One quarter sector is cut from a \D
uniform circular disc of radius R. This
sector has mass M. It is made to |
rotate about a line perpendicular to i
its plane and passing through the
center of the original disc. Its
moment of inertia about the axis of

rotation is (2001S)
1 1
—MR? b) —MR?
@ - ®
1
(©) gMRZ (d V2 MR?

A cylinder rolls up an inclined plane, reaches some height,

and then rolls down (without slipping throughout these

motions). The directions of the frictional force acting on the

cylinder are (2002S)

(a) up the incline while ascending and down the incline
descending

(b) up the incline while ascending as well as descending

(c) down the incline while ascending and up the incline
while descending

(d) down the incline while ascending as well as descending,
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Rotational Motion ® P-35
12. A circular platform is free to rotate in a horizontal plane  18. From a circular disc of radius R and mass 9M, a small disc of
about a vertical axis passing through its centre. A tortoise is radius R/3 isremoved from the disc. The m oment of inertia
sitting at the edge of the platform. Now, the platform is given of the remaining disc about an axis perpendicular to the
an angular velocity O When the tortoise move along a plane of the disc and passing through O is (2005S)
chord of the platform with a constant velocity (with respect AMR
to the platform), the angular velocity of the platform c(z) will @) 10 =
vary with time 7 as (20025) (b) o MR? 3 TZ R/3
o(t)
o(t) (c) 10 MR R
o /\ 37 2
@ o, ® @ 5 MR
. 19. A particle is confined torotate in a circular path decreasing
: linear speed, then which of the following is correct? (2005S)
o(t) oft) (@ L (angular momentum) is conserved about the centre
/\ (b) only direction of angular momentum [, is conserved
(©) % \_/ (d) % (c) It spirals towards the centre
(d) itsacceleration is towards the centre.
20. A solid sphere of mass M and radius R having moment of

13.

14.

15.

16.

17.

t t
Consider a body, shown in figure, consisting of two identical
balls, each of mass M connected by a light rigid rod. If an
impulse J=MV is imparted to the body at one of its ends,

what would be its angular velocity? (2003S)
(@ VL < L >

(b) 2VIL Me oM

() V3L I

d) VAL LY

A particle undergoes uniform circular motion. About which
point on the plane of the circle, will the angular momentum
of the particle remain conserved? (2003S)
(a) centre of the circle

(b) on the circumference of the circle.

(¢) insidethe circle

(d) outside the circle.

A horizontal circular plate is rotating about a vertical axis
passing through its centre with an angular velocity o . 4
man sitting at the centre having two blocks in his hands
stretches out his hands so that the moment of inertia of the
system doubles. If the kinetic energy of the system is K
initially, its final kinetic energy will be (2004S)
(@ 2K (b) K/2 () K d) K/4

A disc is rolling without slipping with angular velocity ©. P
and Q are two points equidistant from the centre C. The
order of magnitude of velocity is (2004S)
(a) Vo> Ve > Vp

®) vp>v.> Vo

© vp=v, Vo= vJ2

d) vp<v.> )

A block of mass m is at rest under the action of force F
against a wall as shown in figure. Which of the following

statement is incorrect? a 20058,
(@) f=mg [fftiction force] e -
(b) F=N ][N normal force] ‘a_

(¢ Fwill not produce torque | [ g

(d) N will not produce torque :

21.

22,

23.

inertia I about its diameter is recast into a solid disc of radius
rand thickness . The moment of inertia of the disc about an
axis passing the edge and perpendicular to the plane remains
I Then R and r are related as (2006 - 3M, -1)

2 _i

@ r=qysk ® =75k
2 N2

(C) r—lsR (d) r—gR

A small object of uniform
density rolls up a curved
surface with an initial
velocity v. It reaches up to

2 v
amaximum height of ?;L =
g

with respect to the initial position. The object is
(a) ring (b) solid sphere
(¢) hollow sphere (d) disc

A bob of mass M is suspended by a massless string of
length L. The horizontal velocity v at position 4 is just
sufficient to make it reach the point B. The angle 6 at which
the speed of the bob is half of that at A, satisfies— (2008)

(2007)

@) e=% B
(b) %<6<%

© §<e<%’t e
)] %T“<e<n A Y

Look at the drawing given in the figure which has been
drawn with ink of uniform line-thickness. The mass of ink
used to draw each of the two inner circles, and each of the
two line segments is m. The mass of the ink used to draw the
outer circle is 6 m.
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The coordinates of the centres of the different parts are:
outer circle (0, 0), left inner circle (- g, @), right inner circle
(a, a), vertical line (0, 0) and horizontal line (0, — @). The
y-coordinate of the centre of mass of the ink in this drawing

is (2009)
® 1 >
® 3

a L =
© 3 x
@ 3

A small mass m is attached to a
massless string whose other end is
fixed at P as shown in the figure. The
mass is undergoing circular motion in
the x-y plane with centre at O and
constant angular speed o. If the -
angular momentum of the system,
calculated about O and P are denoted

by L, and Lp respectively, then

(@ EO and EP do not vary with time
(b) ZO varies with time while ZP remains constant
(¢) L, remainsconstant while [, varies with time

(d) EO and EP both vary with time
A thin uniform rod, pivoted z

at O, is rotating in the
horizontal plane with
constant angular speed o,
as shown in the figure. At
time ¢ = 0, a small insect o

starts from O and MOVES () ——————
with constant speed v, with
respect to the rod towards
the other end. It reaches the end of the rod at # = T and
stops. The angular speed of the system remains ®

()
N—17

throughout. The magnitude of the torque (|7]) about O, as a
function oftime is best represented by which plot? (2012)

15l It|

i i

P H
@ NORNNVES t
T
© d j
t t
T T

A uniform wooden stick of mass 1.6 kg and length /rests in
an inclined manner on a smooth, vertical wall of height h(<
J) such that a small portion of the stick extends beyond the
wall. The reaction force of the wall on the stick is
perpendicular to the stick. The stick makes an angle of 30°
with the wall and the bottom of the stick is on a rough floor.

1.

The reaction of the wall on the stick is equal in magnitude to
the reaction of the floor on the stick. The ratio h// and the
frictional force fat the bottom of the stick are
(g=10ms32) (JEE Adv. 2016)

h 3 . 1643 h 3 163

AN p VN L AL
@ 757 3 ® 777 3

h 33 . 883 h 343 . 1643
TR N I VY N

116 3 I~ 16 3

1)l MCQ with One or More than One Correct

Two particles 4 and B initially at rest, move towards each
other under mutual force of attraction. At the instant when
the speed of 4 is V' and the speed of B is 2V, the speed of the
centre of mass of the system is (1982 - 3 Marks)
(@ 3V b) V
() 15V (d) zero
A mass M moving with a constant velocity parallel to the
X-axis. Its angular momentum with respect to the origin
(1985 - 2 Marks)
(a) iszero (b) remains constant
(c) goes on increasing (d) goes on decreasing
When a bicycle is in motion, the force of friction exerted by
the ground on the two wheels is such that it acts
(1990 - 2 Marks)
(a) inthe backward direction on the front wheel and in the
forward direction on the rear wheel.
(b) in the forward direction on the front wheel and in the
backward direction on the rear wheel.
(c) in the backward direction on both the front and the
rear wheels.
(d) inthe forward direction on both the front the rear wheels.
A particle of mass m is projected with a velocity v making an
angle of 45° with the horizontal. The magnitude of the angular
momentum of the projectile about the point of projection
when the particle is at its maximum height A is
(1990 - 2 Marks)

3
b myv
® 4\/§g

3
© %g d) my2gh®

A uniform bar of length 6a and mass 8m lies on a smooth
horizontal table. Two point masses m and 2m moving in the
same horizontal plane with speed 2v and v, respectively,
strike the bar [as shown in the fig.] and stick to the bar after
collision. Denoting angular velocity (about the centre of
mass), total energy and centre of mass velocity by @, E and
v, respectively, we have after collision (1991 - 2 Mark)

@ v.=0

(a) zero

2m
b) (,)=£ —3g——>
5a v C
(c) (z)=l -
5a = (| — e ) (] ey
2 v
@ £=> . (B
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Rotational Motion ® P-37
6. The moment of inertia of a thin square plate ABCD, Fig,, of (¢) angular momentum of the system does not change in
uniform thickness about an axis passing through the centre time

10.

11.

12.

O and perpendicular to the plane of the plate is

(1992 - 2 Marks)
@ Li+1 A 4 Bl
b L+, S
© I+ 3
@ L+L+13+], D C

. 2
where [;,1,,Iyand ], are respectively the moments of

intertial about axis 1,2, 3 and 4 which are in the plane of the
plate.

A tube of length L is filled completely with an incomressible
liquid of mass M and closed at both the ends. The tube is
then rotated in a horizontal plane about one of its ends with
auniform angular velocity o . The force exerted by the liquid
at the other end is (1992 - 2 Marks)

2
@) M‘;L b) Mo’L

2 o)
©) M(Z L ) Mo“L

A car is moving in a circular horizontal track of radius 10 m
with a constant speed of 10 m/s. A pendulum bob is
suspended from the roof of the car by a light rigid rod of
length 1.00 m. The angle made by the rod with track is
(1992 - 2 Mark)
(@) zero (b) 30°
(c) 45° d) 60
Let 7 be the moment of inertia of a uniform square plate
about an axis 4B that passes through its centre and is parallel
to two of its sides. CD is a line in the plane of the plate that
passes through the centre of the plate and makes an angle 6
with AB. The moment of inertia of the plate about the axis

CD is then equal to (1998S - 2 Marks)
(@ I (b) Isin?@
(c) Icos’0 (d) Icos?(6/2)

The torque T on a body about a given point is found to be
equal to A x L where A is a constant vector, and L is the
angular momentum of the body about that point. From this
it follows that (1998S - 2 Marks)

dL
(@ o is perpendicular to L at all instants of time.

(b) the component of L in the direction of A does not
change with time.

(c) the magnitude of L does not change with time.

(d) L does not change with time

A solid cylinder is rolling down a rough inclined plane of

inclination 6. Then (2006 - 5M, 1)

(@) The friction force is dissipative

(b) The friction force is necessarily changing

(c) The friction force will aid rotation but hinder translation

(d) The friction force is reduced if © is reduced

If'the resultant of all the external forces acting on a system

of particles is zero, then from an inertial frame, one can surely

say that (2009)
(@) linear momentum of the system does not change in
time

(b) kinetic energy of the system does not change in time

13.

14.

15.

16.

(d) potential energy of the system does not change in time
A sphere is rolling without slipping on a fixed horizontal
plane surface. In the figure, A is the point of contact, B is the
centre of the sphere and C is its topmost point. Then,
(2009)

-«

@ Ve-V4=2(V-V¢)
(b) VC —VB = VB _VA
(C) |‘7C _VAl = 2|VB —Vc|

A [Ve-Va|=4[Vgl A

Two solid spheres A and B of equal volumes but of different
densities d, and djare connected by a string. They are fully
immersed in a fluid of density d.. They get arranged into an
equilibrium state as shown in the figure with a tension in the

string. The arrangement is possible only if (2011)
(@ d,<d;

(b) dy>d; v

(© d,>d; N

(d) d,+d;=2d;

Athin ring of mass 2 kg and radius 0.5 m is rolling §vithout
on a horizontal plane with

velocity 1 m/s. A small 10 m/s
ball of mass 0.1 kg, 20 m/s
moving with velocity 20 7

0.75m ?m/s

m/s in the opposite
direction hits the ring at =
aheight of 0.75 m and goes vertically up with velocity 10 m/
s. Immediately after the collision (2011)
(a) thering has pure rotation about its stationary CM.
(b) the ring comes to a complete stop.

(c) friction between the ring and the ground is to the left.
(d) there is no friction between the ring and the ground.
The figure shows a system consisting of (i) a ring of outer
radius 3R rolling clockwise
without slipping on a
horizontal surface with
angular speed ® and (ii) an
inner disc of radius 2R
rotating anti-clockwise with |
angular speed ®/2. The ring
and disc are separated by
frictionless ball bearings. The
point P on the inner disc is at
a distance R from the origin,
where OP makes an angle of 30° with the horizontal. Then

IR

with respect to the horizontal surface, (2012
(a) the point O has linear velocity 3 Ro
. . 11 2 A
(b) the point P has linear velocity ZRO)I + %Ra)k .
. . o1 2 A
(c) the point P has linear velocity ISR(DI - chok

(d) the point P has linear velocity
(3 - ﬁ) Roi + 1120)12
4 4
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Two solid cylinders P and Q of same mass and same radius
start rolling down a fixed inclined plane from the same height
at the same time. Cylinder P has most of its mass
concentrated near its surface, while Q has most of its mass
concentrated near the axis. Which statement(s) is(are)
correct? (2012)
(@) Both cylinders P and Q reach the ground at the same
time.

Cylinders Phas larger linear acceleration than cylinder
0.

Both cylinders reach the ground with same translational
kinetic energy.

(b)
©
(d

Cylinder Q reaches the ground with larger angular
speed.

In the figure, a ladder of mass m is
shown leaning against a wall. It is H
in static equilibrium making an
angle 0 with the horizontal floor.
The coefficient of friction between
the wall and the ladder is p, and
that between the floor and the
ladder is p,. The normal reaction of
the wall on the ladder is Ny and that ~ p,
of the floor is N,. If the ladder is about to slip, then
(JEE Adv. 2014)

m
p =0,uy #0 and N, tan = 4

@ ;

(b) py#0,p, =0and Nltane=%

mg
(©) u1¢0u2¢0and 1+M1H2
(d) py =0,y #0 and Nltane=’”7g

A ring of mass M and radius R is rotating with angular speed
® about a fixed vertical axis passing through its centre O

M
with two point masses each of mass 3 at rest at O. These

masses can move radially outwards along two massless rods
fixed on the ring as shown in the figure. At some instant the

8
angular speed of the system is 90 and one of the masses is

3
at a distance of g R from O. At this instant the distance of

the other mass from O is

Q2

(JEE Ady. 2015)

20.

21.

2 1
@ 3R ) 3R

E R d iR
© 3 @ 3
Two thin circular discs of mass m and 4m, having radii ofa
and 2a, respectively, are rigidly fixed by a massless, rigid
rod oflength /= /245 through their centres. This assembly

is laid on a firm and flat surface, and set rolling without
slipping on the surface so that the angular speed about the
axis of the rod is ®. The angular momentum of the entire

assembly about the point ‘O’ is T_ (see the figure). Which
ofthe following statement(s) is (are) true? (JEE Adv. 2016)

///////////////////////////////////////////////////////////

(a) The centre of mass of the assembly rotates about the
z-axis with an angular speed of ®/5

(b) The magnitude of angular momentum of center of mass
of the assembly about the point O is 81 ma’w

(¢) The magnitude of angular momentum of the assembly
about its center of mass is 17 ma’w/2.

(d) The magnitude of the z-component of [ is 55 ma’w.

The position vector 7 ofa particle of mass m is given by the
following equation

F®)= ot’i+pt?.
where a=10/3ms3,p=5ms2andm=0.1 kg Att=1s,

which of the following statement(s) is(are) true about the
particle? (JEE Adv. 2016)
(@) The velocity v isgivenby v = (10f + 103’) ms™!
(b) Theangular momentum 1, with respect to the origin is
given by L=-53)k Nms

(¢) Theforce Fisgivenby = (1+2))N
(d

The torque 7 with respect to the origin is given by

T =—(203) k Nm

E Subjective Problems

A 40 kg mass, hanging at the end of a rope of length /,
oscillates in a vertical plane with an angular amplitude 6,,.
What is the tension in the rope when it makes an engle 6
with the vertical? If the breaking strength of the rope is
80 kg, what is the maximum amplitude with which the mass
can oscillate without the rope breaking? (1978)
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Rotational Motion ® P-39

2.  Alarge mass Mand a small mass m hang stick to the bar on collision. Calculate the loss of the kinetic
at two erﬁds gg a strﬁlg that pel;sseﬁs over E / energy of the system in the above collision process.

a smooth tube as shown in the figure. 1989 - 8 Marks,
The mass m moves around a circular 8.  Ahomogeneous rod 4B of length L = 1.8(m and mass M ii
path which lies in a horizontal plane. i pivoted at the centre O in such a way that it can rotate freely
The length of string from the mass mto in the vertical plane (Fig). The rod is initially in the horizontal
the top of the tube is /and 6 is the “angle’ position. An insect S of the same mass M falls vertically
et ks vt e et v L] 2nd 5. Tmmediatly aer flling, the inseet moves towards
3 KaSS m, 310 thatl ﬂle miss M rfemains stationary?  (1978) the end B such thaz the rod rotagt;:s with a constant angular
. circular plate ot unitorm veloci : 1992 - 8 Marks
thickness has a diameter of 56 cm. @) Dt}étg)rmine the f S )
A circular portion of diameter 42 angular velocity o 1P
cm is removed from one edge of interms of Vand L. v
the plate as shown in figure. (b) Ifthe insect reaches
Find the position of the centre of the end B when the /ll = C 3
mass of the remaining portion. 42¢ rod has turned % —L 4 L
(1980) S6cm tglz)l;oggtl‘é an.anngve of 4
: , determine V.

4 ;rﬁlgfczfaT?; ia{ix;hR? 9. A uniform thin rod of mass M and length L is standing
rests ok al [{dlizontal Vgrtlgally along the y-axison a smooth horlzoptal surface,
frictionless surface. A with its lower end at the origin (O,‘O). A slight disturbance at
uniform cylinder of radius r SRS = t = 0 causes Fh.e lower‘ end to slip on the smqoth surface

X , , along the positive x-axis, and the rod starts falling.
and mass m is released from rest at the top point 4 (see Fig). (1993-1+5 Marks)
The cylinder slips on the semicircular frictionless track. () What is the path followed by the centre of mass of the
How far has the block moved when the cylinder reaches rod during its fall?
the bottom (point B) of the track ? How fast is the block (i) Find the equation tothe trajectory of a point on the rod
moving when the cylinder reaches the bottom of'the track ? located at a distance r from the lower end. What is the
(1983 - 7 Marks) shape of the path of this point?

5. A particle is projected at time = 0 from a point P on the 10. A blOleX ofmasg 0.5 kg is held b}'? lOI}% rpassless string
ground with a speed v, at an angle 0of 45° to the horizontal. on a frictionless inclined plane of inclination 30° to the
Find the magnitude and direction of the angular momentum horizontal. The string is wound ona uniform solid cyllnfirlcal

. 4 - drum Y of mass 2 kg and of radius 0.2 m as shown in Figure.
of the particle about P attime t=v /g  (1984- 6 Marks) The drum is g initial 0 loci h that th

6. A small sphere rolls given an initial angular ve ocity such that the

X Y block X starts moving up the plane. (1994 - 6 Marks)
dﬁownt‘l:"t?om :'hl::lr)ml% (i) Find the tension in the string .

om the top ol a trac during the motion.
ina vertical plane. The - (i) At a certain instant of time the
track has an elevated - magnitude of the angular velocity
section and a horizontal 1 of Y is 10 rad s! calculate the ‘
part, The horizontal by distance travelled by X from that <
part is 1.0 metre above the ground level and the top of the instant of time until it comes to rest
track is 2.4 metres above the ground. Find the distance on 11. Twouniform thin rods.4 and B oflength 0.6
. . S ) each and of masses 0.01 kg and 0.02 kg
the ground with respect to the point B (which is vertically . P
. respectively are rigidly joined end to end. The A

belowthe end of the track as shown in fig.) where the sphere combination is pivoted at the lighter end, Pas
lands. During its flight as a projectile, does the sphere continue shown in fig. Such that it can freely rotate
to rotate about its centre of mass? Explain. (1987 - 7 Marks) about point P in a vertical plane. A small object B

7. A thin uniform bar lies on a frictionless of mass 0.05 kg, moving horizontally, hits the
horizontal surface and is free tomove in  10m/s Al lower end of the combination and sticks to it. *>
any way on the surface. Its mass is 0.16 What should be the velocity of the object so that the system
kg and length J3 meters. Two particles, ~ ——> could just be raised to the horizontal position.
each of mass 0.08 kg, are moving on the 6mss B .. (1994 - 6 Marks)

12. A rectangular rigid fixed block

same surface and towards the bar in a
direction perpendicular to the bar, one with a velocity of 10
m/s, and other with 6 m/s as shown in fig. The first particle
strikes the bar at point 4 and the other at point B. Points 4
and B are at a distance of 0.5m from the centre of the bar.
The particles strike the bar at the same instant of time and

has a long horizontal edge. A
solid homogeneous cylinder of
radius R is placed horizontally
at rest its length parallel to the
edge such that the axis of the
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cylinder and the edge of the block are in the same vertical
plane as shown in the figure below. There is sufficient friction
present at the edge so that a very small displacement causes
the cylinder to roll off the edge without slipping. Determine:
(1995 - 10 Marks)
(@) theangle 0 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 translational to rotational kinetic
energies of the cylinder when its centre of mass is in
horizontal line with the edge.
A small sphere of radius Y
R isheld against the inner
surface of a larger sphere
of radius 6R (Fig. P-3).
The masses of large and
small spheres are 4Mand 0
M, respectively, This R
arrangement is placed on
ahorizontal table. There is no friction between any surfaces
of contact. The small sphere is now released. Find the
coordinates of the centre of the larger sphere when the smaller
sphere reaches the other extreme position. (1996 - 3 Marks)
Two thin circular
disks 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 disk
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 the 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 ofthe truck and z axis as the vertically
upwards direction. Ifthe truck has an acceleration of 9 m/s?.
Calculate: (1997 - 5 Marks)
(1) The force of friction on each disk,
(i) Themagnitude and the direction of the frictional torque
acting on each disk about the centre of mass O of the
object. Express the torque in the vector form in terms

of unit vectors ; ,j' and k in the x,y, and z directions.
A wedge of mass m and triangular cross-section (4B =BC=

CA=2R) is moving with a constant velocity —vi towardsa
sphere of radius R fixed on a smooth horizontal table as
shown in Figure. The wedge makes an elastic collision with
the fixed sphere and returns along the same path without
any rotation. Neglect all friction and suppose that the wedge
remains in contact with the sphere for a very short time. Az,
during which the sphere exerts a constant force F on the
wedge. (1998 - 8 Marks)
A

z y
//7’ . v
—
7/
/
P
/
/
B C

16.

17.

18.

(a) Find the force F'and also the normal force N exerted by
the table on the wedge during the time At.

(b) Let & denote the perpendicular distance between the

centre of mass of the wedge and the line of action of

F. Find the magnitude of the torque due to the normal

force N about the centre of the wedge, during the

interval Az

A uniform circular disc
has radius R and mass
m. A particle also of
mass m, 1s fixed at a
point A on the edge of
the disc as shown in
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 4 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. (1998 - 8 Marks)
A man pushesa cylinder of mass m, with the help of a plank
of mass m, as shown in Figure. There in no slipping at any
contact. ’Ii‘le horizontal component of the force applied by

the man is F. (1999 - 10 Marks)
Find
(a) the accelerations of the F—> 1m,

plank and the center of
mass of the cylinder, and
(b) the magnitudes and
directions of frictional
forces at contact points.
Two heavy metallic
plates are joined together
at 90° to each other. A
laminar sheet of mass 30
kgishinged 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 4B and passing through its center of massis 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 4B. This distance
is chosen so that the reaction due to the hinges on the laminar
sheet is zero during the impact. (2001-10 Marks)
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,

(@) Find the location of the center of mass of the laminar

sheet from 4B.

At what angular velocity does the laminar sheet come

back after the first impact?

(c) After howmany impacts, does the laminar sheet come
to rest?

(b)
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Rotational Motion
19. Three particles 4, Band C, each of mass m, are connectedto ~ 20. A wooden log of mass Mand length Lis O
each other by three massless rigid rods to form a rigid, hinged by a frictionless nail at O. Abullet
equilateral triangular body of side ¢ . This body is placed on ofmasg m strikes with Velpc1ty vand sticks L
. . ey ) to it. Find angular velocity of the system
a horizontal frictioness table (x-y plane) and is hinged toit at immediately after the collision about O.
the point A so that it can move without friction about the
vertlf:al axis @rough A (see figure) The body is set into 21. A cylinder of mass m and radius R rolls down an inclined
rotational motion on the table about 4 with a constant angular Co . :
) plane of inclination 6. Calculate the linear acceleration of
velocity @. (2002 - 5 Marks ) the axis of cylinder.
Va 22. Two identical ladders, each of
i mass M and length L are resting
on the rough horizontal surface
as shown in the figure. A block
of mass m hangs from P. If the
system is in equilibrium, find the
magnitude and the direction of frictional force at 4 and B.
23. A rectangular plate of b
fli mass M and dimension a
F x b. is held in horlzontal
B< /4 > C position by striking n small a
) ) . balls (each of mass m) per
(@) Find the magnitude ofthe horizontal force exerted by unit area per second. The
the hinge on the body. balls are striking in the

(b) Attime 7, when the side BC is parallel to the x-axis, a
force F'is applied on Balong BC (as shown). Obtain the
x-component and the y-component of the force exerted
by the hinge on the body, immediately after time 7

't*'\T]"t

shaded half region of the plate. The collision of the balls
with the plate is elastic. What is v? (2006 - 6M)
(Given n=100, M=3kg,m=001kg, b=2m,a=1m;
g=10m/s?).

Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the statements in Column-I1 are
labelledp, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions

have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

P qQr s t

00000
®O0OC®
Q0OG®
®OOO®

Oaw»

Column-IT shows five systems in which two objects are labelled as X and Y. Also in each case a point Pis shown. Column-I gives

some statements about X and/or Y. Match these statements to the appropriate system(s) from Column IL.

Column-I
(A) The force exerted by X on Y has a magnitude Mg.

(B) The gravitational potential energy of X is
continuously increasing.

(p)

@

(2009)
Column 11
Y

A/

p
Block Y of mass M left on a fixed inclined plane X, slides on
it with a constant velocity.

P
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Two ring magnets Y and Z, each of mass M, are kept in
frictionless vertical plastic stand so that they repel each other.
Y rests on the base X and Z hangs in air in equilibrium. P is
the topmost point of the stand on the common axis of the
tworings. The whole system is in a lift that is going up with
a constant velocity.

(C) Mechanical energy of the system X +Y is @)
continuously decreasing.
P Y
o
Apulley Y of mass m,)is fixed to a table through a clamp X. A
block of mass M hangs from a string that goes over the
pulley and is fixed at point P of the table. The whole system
is kept in a lift that is going down with a constant velocity.
(D) The torque of the weight of Y about point P is zero. (s)
""" X--
P
A sphere Y of mass M s put in a non-viscous liquid X kept in
acontainer at rest. The sphere is released and it moves down
in the liquid.
VNN 550/S
""" X--
P
A sphere Y of mass M is falling with its terminal velocity in a
viscous liquid X kept in a container.
. . When disc B is brought in contact with disc 4, they acquire
G Comprehension Based Questions acommon angular velocity in time ¢ . The average frictional
torque on one disc by the other during this period is (2007)
PASSAGE -1 @ 2]o (b) 1 240) © 9o ) 3o
Two discs 4 and B are mounted coaxially on a vertical axle. The 2t 2t
discs have moments of inertia / and 2 I respectively about the 3. The loss of kinetic energy in the above process is (2007)
common axis. Disc 4 is imparted an initial angular velocity 2 © ) )
using the entire potential energy of a spring compressed by a (@) lo (b) lo
distance x, Disc B is imparted an angular velocity o by a spring 2 3
having the same spring constant and compressed by a distance ) )
x, .Both the discs rotate in the clockwise direction. © ITo” (d) o
1. Theratiox,/x, is (2007) 6
@ 2 ® PASSAGE -2
2
A uniform thin cylindrical disk of mass M and radius R is attached
(©) 2 (d) 1 to two identical massless springs of spring constant k which are
2 fixed to the wall as shown in the figure. The springs are attached
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Rotational Motion

o P43

to the axle of the disk symmetrically y
on either side at a distance d from its
centre. The axle is massless and both
the springs and the axle are in
horizontal plane.

The unstretched length of each
spring isL. The disk is initially at its
equilibrium position with its centre of

mass (CM) at a distance L from the d
wall. The disk rolls without slipping Vo
with velocity V,=V,i. The X

coefficient of friction isu.  (2008)

4.  Thenet external force acting on the disk when its centre of
mass is at displacement x with respect to its equilibrium
position is
(@) -kx b) -2kx (¢) -2kx/3 (d) —4kx/3

5. The centre of mass of the disk undergoes simple harmonic
motion with angular frequency o equal to—

K 2K 2K I
o f o0 o

6.  The maximum value of V for which the disk will roll without
slipping is —

(@ K8 T (b) ng E(c) Mg\ (d) ng o

PASSAGE-3

The general motion of a rigid body can be considered to be a
combination of (i) a motion of its centre of mass about an axis, and
(i1) its motion about an instantaneous axis passing through the
centre of mass.

These axes need not be stationary. Consider, for example, a thin
uniform disc welded (rigidly fixed) horizontally at its rim to a
massless, stick, as shown in the figure. When the disc-stick system
isrotated about the origin on a horizontal frictionless plane with
angular speed o, the motion at any instant can be taken as a
combination of (i) a rotation of the centre of mass of the disc
about the z-axis and (ii) a rotation of the disc through an
instantaneous vertical axis passing through its centre of mass (as
is seen from the changed orientation of points P and Q). Both
these motions have the same angular speed o in this case (2012)

X
Now consider two similar systems as shown in the figure: Case (a)
the disc with its face vertical and parallel tox-z plane; Case (b) the
disc with its face making an angle of 45° with x-y plane and its
horizontal diameter parallel to x-axis. In both the cases, the disc is
welded at point P, and the systems are rotated with constant
angular speed o about the z-axis.

'y 4.
S S

Case (a) x Case (b)

Which of the following statements about the instantaneous

axis (passing through the centre of mass) is correct?

(a) Itisvertical for both the cases (a) and (b)

(b) Itis vertical for case (a); and is at 45° to the x-z plane
and lies in the plane of the disc for case (b).

(¢) Itishorizontal for case (a); and is at 45° to the x-z plane
and is normal to the plane of the disc for case (b).

(d) Itisvertical for case (a); and is 45° to the x-z plane and
is normal to the plane of the disc for case (b).

Which of the following statements regarding the angular

speed about the instantaneous axis (passing through the

centre of mass) is correct?

(@ Itis V20 for both the cases
(b) Itis e for case (a); and ®/~/2 for case (b)

(¢) Itis for case (a), and /2 for case (b)
(d) Itis o for both the cases.

H Assertion & Reason Type Questions

STATEMENT-1: Ifthere is no external torque on a body about

its center of mass, then the velocity of the center of mass

remains constant.

STATEMENT-2: The linear momentum of an isolated system

remains constant. (2007)

(a) Statement-1 is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

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

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

STATEMENT-1 : Two cylinders, one hollow (metal) and the

other solid (wood) with the same mass and identical

dimensions are simultaneously allowed to roll without

slipping down an inclined plane from the same height. The

hollow cylinder will reach the bottom of the inclined plane

first.

STATEMENT-2 : By the principle of conservation of

energy, the total kinetic energies of both the cylinders are

identical when they reach the bottom of the incline. (2008)

(a) Statement-1is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

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

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

I Integer Value Correct Type

A binary star consists of two stars A (mass 2.2M) and B
(mass 11M,), where M_ is the mass of the sun. They are
separated by distance d and are rotating about their centre
of mass, which is stationary. The ratio of the total angular
momentum of the binary star to the angular momentum of
star B about the centre of mass is (2010)
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@
A boy is pushing a ring of mass
2 kgand radius 0.5 m with a stick
as shown in the figure. The stick
applies a force of 2N on the ring
and rolls it without slipping with
an acceleration of 0.3 m/s?. The
coefficient of friction between
the ground and the ring is large
enough that rolling always occurs and the coefficient of
friction between the stick and the ring is (P/10). The value of

Stick

Ground

Pis (2011)
Four solid spheres each of diameter /5 cm and mass 0.5kg
are placed with their centers at the corners of a square of
side 4 cm. The moment of inertia of the system about the
diagonal of the square is N x 10~*kg— m?, then N is.(2011)

A lamina is made by removing a small

disc of diameter 2R from a bigger disc

of uniform mass density and radius

2R, as shown in the figure. The moment P
of inertia of this lamina about axes

passing though O and P is I, and I,

respectively. Both these axes are

perpendicular to the plane of the lamina. The ratio I,/ 1, to
the nearest integer is (2012)
A uniform circular disc of mass 50 kg and radius 0.4 m is
rotating with an angular velocity of 10 rad s~! about its own
axis, which is vertical. Two uniform circular rings, each of
mass 6.25 kg and radius 0.2 m, are gently placed symmetrically
on the disc in such a manner that they are touching each
other along the axis of the disc and are horizontal. Assume
that the friction is large enough such that the rings are at
rest relative to the disc and the system rotates about the
original axis. The new angular velocity (in rad s7!) of the
system is (JEE Adv. 2013)
A horizontal circular platform of

radius 0.5 m and mass @
0.45 kg is free to rotate about its

axis. Two massless spring toy-

guns, each carrying a steel ball of

mass 0.05 kg are attached to the platform at a distance 0.25 m
from the centre on its either sides along its diameter (see
figure). Each gun simultaneously fires the balls horizontally
and perpendicular to the diameter in opposite directions.
After leaving the platform, the balls have horizontal speed of

Initial angular velocity of a circular disc of mass Mis ®,.
Then two small spheres of mass m are attached gently to
diametrically opposite points on the edge of the disc. What
is the final angular velocity of the disc? [2002]

@ (MA-;m)ml ) (M+m]m1

M M
© (M+4m] “1 @ [M+2”,J°)1‘

JEE Main / GIEEE

2.

4.

9 ms~! with respect to the ground. The rotational speed of
the platform in rad s~! after the balls leave the platform is
(JEE Adv. 2014)
A uniform circular disc of mass 1.5 kg F
and radius 0.5 m is initially at rest on a X
horizontal frictionless surface. Three
forces of equal magnitude F=0.5 N are
applied simultaneously along the three
sides of an equilateral triangle XYZwith
its vertices on the perimeter of the disc
(see figure). One second after applying
the forces, the angular speed of the disc
inrads!is (JEE Adv. 2014)
Two identical uniform discs roll without slipping on two
different surfaces AB and CD (see figure) starting at 4 and C
with linear speeds v, and v,, respectively, and always remain
in contact with the surfaces. Ifthey reach B and D with the
same linear speed and v, =3 m/sthen v, inm/s is (g= 10 m/s?)

(JEE Adv. 2015)

F

N AT

T

=3m/s

b
<

TTECECEETITITITITITI Y

\
\\

rrrrrrrn'n'n'?')'
i
<

F= 3
The densities of two solid spheres 4 and B of the same radii

R vary with radial distance r as p(¥) = k (%) and pg(r) =
’ 5
k (}) , respectively, where k is a constant. The moments

of inertia of the individual spheres about axes passing
Ig _n

through their centres are I, and /5, respectively. If E 10°

the value of  is (JEE Adv. 2015)

The minimum velocity (in ms™') with which a car driver must
traverse a flat curve of radius 150 m and coefficient of friction
0.6 to avoid skidding is [2002]
(@ 60 (b) 30 () 15 d) 25

A cylinder of height 20 m is completely filled with water. The
velocity of efflux of water (in ms™!) through a small hole on
the side wall of the cylinder near its bottom is [2002]
@ 10 (b) 20 (c) 255 d 5

Two identical particles move towards each other with
velocity 2v and v respectively. The velocity of centre of
mass is [2002]
(@ v (d) zero.

(b) v/3 © w2
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10.

11.

12.

13.
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A solid sphere, a hollow sphere and a ring are released from
top of an inclined plane (frictionless) so that they slide down
the plane. Then maximum acceleration down the plane is for
(norolling) 12002

(@) solid sphere (b) hollow sphere

(c) ring (d) allsame.

Moment of inertia of a circular wire of mass M and radius R
about its diameter is [2002]
(@) MR*2 (b) MR? () 2MR? (d) MR%/4.

A particle of mass m moves along line PC with velocity v as
shown. What is the angular momentum of the particle
about P? [2002]

(a) mvL
(b) mvl
(c) mvr

(d) zero. .’\O/

A circular disc X of radius R is made from an iron plate of
thickness ¢, and another disc Y of radius 4R is made from an

t
iron plate of thickness 1 Then the relation between the
moment of inertia / y and Iy is [2003]
(© Iy=Ix (d Iy=64Ix

A particle performing uniform circular motion has angular

frequency is doubled & its kinetic energy halved, then the

newangular momentum is [2003]

@ L 2L
4

L
(© 4L (d) 5

Let F be the force acting on a particle having position

vector 7 ,and T be the torque of this force about the origin.
Then 12003

(@ 7.T=0and F.T#0 (b) F.T=0and F.T=0

() 7.T#0and FT#0 () 7.T=0and F.T=0
A solid sphere is rotating in free space. If the radius of the
sphere is increased keeping mass same which one of the
following will not be affected ? [2004]
(@) Angular velocity (b) Angular momentum

(¢) Momentofinertia (d) Rotational kinetic energy
One solid sphere 4 and another hollow sphere B are of same
mass and same outer radii. Their moment of inertia about

their diameters are respectively / 4 and [z Such that

[2004]
@ Iy<lIp (b) 14>1Ip

La_ds
© Iy=1Ig @ 7,74,

where d 4 and dp are their densities.
A body 4 of mass M while falling vertically downwards

. . 1
under gravity breaks into two parts; a body B of mass 3

M and a body C of mass 2 M. The centre of mass of

bodies B and C taken together shifts compared to that of
body A towards [2005]

14.

15.

16.

17.

18.

19.

20.

21.

(@) does not shift

(b) depends on height of breaking
(¢c) body B

(d) body C

The moment of inertia of a uniform semicircular disc ofmass
M and radius r about a line perpendicular to the plane of the
disc through the centre is [2005]
(@) %Mrz (b) %Mr © %Mrz (d) Mr?

A ‘T’ shaped object with
dimensions shown in the figure,is 4

—_—
B

lying on a smooth floor. A force  F ° - I

is applied at the point P parallelto ~— . 2l

AB, such that the object has only 1

the translational motion without

rotation. Find the location of P with

respect to C. [2005] ¢
3 4
@ ! © ¢ @ 3*

2
2 ®) 3 ¢
Consider a two particle system with particles having masses
m, and m,. If the first particle is pushed towards the centre
of mass through a distance d, by what distance should the
second particle is moved, so as to keep the centre of mass at
the same position? 12006]

m
my +my

m; m
@ 9 © 7 ©5,7 @d
Four point masses, each of value m, are placed at the corners
of a square ABCD of side {. The moment of inertia of this
system about an axis passing through 4 and parallel to BD

is [2006]
@ 2me2 ) Bme2 © 3me2 (A me?

A force of —Fk acts on 0, the origin of the coordinate
system. The torque about the point (1, —1) is [2006]

@ F@-J) i
(b) -F(@+J)
© F(@+J) )

(d -F@-J) X

A thin circular ring of mass m and radius R is rotating about
its axis with a constant angular velocity ®. Two objects each
of mass M are attached gently to the opposite ends of a
diameter of the ring. The ring now rotates with an angular
velocity @' = [2006]
o(m+2M) o(m-2M)

@ m (m+2M)

om om
©  m+m) @ nr2

A circular disc of radius R is removed from a bigger circular
disc of radius 2R such that the circumferences of the discs
coincide. The centre of mass of the new disc is o / R form
the centre of the bigger disc. The value of ¢ is [2007]
(a) 114 (b) 173 () 12 d) 1/6

A round uniform body of radius R, mass M and moment of
inertia / rolls down (without slipping) an inclined plane
making an angle 6 with the horizontal. Then its acceleration
is [2007]
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@ gsinb gsinb
1- MR%*/1 141/ MR?
gsinb gsinb
— d —

© 1+ MR%/1 @ 1—1/MR?

Angular momentum of the particle rotating with a central
force is constant due to 12007
(a) constant torque

(b) constant force

(c) constant linear momentum

(d) =zerotorque

For the given uniform square lamina ABCD, whose centre
isO, [2007]

(a) 1 AC = \/5 1 EF D b C
) V2740 =Igr |
(© I4p=3Igr

(d) Tyc=1IgF
Athinrod of length ‘L’ is lying along the x-axis with its ends
atx=0 and x= L. Its linear density (mass/length) varies with

A" E B

n
xas k (%) , where n can be zero or any positive number. If

the position x,, of the centre of mass of the rod is plotted
against ‘n’, which of the following graphs best approximates
the dependence of x.,, on n? 12008]
Xem

a’ and mass ‘m’.

Consider a untform square plate of side *
The moment of inertia of this plate about an axis
perpendicular to its plane and passing through one of its

corners is [2008]
5 7 2
@ ma’ (0) o’ (@ ma (&) Fma’

A thin uniform rod of length / and mass m is swinging freely
about a horizontal axis passing through its end. Its maximum
angular speed is . Its centre of mass rises to a maximum
height of : [2009]
l2 2

. 12 0)2 12 o 2 ’
(a)6g ()2g (°)6g (

A mass m hangs with the help of a string wrapped around
a pulley on a frictionless bearing. The pulley has mass m
and radius R. Assuming pulley to be a perfect uniform
circular disc, the acceleration of the mass m, if the string
does not slip on the pulley, is: [2011]

g

2 3
@g B3 ©F @3
A thin horizontal circular disc is rotating about a vertical

axis passing through its centre. An insect is at rest at a
point near the rim ofthe disc. The insect now moves along

29.

30.

31.

32.

33.

34.

a diameter of the disc to reach its other end. During the
journey of the insect, the angular speed of the disc.

(a) continuously decreases [2011]
(b) continuously increases

(c) first increases and then decreases

(d) remains unchanged

A pulley of radius 2 m is rotated about its axis by a force
F= (20t — 5/2) newton (where ¢ is measured in seconds)
applied tangentially. If the moment of inertia of the pulley
about its axis of rotation is 10 kg-m? the number ofrotations
made by the pulley before its direction of motion is
reversed, is; [2011]
(a) more than 3 but less than 6

(b) more than 6 but less than 9

(c) morethan9

(d) lessthan3

A hoop of radius r and mass m rotating with an angular
velocity @ is placed on a rough horizontal surface. The
initial velocity of the centre of the hoop is zero. What will
be the velocity of the centre of the hoop when it ceases to

slip ? |JEE main 2013]|
T ey

@ 3 2
A bob of mass m attached to an inextensible string of length
1 is suspended from a vertical support. The bob rotates in a
horizontal circle with an angular speed o rad/s about the vertical.
About the point of suspension: [JEE Main 2014
(a) angular momentum is conserved.

(d) ro,

(b) angular momentum changes in magnitude but not in
direction.

(¢) angular momentum changes in direction but not in
magnitude.

(d) angular momentum changes both in direction and
magnitude.

Distance of the centre of mass of a solid uniform cone from

its vertex is z,. Ifthe radius of its base is R and its height ish

then z,, is equal to : [JEE Main 2015]
5h 3h2 h? 3h
@ b — (© R @

Froma solid sphere of mass M and radius R a cube of maximum
possible volume is cut. Moment of inertia of cube about an
axis passing through its center and perpendicular to one of

its faces is : [JEE Main 2015]
@ 4MR? ) 4MR? © MR? @ MR ?
e 9\3n 331 ¢ 3242n 162

A roller is made by joining B
together two cones at their

vertices O. It iskept on two rails

AB and CD, which are placed 4
asymmetrically (see figure), with ---- ’»
its axis perpendicular to CD and Q

its centre O at the centre of line

joining AB and Cd (see figure). G

It is given a light push so that it
starts rolling with its centre O moving parallel toCD in the
direction shown. As it moves, the roller will tend to :

(a) gostraight. |[JEE Main 2016
(b) turn left and right alternately.

(c) turnleft.

(d) turnright.
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CHAPTER

Gravitation

| IEEZ LYW JEE Advanced/ IIT-)EE

.9l Fill inthe Blanks 5

1.  The numerical value of the angular velocity of rotation of
the earth shouldbe ............ rad/s in order to make the effective
acceleration due to gravity equal to zero. (1984 - 2 Marks)

2. A geostationary satellite is orbiting the earth at a height of
6 R above the surface of the earth, where R is the radius of
the earth. The time period of another satellite at a height of
2.5 R from the surface of the earth is .......... hours.

(1987 - 2 Marks)

3. The masses and radii of the Earth and the Moon are A/}, R;and
M,, R, respectively. Their centres are at a distance dapart. The
minimum speed with which a particle of mass m should be
projected from a point midway between the two centres so as
toescape to infinityis.................. (1988 - 2 Marks)

4. A particle is projected vertically upwards from the surface
of earth (radius R ) with a kinetic energy equal to half of the
minimum value needed for it to escape. The height to which
it rises above the surface of earth is.... (1997 - 2 Marks)

B True/False

1. Itispossible to put an artificial satellite into orbit in such a
way that it will always remain directly over New Delhi.
(1984 - 2 Marks)

7.
C MCQs with One Correct Answer

1. Ifthe radius of the earth were to shrink by one percent, its
mass remaining the same, the acceleration due to gravity on

the earth’s surface would (1981 - 2 Marks)
(a) decrease (b) remain unchanged
(c) increase (d) bezero

2. Ifgisthe acceleration due to gravity on the earth’s surface,
the gain in the potential energy of an object of mass m
raised from the surface of the earth to a height equal to the
radius R ofthe earth, is (1983 - 1 Mark)

1 1
@) Eng (b) 2mgR(c) mgR (d) ngR

3. Ifthe distance between the earth and the sun were half its
present value, the number of days in a year would have
been (1996 - 2 Marks)
(@ &5 (b) 129 (c) 1825 (d) 730

4. A geo-stationary satellite orbits around the earth in a circular
orbit of radius 36,000km. Then, the time period of a spy
satellite orbiting a few hundred km above the earth's surface
(Reyrih = 6,400km) will approximately be (2002S)

(@ 12hr (b) 1hr (c) 2hr (d) 4hr
A simple pendulum is oscillating without damping. When
the displacement of the bob is less than maximum, its

acceleration vector g is correctly shown in : (2002S)

@ (b)

© @

A binary star system consists of two stars 4 and B which
have time period 7, and T}, radius R ;and Rz and mass M,

and M. Then (2006 - 3M, -1)
(@ ifT,>TgzthenR, >Ry (b) ifT,>Tzthen M,>Mp
(1) (R

o (7 ) @

A spherically symmetric gravitational system of particles

po for r<R
0 for r>R

where p,, is a constant. A test mass can undergo circular
motion under the influence of the gravitational field of
particles. Its speed v as a function of distance r (0 <r < )
from the centre of the system is represented by — (2008)

has a mass density p= {

¥ v
@/ (®)
A% R ' v R f
@/ @ ‘\
R R
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A thin uniform annular disc (see figure) of mass Mhas outer
radius 4R and inner radius 3R. The work required to take a
unit mass from point P on its axis to infinity is (2010)

2GM
- (42 -5)

@)

()~ @2-3)

GM 2GM
© 2z @ —p (2-1)
A satellite is moving with a constant speed ‘}/” in a circular
orbit about the earth. An object of mass ‘m’ is ejected from
the satellite such that it just escapes from the gravitational
pull of the earth. At the time ofits ejection, the kinetic energy
of the object is (2011)

@ =mV2 o) m?

2
> 2mV

2nr? @

1 .
A planet of radius R = 0% (radius of Earth) has the same

. 1] o~ o R
mass density as Earth. Scientists dig a well of depth 3 on

it and lower a wire of the same length and a linear mass
density 10-3 kg m~! into it. If the wire is not touching
anywhere, the force applied at the top ofthe wire by a person
holding it in place is (take the radius of Earth= 6 x 10° m and
the acceleration due to gravity on Earth is 10 ms—2)

(JEE Adv. 2014)
120N  (d) 150N

@ 9%N (b) 18N (¢

1) MCQs with One or More than One Correct

1.

Imagine a light planet revolving around a very massive star
in a circular orbit of radius R with a period of revolution 7' If
the gravitational force of attraction between the planet and
the star is proportional to R~/ (1989 - 2 Mark)
(@) T2 isproportional to R3

(b) T2 is proportional to R7/2

(c) T2 is proportional to R32

(d) 7% is proportional to R¥73

A solid sphere of uniform density and radius 4 units is located

with its centre at the origin O of coordinates. Two spheres

of equal radii 1 unit, with their centres at 4 (-2, 0 ,0) and

B (2, 0, 0) respectively, are taken out of the solid leaving

behind spherical cavities as shown in fig (1993-2 Marks)

Then : m

(@ The gravitational
force due to this
object at the origin is
Zero.

(b) the gravitational force
atthe point B(2,0,0)
iS Zero.

(c) the gravitational potential is the same at all points of
circle y2 + 22 = 36.

(d) the gravitational potential is the same at all points on
the circle y? + 22 =4.

The magnitudes of the gravitational field at distance 7| and

r, from the centre of a uniform sphere of radius R and mass

mare F| and F), respectively. Then: (1994 - 2 Marks)

F_n

(@ F_2=_ ifs<Rand r, <R
A_n

(b) R ’”12 ifi>Rand r, >R
A _n

() F2=_ ify>Randr, >R
L

) Fz_? ifi<Rand r, <R

A satellite S'is moving in an elliptical orbit around the earth.

The mass of the satellite is very small compared to the mass

of the earth. (1998S - 2 Marks)

(a) The acceleration of S is always directed towards the
centre of the earth.

(b) The angular momentum of .S about the centre of the
earth changes in direction, but its magnitude remains
constant.

(c) The total mechanical energy of S varies periodically
with time.

(d) The linear momentum of S remains constant in
magnitude.

Two spherical planets P and Q have the same uniform

density p, masses My and M, and surface areas 4 and 4A

respectively. A spherical planet R also has uniform density

p and its mass is (Mp + M,,). The escape velocities from the

planets P, Q and R are V), VQ and V', respectively. Then

(2012)
(a) Vo>Vg>Vp

1
© Vi Vp=3 @ VplVo=7

Two bodies, each of mass M, are kept fixed with a separation
2L.. A particle of mass m is projected from the midpoint ofthe
line joining their centres, perpendicular to the line. The
gravitational constant is G. The correct statement(s) is (are)

(JEE Adv. 2013)
(@) The minimum initial velocity of the mass m to escape

(b) Vg>Vp>Vp

/ GM
the gravitational field of the two bodies is 4 I

(b) The minimum initial velocity of the mass m to escape
GM

L
(¢) The minimum initial velocity of the mass m to escape

2GM

L

the gravitational field of the two bodies is 2

the gravitational field of the two bodies is

(d) The energy of the mass m remains constant

E Subjective Problems

Two satellites S; and S, revolve round a planet in coplanar
circular orbits in the same sense. Their periods of revolution
are 1 hour and 8 hours respectively. The radius of the orbit
of S is 10* km. When S, is closest to S, find
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(i) the speed of S, relative to S|,

(i) the angular speed of S, as actually observed by an
astronaut in S. (1986 - 6 Marks)

Three particles, each of mass m, are situated at the vertices

of an equilateral triangle of side length a. The only forces

acting on the particles are their mutual gravitational forces.

It is desired that each particle moves in a circle while

maintaining the original mutual separation a. Find the intial

velocity that should be given to each particle and also the
time period of the circular motion. (1988 - 5 Marks)

An artificial satellite is moving in a circular orbit around the

earth with a speed equal to half the magnitude of escape

velocity from the earth. (1990 - 8 Mark)

(i) Determine the height of the satellite above the earth’s
surface.

(i) If the satellite is stopped suddenly in its orbit and
allowed to fall freely onto the earth, find the speed with
which it hits the surface of the earth.

Distance between the centres of two stars is 10a. The masses

of these stars are M and 16M and their radii a and 2a,

respectively. A body of mass m is fired straight from the
surface of the larger star towards the smaller star. What
should be its minimum initial speed to reach the surface of

the smaller star? Obtain the expression in terms of G, M

and a. (1996 - 5 Marks)

A body is projected vertically upwards from the bottom of a

R
crater of moon of depth 100 where R is the radius of moon

with a velocity equal to the escape velocity on the surface
of moon. Calculate maximum height attained by the body
from the surface of the moon. (2003 - 4 Marks)

H Assertion & Reason Type Questions

STATEMENT - 1: An astronaut in an orbiting space station
above the earth experiences weightlessness.

because

STATEMENT - 2 : An object moving the earth under the
influence of Earth’s gravitational force is in a state of “free-
fall”. (2008)

(a) Statement- 1 is True, Statement-2 is True, Statement-2
is a correct explanation for Statement -1

(b) Statement -1 is True, Statement -2 is True ; Statement-
2 is NOT acorrect explanation for Statement - 1

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

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

I Integer Value Correct Type

.y : . 6
Gravitational acceleration on the surface of a planet is ST g.

where g is the gravitational acceleration on the surface of

2
the earth. The average mass density of the planet is —

times that of the earth. If the escape speed on the surface of
the earth is taken to be 11 kms™!, the escape speed on the
surface of the planet in kms~! will be (2010)
A bullet is fired vertically upwards with velocity v from the
surface of a spherical planet. When it reaches its maximum

1
height, its acceleration due to the planet's gravity is 1 th of

its value of the surface of the planet. If the escape velocity

from the planet is v, = v/ , then the value of N is (ignore

energy loss due to atmosphere) (JEE Adv. 2015)
A large spherical mass M is fixed at one position and two
identical point masses m are kept on a line passing through
the centre of M (see figure). The point masses are connected
by a rigid massless rod of length ¢ and this assembly is free
to move along the line connecting them. All three masses
interact only through their mutual gravitational interaction.
When the point mass nearer to M is at a distance » = 3( from

M, the tension in the rod is zero for m=k (2£88) The value

ofkis (JEE Adv. 2015)
M m m
-————{-——-} - - ———-
~ I' }\ l 7

il Section-B

1.

The kinetic energy needed to project a body of mass m from

the earth surface (radius R) to infinity is [2002]

(@) mgR2 (b) 2mgR (c) mgR (d) mgR/A.

If suddenly the gravitational force of attraction between

Earth and a satellite revolving around it becomes zero, then

the satellite will [2002]

(@) continue to move in its orbit with same velocity

(b) move tangentially to the original orbit in the same
velocity

(c) become stationary in its orbit

(d) move towards the earth

Energy required to move a body of mass m from an orbit of

radius 2Rto 3R is [2002]

(@ GMm/12R? (b) GMm/3R?

(c) GMmI8R (d) GMm/6R.

The escape velocity of a body depends upon mass as

(@ m° (b) m! [2002]

() m? d m.

5.

7.

The time period of a satellite of earth is 5 hours. If the
separation between the earth and the satellite is increased
to 4 times the previous value, the newtime period will become
(a) 10 hours (b) 80hours [2003]
(c) 40 hours (d) 20hours

Two spherical bodies of mass M and 5M & radii R & 2R
respectively are released in free space with initial separation
between their centres equal to 12 R. Ifthey attract each other
due to gravitational force only, then the distance covered by
the smaller body just before collision is [2003]
(@ 2.5R (b) 45R () 7.5R (d)15R
The escape velocity for a body projected vertically upwards
from the surface of earth is 11 km/s. Ifthe body is projected
at an angle of 45°with the vertical, the escape velocity will be

@ 11/2km/s (b) 22km/s [2003]

(© 11km/s %) %km/s
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A satellite of mass m revolves around the earth of radius R
at a height x from its surface. If g is the acceleration due to
gravity on the surface of the earth, the orbital speed of the

satellite is [2004]
2 R 2 \1/2
@ £ ©) 2 CENCE

The time period of an earth satellite in circular orbit is

independent of [2004]

(a) both the mass and radius of the orbit

(b) radius of its orbit

(c) the mass of the satellite

(d) neither the mass of the satellite nor the radius of its
orbit.

If ‘g’ isthe acceleration due to gravity on the earth’s surface,

the gain in the potential energy of an object of mass ‘m’

raised from the surface of the earth to a height equal to the

radius ‘R' of the earth is [2004]

1
@ 7R (©) s7gR  ©2mgR  (@meR

Suppose the gravitational force varies inversely as the nth

power of distance. Then the time period ofa planet in circular

orbit of radius ‘R’ around the sun will be proportional to
[2004]

n-1 n+l n-2
@ R" (b) R( 2) (©) R( 2) (d R( 2)
The change in the value of ‘g’ at a height ‘h’ above the
surface of the earth is the same as at a depth ‘d” below the
surface of earth. When both ‘d” and ‘A’ are much smaller
than the radius of earth, then which one of the following is
correct ? 12005

3h h
@ d=" (d=5 (©d=h (dd=2h

A particle of mass 10 g is kept on the surface of a uniform
sphere of mass 100 kg and radius 10 cm. Find the work to
be done against the gravitational force between them to
take the particle far away from the sphere (you may take G

=6.67x 107! Nm? /kg?) [2005]
(@) 333x10710J (b) 1334x10710g
(c) 667x107107 (d) 667x107°7J
Average density of the earth [2005]

(a) isacomplex function of g

(b) does not depend on g

(c) is inversely proportional to g

(d) isdirectly proportional to g

A planet in a distant solar system is 10 times more massive
than the earth and itsradius is 10 times smaller. Given that
the escape velocity from the earth is 11 km s7!, the escape
velocity from the surface of the planet would be [2008]
(@ 1.1kms! (b) 11kms?! (c) 110kms™ (d) 0.11kms!
This question contains Statement- 1 and Statement-2. Of the
four choices given after the statements, choose the one
that best describes the two statements. [2008]
Statement-1:

For a mass Mkept at the centre ofa cube of side ‘a’, the flux
of gravitational field passing through its sides 4 1 GM.
Statement-2:

Ifthe direction of a field due to a point source is radial and
its dependence on the distance ‘7’ from the source is given

1
as r_2 , its flux through a closed surface depends only on

17.

18.

19.

20.

21.

22,

23.

the strength of the source enclosed by the surface and not

on the size or shape of the surface.

(a) Statement -1 isfalse, Statement-2 is true

(b) Statement-1 is true, Statement-2 is true; Statement -2 is
acorrect explanation for Statement-1

(c) Statement-1 is true, Statement-2 is true; Statement -2
is not a correct explanation for Statement- 1

(d) Statement -1 istrue, Statement-2 is false

The height at which the acceleration due to gravity becomes

% (where g = the acceleration due to gravity on the surface

ofthe earth) in terms of R, the radius ofthe earth, is : [2009]

R
@ ﬁ (b) R/2 © 2R (d)2R

Two bodies of masses m and 4 m are placed at a distance 7.
The gravitational potential at a point on the line joining

them where the gravitational field is zero is: [2011]
@ - -2 9 -2 @z

The mass of a spaceship is 1000 kg. It is to be launched from
the earth's surface out into free space. The value of gand R
(radius of earth) are 10 m/s? and 6400 km respectively. The
required enerﬁy for this work will be : [2012]
(a) 6.4x10""'Joules (b) 6.4 x 108 Joules

(c) 6.4 x10°Joules (d) 6.4 x 1010 Joules

What is the minimum energy required to launch a satellite of
mass m from the surface ofa planet of mass M and radius R

ina circular orbit at an altitude of 2R?  [JEE Main 2013]
5GmM 2GmM GmM GmM
@~ O 3R O O

Four particles, each of mass M and equidistant from each
other, move along a circle of radius R under the action of
their mutual gravitational attraction. The speed of each particle
is: [JEE Main 2014]

@ 0 (2250

© /GTM(HNE) ) %‘/GTM(HNE)

R
From a solid sphere of mass M and radius R, a spherical
portion of radius R/2 is removed, as shown in the figure.
Taking gravitational potential V=0 atr = oo, the potential at

the centre of the cavity thus formed is: [JEE Main 2015]
(G = gravitational constant)
[
/
-2GM -2GM -GM -GM
@ S O 2~ ©0 @

A satellite is revolving in a circular orbit at a height 'h' from
the earth's surface (radius of earth R; h <<R). The minimum
increase in its orbital velocity required, so that the satellite
could escape from the earth's gravitational field, is close to
. (Neglect the effect of atmosphere.) [JEE Main 2016]

@ JeR/2 (b) VeR(v2-1)
(© 2eR @ JeR
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I Section-A

A Fill in the Blanks 4.

A wire of length L and cross sectional area 4 is made of a
material of Young’s modulus Y. Ifthe wire is stretched by an
amount x, the work done is ................. (1987 - 2 Marks)
A solid sphere of radius R made of a material of bulk modulus
K is surrounded by a liquid in a cylindrical container. A
massless pistion of area 4 floats on the surface of the liquid.

When a mass M is placed on the piston to compress
the liquid the fractional change in the radius of the sphere,
(1988 - 2 Mark)
A piece of metal floats on mercury. The coefficients of
volume expansion of the metal and mercury are y; and v,

respectively. If the temperatures of both mercury and the
metal are increased by an amount AT , the fraction of the
volume of the metal submerged in mercury changes by the
(1991 - 2 Mark)
A horizontal pipeline carries water in a streamline flow.
At a point along the pipe, where the cross- sectional
area is 10 cm?, the water velocity is 1 ms™! and the
pressure is 2000 Pa. The pressure of water at another

point where the cross-sectional area is 5 cm?, is... Pa.
(Density of water = 103 kg.m™3) (1994 - 2 Marks)

B True/False

A man is sitting in a boat which is floating in a pond. Ifthe
man drinks some water from the pond, the level of the water
in the pond decreases. (1980)
A barometer made of a very narrow
tube (see Fig) is placed at normal
temperature and pressure. The
coefficient of volume expansion of
mercury is 0.00018 per C° and that
of the tube is negligible. The
temperature of mercury in the barometer is now raised by
1°C, but the temperature of the atmosphere does not change.
Then the mercury height in the tube remains unchanged.
(1983 - 2 Marks)
Water in a closed tube (see Fig) is heated Tk 7
with one arm vertically placed above a lamp.
Water will begin to circulate along the tube
in counter-clockwise direction.

(1983 - 2 Marks)

Mechanical Properties

of Solids and Fluids

JEE Advanced/ IIT-JEE

A block of ice with a lead shot embedded in it is floating on
water contained in a vessel. The temperature of the system
is maintained at 0°C as the ice melts. When the ice melts

completely the level of water in the vessel rises .
(1986 - 3 Marks)

MCQs with One Correct Answer

A vessel containing water is given a constant acceleration
‘a’ towards the right along a straight horizontal path. Which
of the following diagrams in Fig. represents the surface of
the liquid ? (1981- 2 Marks)

(@) (b)
The following four wires are made of the same material.
Which of these will have the largest extension when the

same tension is applied ? (1981- 2 Marks)

(a) length=50cm,diameter=0.5 mm

(b) length=100 cm, diameter=1 mm

(¢) length=200 cm, diameter=2 mm

(d) length=300cm, diameter =3 mm.

A U-tube of uniform cross section (see Fig) is partially filled

with a liquid I. Another liquid IT which does not mix with

liquid I is poured into one side. It is found that the liquid

levels of the two sides of the tube are the same, while the

level of liquid I has risen by 2 cm. If the specific gravity of

liquid I is 1.1, the specific gravity of liquid IT must be
(1983 - 1 Mark)

@ 112
(b) 11
() 105

d 10

A homogeneous solid cylinder of length L (L < H/2), cross-
sectional area 4/5 is immersed such that it floats with its axis
vertical at the liquid-liquid interface with length L/4 in the
denser liquid as shown in the figure. The lower density
liquid is open to atmosphere having pressure P Then
density D of solid is given by (1995S)
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of the container is A. Ifa/4 = 0.1 then v2 is (where v is the
(@ —d A velocity of water coming out of the hole) (2005S)
(a) %0 (b) sl (c) 48 (d) 515
4 10. When temperature of a gas is 20°C and pressure is changed
) 34 from p, = 1.01 x 105 Pa to p, =1.165 x 103 Pa then the
©) 4d volume changed by 10%. The bulk modulus is  (2005S)
: - (@) 155x10°Pa (b) 0.115x 10°Pa
@ d : ! (c) 1.4x105Pa (d) 1.01x105Pa
5 ‘ ’ 11. A glass tube of uniform T
Alarge open tank has two holes in the wall. One isa square internal radius (r) hasa valve
hole of side L at a depth y from the top and the other is a separating the two identical
circular hple ofradiusRata depth 4 y from the top.’When ends. Initially, the valve is in
the tank is completely filled with water, the quantities of a tightly closed position. 5% J
%aiter f}laowlng 0111t per second from both holes are th; 0832.1;. End 1 has a hemispherical soap bubble of radiusr. End 2 has
en, Ris equal to ( ) sub-hemispherical soap bubble as shown in figure. Just after
L £ opening the valve, (2008)
@ 2n ®) 2ni © L @ 2n (a) air from end 1 flows towards end 2. No change in the
A hemispherical portion of radius R is removed from the volume of the soap bubbles
bottom of a cylinder of radius R. The volume of the remaining (b) air from end 1 flows towards end 2. Volume of the soap
cylinder is V and its mass M. It is suspended by a string in bubble at end 1 decreases
a liquid of density p where it stays vertical. The upper (¢) no changes occurs
surface of the cylinder is at a depth 4 below the liquid surface. (d) air from end 2 flows towards end 1. volume of the soap
The force on the bottom of the cylinder by the liquid is bubble at end 1 increases
sz 12. A thin uniform cylindrical shell, closed at both ends, is
(@) Mg (20015) partially filled with water. It is floating vertically in water in
(b) Mg—Vpg s half-spbmerged state. ‘If p. is the relative density of the
- material of the shell with respect to water, then the correct
2 B statement is that the shell is (2012-11)
(©) Mg+nRhpg E (@) more than half-filled if p  isless than 0.5.
) pg(V+nR2h) = (b) more than half-filled if p, is more than 1.0.
‘ i (¢) half-filled if p, ismore than 0.5.
A wooden block, with a coin — (d) lessthan half-filled if p, is less than 0.5.
placed on its top, floats in 13. One end of a horizontal thick copper wire of length 2L and
water as shown in figure. The radius 2R is welded to an end of another horizontal thin
distance ¢ and h are shown copper wire of length L and radius R. When the arrangement
here. After some time the coin is stretched by applying forces at two ends, the ratio of the
falls into the water. Then Pe & elongation in the thin wire to that in the thick wire is
(@) ¢ decreases and /4 increases (20028) (@ 025 (b) 0.50 (JEE Adv. 2013)
(b) ¢ increases and s decreases () 200 (d) 4.00
14. A glass capillary tube is of the shape of a truncated cone

(¢c) both ¢ and & increase (d) both ¢ and % decrease

The adjacent graph shows the estension (A() of a wire of
length 1 m suspended from the top of a roof at one end and
with a load W connected to the other end. If the cross-
sectional area of the wire is 107 m2, calculate the Young’s

modulus of the material of the wire. (2003S)
(@ 2x10"N/m A“(:(10'4m)

(b) 2x10"'N/m )

(¢) 3x102N/m i

(d 2x10"3N/m LI N

Water is filled in a container upto height 3m. A small hole
of area ‘a’ is punched in the wall of the container at a
height 52.5 cm from the bottom. The cross sectional area

with an apex angle o so that its two ends have cross sections
of different radii. When dipped in water vertically, water rises
in it to a height A, where the radius of its cross section is b. If
the surface tension of water is S, its density is p, and its
contact angle with glass is 6, the value of 4 will be (g is the
acceleration due to gravity) (JEE Ady. 2014)

@) %cos(e -a)

(b) %cos(e +a) -
© %cos(e -a/2)

) %cos(e +ou/2)
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MCQs with One or More than One Correct

A body floats in a liquid contained in a beaker. The whole
system as shown in Figure falls freely under gravity. The
upthrust on the body is (1982 - 3 Marks)

(a) zero
(b) equal to the weight of the liquid displaced
(c) equal to the weight of the body in air
(d) equal to the weight of the immersed portion of the body
The spring balance 4 reads 2 kg with a block m suspended
from it. 4 balance B reads 5 kg when a beaker with liquid is
put on the pan of the balance. The two balances are now so
arranged that the hanging mass is inside the liquid in the
beaker as shown in the figure. In this situation:

(1985 - 2 Marks)

(a) thebalance 4 will read more than 2 kg

(b) thebalance B will read more than 5 kg

(c) the balance A will read less than 2 kg
and B will read more than 5 kg

(d) thebalance 4 and B will read 2 kg and
5 kg respectively

A vessel contains oil (density = 0.8 gm/cm?) over mercury

(density = 13.6 gm cm?). A homogeneous sphere floats with

halfits volume immersed in mercury and the other half'in oil.

The density of the material of the sphere in gm/cm? is

(1988 - 2 Mark)

@ 33 (b) 64
(c) 72 d 128
Two rods of different materials having coefficients of thermal

expansion o, o, and Young’smodulii Y;,Y, respectively

are fixed between two rigid massive walls. The rods are
heated such that they undergo the same increase in

temperature. There is no bending of the rods. If a;: o) =
2 : 3, the thermal stresses developed in the two rods are

equal provided Y; : Y, isequal to (1989 - 2 Mark)
(@ 2:3 (b) 1:1
() 3:2 d 4:9
Water from a tap emerges vertically downwards with an
initial spped of 1.0 m s~!. The cross-sectional area of the tap
is 10~* m2. Assume that the pressure is constant throughout
the stream of water, and that the flow is steady. The cross-
sectional area of the stream 0.15 m below the tap is

(1998S - 2 Marks)
(@ 50x10%*m? () 1.0x105m?
() 50x10°m? (d) 2.0x105m?
A solid sphere of radius R and density p is attached to one
end of a mass-less spring of force constant k. The other end
of the spring is connected to another solid sphere of radius
R and density 3p. The complete arrangement is placed in a
liquid of density 2p and is allowed to reach equilibrium. The
correct statement(s) is (are) (JEE Adv. 2013)

41|:R3pg
3k

(@) The net elongation of the spring is

8nR> pg
3k

(c) Thelight sphere is partially submerged

(d) The light sphere is completely submerged

In plotting stress versus strain curves for two materials P
and Q,a student by mistake puts strain on the y-axis and
stress on the x-axis as shown in the figure. Then the correct
statement(s) is (are) (JEE Adv. 2015)

(b) The net elongation of the spring is

A

Strain
<

A\ 4

Stress
(@) P has more tensile strength than O
(b) Pismore ductilethan Q
(¢) Pismore brittle than Q
(d) The Young's modulus of P is more than that of Q
A spherical body of radius R consists of a fluid of constant
density and is in equilibrium under its own gravity. If P(r) is
the pressure at n(r < R), then the correct option(s) is (are)
(JEE Adv. 2015)

1\ P(r=3R/4) _63

@ Pr=0)=0 ® S =2rm) 80
P(r=3RI5) _16 P(r=R12) _20

© Ppr=2r5) 21 @D pe=prn3) 27

Two spheres P and Q of equal radii have densities p; and
p,, respectively. The spheres are connected by a massless
string and placed in liquids L, and L, of densities 6, and 5,
and viscosities 1; and m,, respectively. They float in
equilibrium with the sphere P in L, and sphere Q in L, and
the string being taut (see figure). If sphere P alone in L, has

terminal velocity Vp and Qalone in L, has terminal velocity

Vo, then (JEE Adv. 2015)
Vp _m

@ Pl m L, e
Vp m

— = L
® Tl m : a
) Vp .VQ >0

d VpVg<0
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Subjective Problems

A column of mercury of 10 cm length is contained in the
middle of a narrow horizontal 1 m long tube which is closed
at both the ends. Both the halves of the tube contain air at
a pressure of 76 cm of mercury. By what distance will the
column of mercury be displaced if the tube is held vertically?

(1978)
A point mass m is suspended at the end of a massless wire
of length / and cross section 4. If Y is the Young’s modulus
for the wire, obtain the frequency of oscillation for the simple
harmonic motion along the vertical line. (1978)
A cube of wood supporting 200 gm mass just floats in water.
When the mass is removed, the cube ruses by 2cm. What is
the size of the cube? (1978)
A boat floating in a water tank is carrying a number of large
stones. If the stones are unloaded into water, what will
happen to the water level? (1979)

A wooden plank oflength 1 m and uniform cross-section is
hinged at one end to the bottom of a tank as shown in fig
The tank is filled with water upto a height 0.5 m. The specific
gravity of the plank is 0.5. Find the angle 6 that the plank
makes with the vertical in the equilibrium position. (Exclude
the case 6 =0°) (1984- 8 Marks)

A ball of density d is dropped on to a horizontal solid surface.

It bounces elastically from the surface and returns to its
original position in a time ¢,. Next, the ball is released and it
falls through the same height before striking the surface of
aliquid of density of d; (1992 - 8 Marks)

(@) Ifd<d,, obtain an expression (in terms of d, ¢, and d,)
for the time £, the ball takes to come back to the position
from which it was released.

Is the motion of the ball simple harmonic?

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.

A container of large uniform cross-sectional 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 as shown in the figure. The lower density liquid
is open to the atmosphere having pressure P .

(1995 -5+5 Marks)

N

€E—xXx—>
(@ A homogeneous solid cylinder of length L(L < H/2),
cross-sectional area 4/5 is immersed such that it floats
with its axis vertical at the liquid-liquid interface with
length L/4 in the denser liquid. Determine:

(b)
©

10.

(i) the density D of the solid and
(i1) the total pressure at the bottom of the container.
The cylinder is removed and the original arrangement
is restored. A tiny hole of area s(s << A4) is punched on
the vertical side of the container at a height i(h < H/2).
Determine :
() theinitial speed of efflux of the liquid at the hole,
(i) the horizontal distance x travelled by the liquid
initially, and
(iii) the height A, at which the hole should be punched
so that the liquid travels the maximum distance x,,
initially. Also calculate x,,.
(Neglect the air resistance in these calculations.)
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
Figure. The area of cross section of the tube two points P
and Q at heights of 2 metres and 5 metres are respectively
4x10~3 m? and 8x10-3 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 gravity forces as the fluid flows from point
Pto Q. (1997 - 5 Marks)

(b

1
1
1
1
1
1
1
1
k12

i 2m
¥

A uniform solid cylinder of

density 0.8 g/cm? floats in 1

equilibrium in a combination of e h

two non-mixing liquids 4 and

B with its axis vertical.

The densities of the liquids 4 h,

and Bare 0.7 g/cm3and 1.2 g/ A

cm’, respectively. The height

ofliquid 4 is h,=1.2 cm. The s

length of the part of the

cylinder immersed in liquid B

ishy,=0.8cm. (2002 - 5 Marks )

(a) Find the total force exerted by liquid A4 on the cylinder.

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

(¢) The cylinder is depressed in such a way that its top
surface is just below the upper surface of liquid 4 and is
then released. Find the acceleration of the cylinder
immediately after it is released.

A bubble having surface tension T and radius R is formed

on aring of radius b (b << R). Air is blown inside the tube

with velocity v as shown. The air molecule collides
perpendicularly with the wall of the bubble and stops.

Calculate the radius at which the bubble separates from the

ring. (2003 - 4 Marks)

—_
y —>

—
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11. Shown in the figure is a <« DP—> 13. A uniform wire having mass per unit length A is placed over
container whose top and 4 a liquid surface. The wire causes the liquid to depress by
bottom diameters are Dand d (v << a) as shown in figure. Find surface tension of liquid.

12.

F

respectively. At the bottom of "
the container, there is a
capillary tube of outer radius
b and inner radius a.
The volume flow rate in the ¥
capillary is Q. Ifthe capillary <«d—>
is removed the liquid comes out with a velocity of v,. The
density of the liquid is given as p. Calculate the coefficient
of viscosity 1. (2003 - 4 Marks)
A tube has two area of cross-sections as shown in figure.
The diameters of the tube are 8 mm and2 mm. Findrangeof 14, A U tube is rotated about one of fe
water falling on horizontal surface, if piston is moving with it’s limbs with an angular
a constant velocity of 0.25 m/s, h=1.25m (g = 10 m/s?)
(2004 - 2 Marks)

p Neglect end effect. (2004 - 2 Marks)

Ye

velocity o. Find the difference
in height H of the liquid
(density p) level, where
diameter of the tube d << L.
(2005 - 2 Marks)

Match the Following

DIRECTIONS (Q. No. 1) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of
which ONLY ONE is correct.

1.

G

A person in lift is holding a water jar, which has a small hole at the lower end ofits side. When the lift is at rest, the water jet coming
out of the hole hits the floor of the lift at a distance d of 1.2 m from the person. In the following, state of the lift’s motion is given
in List-I and the distance where the water jet hits the floor of the lift is given in List-II. Match the statements from List-I with those

in List-1I and select the correct answer using the code given below the lists. (JEE Adv. 2014)
List-1 List-11

P. Liftisaccelerating vertically up 1. d=12m

Q. Liftisaccelerating vertically down with an acceleration less 2. d>12m
than the gravitational acceleration

R Lift is moving vertically up with constant speed 3. d<12m

S.  Liftis falling freely 4.  No water leaks out of the jar

Code:

(a) P-2,Q-3,R-2,S4 (b) P-2,Q-3,R-1,S-4 (©) P-1,Q-1,R-1,8-4 (d) P-2,Q-3,R-1,S-1
Comprehension Based Questions Situation I : Initially, the tank is filled with water of density ptoa

height such that the height of water above the top of the block is
PASSAGE-1 h, (measured from the top of the block).

A cylindrical tank has a hole of diameter 27 in its bottom. The hole  Situation II : The water is removed from the tank to a height 4,
is covered wooden cylindrical block of diameter 4r, height hand  (measured from the bottom of the block), as shown in the figure.
density p/3. The height £, is smaller than & (height of the block) and thus the

block is exposed to the atmosphere.
1.  Find the minimum value of height 4, (in situation 1), for
which the block just starts to move up? (2006 - 5M, -2)
2h 5h 5h

h
@3 By ey @

1
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2. Find the height of the water level 4, (in situation 2), for
which the block remains in its original position without the
application of any external force (2006 - 5M, -2)

h b 4h 2h
@ 3 ® 5 © 3
3. Insituation 2, if , is further decreased, then
(2006 - 5M, -2)
(a) cylinder will not move up and remains at its original
position

) h

h
(b) forh,= 3> cylinder again starts moving up

h
(c) forh,= 1 cylinder again starts moving up

h
(d) forh,= 3> cylinder again starts moving up

PASSAGE-II

When liquid medicine of density p is to put in the eye, it is done
with the help of a dropper. As the bulb on the top of the dropper
is pressed, a drop forms at the opening of the dropper. We wish to
estimate the size of the drop. We first assume that the drop formed
at the opening is spherical because that requires a minimum
increase in its surface energy. To determine the size, we calculate
the net vertical force due to the surface tension 7 when the radius
of the drop is R. When this force becomes smaller than the weight
of the drop, the drop gets detached from the dropper.
4.  Iftheradius of the opening of the dropper is r, the vertical

force due to the surface tension on the drop of radius R

(assuming r <<R) is (2010)
(@ 2nrT (b) 2mRT

2nr’T 2nR’T
© @

5. Hfr=5x 10'4m,p= 10 kgm_3,g =10ms2,T=0.11Nm™,
the radius of the drop when it detaches from the dropper is

approximately (2010)
@ 14x107m (®) 33x103m
(© 20x102m (@ 4.1x103m

6.  After the drop detaches, its surface energy is (2010)

b) 2.7x107°J

(d 8.1x107°J

PASSAGE-III

A spray gun is shown in the figure where a piston pushes air out
of'a nozzle. A thin tube of uniform cross section is connected to
the nozzle. The other end ofthe tube is in a small liquid container.
As the piston pushes air through the nozzle, the liquid from the
container rises into the nozzle and is sprayed out. For the spray
gun shown, the radii of the piston and the nozzle are 20 mm and
1 mm respectively. The upper end of the container is open to the
atmosphere.

B

@ 1.4x107°J
(© 54x107°°J

If the piston is pushed at a speed of S mms™!, the air comes
out of the nozzle with a speed of (JEE Adv. 2014)
(@ 0.1ms’! (b) 1ms’!

() 2ms’! (d) 8ms’!

If the density of air is p,, and that of the liquid p;, then for a
given piston speed the rate (volume per unit time) at which
the liquid is sprayed will be proportional to (JEE Ady. 2014)

Pq p
(@ E (®) JPap; (©) \/g @ p,

Assertion & Reason Type Questions

STATEMENT-1 : The stream of water flowing at high speed

from a garden hose pipe tends to spread like a fountain

when held vertically up, but tends to narrow down when

held vertically down.

STATEMENT-2 : In any steady flow of an incompressible

fluid, the volume flowrate of the fluid remains constant.

(2008)

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

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

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

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

Integer Value Correct Type

Two soap bubbles 4 and B are kept in a closed chamber
where the air is maintained at pressure 8 N/m2. The radii of
bubbles 4 and B are 2 ¢cm and 4 c¢m, respectively. Surface
tension of the soap-water used to make bubbles is 0.04 N/m.
Find the ratio ng/n,, where n, and ng are the number of
moles of air in bubbles 4 and B, respectively. [Neglect the
effect of gravity.] (2009)
A cylindrical vessel of height 500 mm has an orifice (small
hole) at its bottom. The orifice is initially closed and water is
filled in it up to height H. Now the top is completely sealed
with a cap and the orifice at the bottom is opened. Some
water comes out from the orifice and the water level in the
vessel becomes steady with height of water column being
200 mm. Find the fall in height (in mm) of water level due to
opening of the orifice.

[Take atmospheric pressure = 1.0 x 103 N/m?2, density of
water = 1000 kg/m3‘and g = 10 m/s2. Neglect any effect of
surface tension. ] (2009)
A 0.1 kg mass is suspended from a wire of negligible mass.
The length of the wire is 1m and its crosssectional area is
4.9 x 1077 m2. If the mass is pulled a little in the vertically
downward direction and released, it performs simple
harmonic motion of angular frequency 140 rad s~!. If the
Young’s modulus of the material of the wire isn x 10° Nm™2,
the value of n is (2010)
Consider two solid spheres P and Q each of density 8 gm
cm3 and diameters 1 cm and 0.5 cm, respectively. Sphere P
is dropped into a liquid of density 0.8 gm cm=3 and viscosity
n =3 poiseulles. Sphere Q is dropped into a liquid of density
1.6 gm cm™3 and viscosity 1) = 2 poiseulles. The ratio of the
terminal velocities of Pand Q is (JEE Adv. 2016)
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A spring of force constant 800 N/m has an extension of
5 cm. The work done in extending it from 5 cmto 15 cm is
(@ 16J (b) 8J [2002]
() 32J (d) 247

A wire fixed at the upper end stretches by length ¢ by
applying a force F. The work done in stretching is  [2004]

F Fr
@) 2F! (b) Ft © o @

Spherical balls of radius ‘R’ are falling in a viscous fluid of

viscosity ‘n’ with a velocity ‘v’. The retarding viscous force

acting on the spherical ball is [2004]

(a) inversely proportional to both radius ‘R’ and velocity ‘v’

(b) directly proportional to both radius ‘R’ and velocity ‘v’

(c) directly proportional to ‘R’ but inversely proportional
to ‘v’

(d) inversely proportional to ‘R’ but directly proportional
to velocity ‘v’

If two soap bubbles of different radii are connected by a

tube. [2004]

(@) air flows from the smaller bubble to the bigger

(b) air flows from bigger bubble to the smaller bubble till
the sizes are interchanged

(c) air flows from the bigger bubble to the smaller bubble
till the sizes become equal

(d) thereisno flowofair.

If °S” is stress and ‘Y’ is young’s modulus of material of a

wire, the energy stored in the wire per unit volume is

52 5

(@) 57 (b) 287 [2005]
S 2Y

© Sy (@ 2

A 20 cm long capillary tube is dipped in water. The water
rises up to 8 cm. Ifthe entire arrangement is put in a freely
falling elevator the length of water column in the capillary
tube will be [2005]

(@ 10cm (b) 8 cm (d)4 cm

A wire elongates by / mm when a load W is hanged from it.
Ifthe wire goes over a pulley and two weights /¥ each are
hung at the two ends, the elongation of the wire will be
(in mm) [2006]

@ | (b) 21 ()2

Ifthe terminal speed of a sphere of gold (density = 19.5 kg/m?)
is 0.2 m/s in a viscous liquid (density = 1.5 kg/m?3), find the
terminal speed of a sphere of silver (density = 10.5 kg/m?) of
the same size in the same liquid [2006]

@ 04m/s (b)) 0.133m/s () 0.1m/s (d)0.2m/s

A spherical solid ball of volume ¥ is made of a material of
density p,. It is falling through a liquid of density p, (p,<
p,)- Assume that the liquid applies a viscous force on the
ball that is proportional to the square of its speed v, i.e.,
F =—kv? (k> 0). The terminal speed of the ball is

() 20 cm

(c) zero

viscous

10.

11.

@) —Vg(p‘k_ P2) (b) @ [2008]
7 Ve(or —
© % @ g(plk P2)

A jar is filled with two non-mixing liquids 1 and 2 having
densities p, and, p, respectively. A solid ball, made of a
material of density p, , is dropped in the jar. It comes to
equilibrium in the position shown in the figure. Which of
the following is true for p,, p,and p,? [2008]

@ PP <P Liguid 1

(®) p>p; >0,

© pP<p, <p;

@ p<p;<p,

A capillary tube (A) is dipped in water. Another identical
tube (B) is dipped in a soap-water solution. Which of the
following shows the relative nature of the liquid columns in
the two tubes? [2008]

A T B
= é :
(b)

A B

{
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Two wires are made of the same material and have the same
volume. However wire 1 has cross-sectional area A and wire
2 has cross-sectional area 34. Ifthe length of wire 1 increases
by Ax on applying force F, how much force is needed to
stretch wire 2 by the same amount? [2009]
(@ 4F (b) 6 F (c) 9F (dF

A ball is made of a material of density p where

Poil <P <Pwater With pgii and pyqer representing the
densities of oil and water, respectively. The oil and water are
immiscible. If the above ball is in equilibrium in a mixture of
this oil and water, which of the following pictures represents
its equilibrium position ? [2010]

@ ®) [

© ()

Two identical charged spheres are suspended by strings of
equal lengths. The strings make an angle of 30° with each
other. When suspended in a liquid of density 0.8g cm™3, the
angle remains the same. If density of the material of the
sphere is 1.6 g cm3 , the dielectric constant of the liquid is
(@ 4 (b) 3 [2010]
() 2 1

Work done in increasing the size of a soap bubble from a
radius of 3 cm to 5 cm is nearly (Surface tension of soap

solution =0.03 Nm™") [2011]
(@ 02nm] (b) 2rm]
(¢) 04mml] (d) 4nm]

Water is flowing continuously from a tap having an internal
diameter 8 x 10~3 m. The water velocity as it leaves the tap is
0.4 ms™!. The diameter of the water stream at a distance
2 x 107! m below the tap is close to: [2011]
(@ 75x103m (b) 9.6x103m

() 36x103m (d) 50x103m

A thin liquid film formed between a U-shaped wire and a light
slider supports a weight of 1.5 x 102 N (see figure). The
length of the slider is 30 cm and its weight negligible. The
surface tension of the liquid film is [2012]
(@ 00125Nm!

(b) 0.1Nm™!

(¢) 0.05Nm™!

(d) 0.025Nm™!

18.

19.

20.

21.

A uniform cylinder oflength L and mass M having cross-
sectional area A is suspended, with its length vertical,
from a fixed point by a massless spring such that it is
half submerged in a liquid of density o at equilibrium
position. The extension x,, of the spring when it is in
equilibrium is:

[ JEE Main 2013 |
Mg Mg, LAc
@ m (b ” (1 v )
kU 2™ k M

Assume that a drop of liquid evaporates by decrease in its
surface energy, so that its temperature remains
unchanged. What should be the minimum radius of the drop
for this to be possible? The surface tension is T, density of
liquid is p and L is its latent heat of vaporization.

[JEE Main 2013 |
(@ pL/T (b) T/pL
(c) T/pL (d) 2T/pL

On heating water, bubbles being formed at the bottom of the
vessel detach and rise. Take the bubbles to be spheres of
radius R and making a circular contact of radius r with the
bottom of the vessel. If r << R and the surface tension of
water is T, value of r just before bubbles detach is:

(density of water is p,, ) [JEE Main 2014]

vewwwewwUUTUTeUSTSTwww

0000000000000000

o000 OOOGIOOOOGOOOOO
0000

P8 2
Pwo R2 |EwS
3T ®) 6T

P8 2 f3p g
wo R? |22
T ) T

An open glass tube is immersed in mercury in such a way
that a length of 8 cm extends above the mercury level. The
open end of the tube is then closed and sealed and the tube
is raised vertically up by additional 46 cm. What will be length
of the air column above mercury in the tube now?

@ R’

) R’

(Atmospheric pressure =76 cm of Hg)  [JEE Main 2014]
(@) l6cm (b) 22cm
(¢) 38cm (d) 6cm
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Fill in the Blanks

One mole of a mono-atomic ideal gas is mixed with one mole
of a diatomic ideal gas. The molar specific heat of the mixture
at constant volume is........ (1984- 2 Marks)
The variation of temperature of a material as heat is given to
it at a constant rate is shown in the figure. The material is in
solid state at the point O. The state of the material at the
point Pis ........ (1985 - 2 Marks)

—~—
@)

a HEAT ADDED —»

During an experiment, an ideal gas is found to obey an
additional law VP? =constant, The gas is initially at a
temperature 7, and volume V. When it expands to a volume
2V, the temperature becomes.......... (1987 - 2 Marks)
300 grams of water at 25° C is added to 100 grams of ice at
0°C. The final temperature ofthe mixture is .....°C.

(1989 - 2 Marks)
The earth receives at its surface radiation from the sun at
the rate of 1400 W m~2. The distance of the centre of the sun
from the surface of the earth is 1.5 x 10!! m and the radius of
the sun is 7 x 108 m. Treating the sun as a black body, it
follows from the above data that its surface temperature
IS K (1989 - 2 Marks)

A solid copper sphere (density p and specific heat c) of
radius r at an initial temperature 200 K is suspended inside
a chamber whose walls are at almost OK. The time required
for the temperature of the sphere to drop to 100K is
.................... (1991 - 2 Marks)
A point source of heat of power P is placed at the centre of
a spherical shell of mean radius R. The material of the shell
has thermal conductivity K. If the temperature difference
between the outer and inner surface of the shell in not to
exceed T, the thickness of the shell should not be less than
............ (1991 - 1 Mark)
A substance of mass M kg requires a power input of P watts
to remain in the molten state at its melting point. When the
power source is turned off, the sample completely solidifies
in time t seconds. The latent heat of fusion of the substance
IS i, (1992 - 1 Mark)

9.

10.

11.

12.

Heat & Thermodynamics

and Gases

JEE Advanced/ IIT-JEE

A container of volume 1m?3 is divided into two equal parts
by a partition. One part has an ideal gas at 300K and the
other part is vacuum. The whole system is thermally isolated
from the surroundings. When the partition is removed, the
gas expands to occupy the whole volume. Its temperature
will nowbe....... (1993-1 Mark)
An ideal gas with pressure P, volume J and temperature T'is
expanded isothermally to a volume 2/ and a final pressure
P, Ifthe same gas is expanded adiabatically toa volume 2V
the final pressure is P . The ratio of the specific heats ofthe

P
gasis 1.67. Theratio ?‘: is..... (1994 - 2 Marks)

Two metal cubes A4 and B of same size are arranged as shown
in Figure. The extreme ends of the combination are maintained
at the indicated temperatures. The arrangement is thermally
insulated. The coefficients of thermal conductivity of 4 and
Bare 300 W/m °C and 200 W/m°C, respectively. After steady
state is reached the temperature # of the interface will be .....

S ~~_, (1996 - 2 Marks)
100°C A B 0°C
t
/\/ /'\/

A ring shaped tube contains two ideal gases with equal
masses and relative molar masses M= 32 and M, =28. The
gases are separated by one fixed partition and another
movable stopper S which can move freely without friction
inside the ring. The angle o as shown in the figure is ...........
degrees. (1997 - 2 Marks)
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Earth receives 1400 W/m? of solar power. If all the solar
energy falling on a lens of area 0.2 m? is focused on to a
block of ice of mass 280 grams, the time taken to melt the ice
will be... minutes. (Latent heat of fusion ofice = 3.3 x 105 J/
kg) (1997 - 2 Marks)

True/False

The root-mean square speeds of the molecules of different
ideal gases, maintained at the same temperature are the same.

(1981- 2 Marks)
The volume V versus temperature T graphs for a certain
amount of a perfect gas at two pressure p, and p, are as
shown in Fig. It follows from the graphs that p, is greater
than p,. & (1982 - 2 Marks)

V P

/Pz
T'

Two different gases at the same temperature have equal
root mean square velocities. (1982 - 2 Marks)

7
Theratio ofthe velocity of sound in Hydrogen gas (Y = g)

5
tothat in Helium gas(y = 3 )atthe same temperature is 5
(1983 - 2 Marks)
The curves 4 and B in the figure shown P-V graphs for an
isothermal and an adiabatic process for an ideal gas. The
isothermal process is represented by the curve 4.

(1985 - 3 Marks)

P A

B

V—r

Ata given temperature, the specific heat of a gas at constant
pressure is always greater than its specific heat at constant
volume, (1987 - 2 Marks)
The root mean square (rms) speed of oxygen molecules (O,)
at a certain temperature T (degree absolute) is V. If the
temperature is doubled and oxygen gas dissociates into
atomic oxygen, the rms speed remains unchanged.

(1987 - 2 Marks)
Two spheres of the same meterial have radii 1 m and 4 mand
temperatures 4000K and 2000K respectively. The energy
radiated per second by the first sphere is greater than that
by the second. (1988 - 2 Marks)

C MCQs with One Correct Answer

A constant volume gas thermometer works on
(@) The Principle of Archimedes

(b) Boyle’sLaw

(c) Pascal’s Law

(d) Charle’sLaw

(1980)

A metal ball immersed in alcohol weighs W, at 0°C and W,
at 50°C. The coefficient of expansion of cubical the metal is
less than that of the alcohal. Assuming that the density of
the metal is large compared to that of alcohol, it can be

shown that (1980)
(@ W,>W, (b) W,=W,
() W, <W, (d) None of these

A wall has two layers 4 and B, each made of different
material. Both the layers have the same thickness. The
thermal conductivity of the meterial of 4 is twice that of B.
Under thermal equilibrium, the temperature difference
across the wall is 36°C. The temperature difference across
the layer A4 is ( 1980)
(@ 6C (b) 12°C (c) 18°C (d) 24°C

An ideal monatomic gas is taken round the cycle ABCDA as
shown in the P — V diagram (see Fig.). The work done
during the cycle is P (1983 - 1 Mark)

(a) PV 2PV 2P 2V
(b) 2PV B =~ C

1 \ Y
(c) 3 PV A DP2V
(d) zero ¥ e

If one mole of a monatomic gas ('y = %J is mixed with one

mole of a diatomic gas ('y = %] ,the value of ¥ for mixture

is (1988 - 1 Mark)

(@ 140 (b) 1.50 (c) 1.53 (d) 307

From the following statements concerning ideal gas at any

given temperature T, select the correct one(s) (1995S)

(a) The coefficient of volume expansion at constant
pressure is the same for all ideal gases

(b) The average translational kinetic energy per molecule
of oxygen gas is 3kT, k being Boltzmann constant

(¢) The mean-free path of molecules increases with
increases in the pressure

(d) Ina gaseous mixture, the average translational kinetic
energy of the molecules of each component is different

Three rods of identical cross-sectional area and made from

the same metal from the sides of an isosceles traingle 4BC,

right-angled at B. The points 4 and B are maintained at

temperatures 7'and (\/5 ) Trespectively. In the steady state,
the temperature of the point C is 7. Assuming that only

heat conduction takes place, 7,/ T'is (1995S)
1
- 3
b
@ 3 51_1) (b) G
© BW2-1 @ 2+

Two metallic spheres S| and S, are made of the same material

and have got identical surface finish. The mass of S| is

thrice that of S,. Both the spheres are heated to the same

high temperature and placed in the same room having lower

temperature but are thermally insulated from each other. The

ratio of the initial rate of cooling of S, to that of S, is (19955)
1

£y

1 1
@3 ©F ©F
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The average translational kinetic energy of O, (relative molar
mass 32) molecules at a particular temperature is 0.048 eV.
The translational kinetic energy of N, (relative molar mass
28) molecules in €V at the same temperature is (1997 - 1 Mark)
(@ 00015 (b) 0003 (c) 0048 (d) 0.768
A vessel contains 1 mole of O, gas (relative molar mass 32)
atatemperature T. The pressure of the gas is P. An identical
vessel containing one mole of He gas (relative molar mass
4) at a temperature 2T has a pressure of (1997 - 1 Mark)
(@) P/8 (b) P (c) 2P (d) 8P
A spherical black body with a radius of 12 cm radiates 450
W power at 500 K. if the radius were halved and the
temperature doubled, the power radiated in watt would be
(1997 - 1 Mark)
(@ 225 (b) 450 (c) 900 (d) 1800
A closed compartment containing gas is moving with some
acceleration in horizontal direction. Neglect effect of gravity.
Then the pressure in the compartment is (1999S - 2 Marks)
(a) same everywhere (b) lower in the front side
(c) lowerintherearside (d) lower inthe upper side
A gas mixture consists of 2 moles of oxygen and 4 moles of
argon at temperature T. Neglecting all vibrational modes,
the total internal energy of the system is(1999S - 2 Marks)
(@) 4RT (b) 15SRT (c) 9RT (d) 11RT
The ratio of the speed of sound in nitrogen gas to that in
helium gas, at 300 K is (1999S - 2 Marks)

@ J2/7 ® JUD © B)s5 @ (6)/s

A monatomic ideal gas, initially at temperature 7}, is enclosed
in a cylinder fitted with a frictionless piston. The gas is
allowed to expand adiabatically to a temperature 7, by
releasing the piston suddenly. If L, and L, are the length of
the gas column before and after expansion respectively, then

4l

E is given by (20008 )
( L \\2/ 3 i ﬁ L, 2/3
@ LE ) ® 7, © 7 @ | L ),

A block of ice at —10°C is slowly heated and converted to
steam at 100°C. Which of the following curves represents
the phenomenon qualitatively ? (2000S)

N 4
T T
@ L (b) -

Heat supplied —> Heat supplied —>

rd

/ /

1 )
T T
© / () J 5

Heat supplied = Heat supplied —>

An ideal gas is initially at temperature 7 and volume V. Its
volume is increased by AV due to an increase in temperature

AT, pressure remaining constant. The quantity § = VATVT
varies with temperature as (2000S)

18.

19.

20.

21.

22.

)
Y. Y
i 1
@ o . Ok —

T T+AT
Temperature K

T T+AT

Temperature K

Y
\ ) J
) ol———x (d) 52)

T T+AT
T T+AT

Temperature K
Temperature K

Starting with the same initial conditions, an ideal gas expands
from volume ¥, to V, in three different ways. The work done
by the gas is W, if the process is purely isothermal, W, if
purely isobaric and W, if purely adiabatic. Then  (2000S)

@ Wy>W,>W, (

Isobaric 7
(b) W2 > W3 > Wl T i Isothlerm_al
P ! 1 Wi

c) W>W,>W. i Adigbati
© W\>W,>W; : W

d w,>Ww,>W, ’

h<

S ch—=>

X

> y X
o 41 Vs

The plots of intensity versus wavelength for three black
bodies at temperature T}, T, and T; respectively are as
shown. Their temperatures are such that (20008 )

A=>
@ T,>T,>T, b T,>T,>T,
© T,>T;>T, d T,>T,>T,
Three rods made of same material and having the same
cross-section have been joined as shown in the figure. Each
rod is of the same length. The left and right ends are kept at
0°C and 90°C respectively. The temperature of the junction
of the three rods will be 90°C (2001S)
(@) 45°C
(b) 60°C
(c) 30°C .
(d) 20°C 0°C
In a given process on an ideal gas, d#W=0 and dQ <0. Then
for the gas (2001S)
(a) thetemperature will decrease
(b) the volume will increase
(c) the pressure will remain constant
(d) thetemperature will increase
P-V plots for two gases during adiabatic processes are
shown in the figure. Plots 1 and 2 should correspond
respectively to (2001S)

(@ HeandO,
(b) O,andHe
(¢) Heand Ar
(d O,andN,

0°C

P

2
A\
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When a block of iron floats in mercury at 0°C, fraction k, of
its volume is submerged, while at the temperature 60 °C, a
fraction k, is seen to be submerged. If the coefficient of
volume expansion of iron is yg, and that of mercury is THe

then the ratio k,/k, can be expressed as (2001S)
1+6 1-60y,,

(a) OYFe (b) YF
1+60y,, 14607,

A C @ 1+60y,,

c " 'Hg
1-60y,, 1+60v,,

An ideal gas is taken through thecycle 4 » B> C > 4,
as shown in the figure. Ifthe net heat supplied to the gas in
the cycle is 5J, the work done by the gas in the process
CoAis (2002S )

(a) 5]
(b)-101J
(c)-1517
()-207 . P(N/m’) 10
Which of the following graphs correctly represents the
- davidp . )
variation of B = — with P for an ideal gas at constant
temperature ? (20028 )
AN 4
@ B ) B \
é é
P P
4 4
© B / @ B
% é
P P

An ideal Black-body at room temperature is thrown into a

furnace. It is observed that (20025 )

(a) initially it is the darkest body and at later times the
brightest

(b) itisthe darkest body at all times

(c) itcannot be distinguished at all times

(d) initiallyitisthe darkest body and at later times it cannot
be distinguished

The graph, shown in the adjacent diagram, represents the

variation of temperature (7) of two bodies, x and y having

same surface area, with time (¢) due to the emission of

radiation. Find the correct relation between the emissivity

and absorptivity power of the two bodies (2003S)

(@) Ex>Ey&ax<a
1A
X

~

(b) Ex<Ey&ax>a
(¢ Ex>Ey&ax>a
(d) Ex<Ey&ax<a

~

~

~

28.

29.

30.

31.

32.

Two rods, one of aluminum and the other made of steel,
having initial length ¢, and (, are connected together to
form a single rod of length £, + £,. The coefficients of linear
expansion for aluminum and steel are o, and o and
respectively. If the length of each rod increases by the same
amount when their temperature are raised by £°C, then find
the ratiol,/((, + (,) (2003S)
@ aja, ®) aja;

© afla,ta;) d o fla,ta;)

The PT diagram for an ideal gas is shown in the figure,
where AC is an adiabatic process, find the corresponding

PV diagram. (2003S)
A
A
P
B C
T
» \
4
P & &
P
@ | y—~c ©® S
Vv — =
4 4
P P
o INC W (N
B c
|8 LA

- -
2 kg of ice at —20°C is mixed with 5kg of water at 20°C in an
insulating vessel having a negligible heat capacity. Calculate
the final mass of water remaining in the container. It is given
that the specific heats of water & ice are 1kcal/kg/°C & 0.5
kcal/kg/°C while the latent heat of fusion of ice is 80 kcal/kg
(@ 7kg (b) 6kg (2003S)
(c) 4kg d) 2kg

Three discs 4, B and C having radii 2, 4, and 6 cm respectively
are coated with carbon black. Wavelength for maximum
intensity for the three discs are 300, 400 and 500 nm
respectively. If O ,, Opand Q ~are power emitted by 4, Band
D respectively, then (2004S)
(@) Q,will be maximum (b) Qpwill be maximum

(¢) QO will be maximum d) 90,70;=0.
Ifliquefied oxygen at 1 atmospheric pressure is heated from
50 k to 300 k by supplying heat at constant rate. The graph

oftemperature vs time will be (2004S)
T /
(@ b 7
I ] 7
© 7 /_/ @ 7
1 —t+—
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Two identical rods are connected between two containers
one of them is at 100°C and another is at 0°C. If rods are
connected in parallel then the rate of melting of ice is ¢, gm/
sec. If they are connected in series then the rate is g,. The
ratio g,/ q, is (2004S)
(@ 2 (b) 4 (c) 12 d 14
An ideal gas is initially at P, V, is expanded to P,, V, and
then compressed adiabatically to the same volume ¥, and
pressure P;. If Wis the net work done by the gas in complete
process which of the following is true (2004S)
(@ W>0;P;>P, (b) W<0,P;>P,

() W>0;P;<P (d) W<0,P;<P

Variation of radiant energy emitted by sun, filament of
tungsten lamp and welding arc as a function of its
wavelength is shown in figure. Which of the following option
is the correct match ? (2005S)

Ek A

T,
A
(@) Sun-T;, tungsten filament - 7| weldmg arc-T,
(b) Sun-T, tungsten filament - T weldmg arc- T

(©) Sun-T , tungsten filament - T weldmg arc - T

(d) Sun-T), tungsten filament - T weldmg arc - T

In which of the following process, convection does not
take place primarily (2005S)
(@) seaand land breeze

(b) Dboiling of water

(c) heatingair around a furnace

(d) warming of glass of bulb due to filament

A spherical body of area 4 and emissivity e = 0.6 is kept
inside a perfectly black body. Total heat radiated by the

body at temperature 7' (2005S)
(@) 044T* (b) 0.84T*
() 0.64T* (d) 1047

Calorie is defined as the amount of heat required to raise
temperature of 1 g of water by 1°C and it is defined under
which of the following conditions? (2005S)
(@) From 14.5°Cto 15.5°Cat 760 mm of Hg

(b) From 98.5°Ct099.5°C at 760 mm of Hg

(¢) From 13.5°Cto 14.5°Cat76 mm of Hg

(d) From 3.5°Cto 4.5°C at 76 mm of Hg

Water of volume 2 litre in a container is heated with a coil of
1 kW at 27 °C. The lid of the container is open and energy
dissipates at rate of 160 J/s. In how much time temperature
will rise from 27°C to 77°C [Given specific heat of water is
42kJ/kg] (2005S)
(@ 7min (b) 6min2s (c) 8min20s (d) 14min
Water is filled up to a height 4 in a beaker of radius R as
shown in the ﬁgure The density of water is p, the surface
tension of water is 7 and the atmospheric pressure is P,
Consider a vertical section ABCD of the water column

41.

42.

43.

44.

45.

46.

through a diameter of the beaker. The force on water on one
side of this section by water on the other side of this section
has magnitude (2007)

(@) |2PyRh+nR2pgh—2RT | @

(b) |2PyRh + R pgh® —2RT| T

© |
(d) |PyrR? + Rpgh? + 2RT]|

P nR? + Rpgh? — 2RT |

= constant. The
(2008)
(d 4T
(2010)

D
An ideal gas is expanding such that P77
coefficient of volume expansion of the gas is —
@ UT (b) 2/T (c) 3T
A real gas behaves like an ideal gas if its
(a) pressure and temperature are both high
(b) pressure and temperature are both low
(c) pressure is high and temperature is low
(d) pressure is low and temperature is high
5.6 liter of helium gas at STP is adiabatically compressed to
0.7 liter. Taking the initial temperature to be T,, the work
done in the process is (2011)

9 3 15 9
@ SR (®) SR © GRO @ ST
A mixture of 2 moles of helium gas (atomic mass =4 amu)
and 1 mole of argon gas (atomic mass = 40 amu) is kept at
300 K in a container. The ratio of the rms speeds
( Vrms (helium)] is
Urms (argon)

(@ 032 (b) 045 (c) 224 d) 3.16
Two moles of ideal helium gas are in a rubber balloon at
30°C. The balloon is fully expandable and can be assumed
to require no energy in its expansion. The temperature of
the gas in the balloon is slowly changed to 35°C. The amount
of heat required in raising the temperature is nearly (take R
=8.31J/mol K) (2012)
(@ 62] (b) 104] (c) 124) (d) 208J
Two rectangular blocks, having identical dimensions, can
be arranged either in configuration-I or in configuration-II
as shown in the figure. One of the blocks has thermal
conductivity k and the other 2k. The temperature difference
between the ends along the x-axis is the same in both the
configurations. It takes 9 s to transport a certain amount of
heat from the hot end to the cold end in the configuration-I.
The time to transport the same amount of heat in the
configuration-II is (JEE Adv. 2013)

(2012)

Configuration-I Configuration-II

2k
k 2k k

> X

47.

(@ 20s (b) 4.5s (c) 3.0s (d) 6.0s
Two non-reactive monoatomic ideal gases have their atomic
masses in the ratio 2 : 3. The ratio of their partial pressures,
when enclosed in a vessel kept at a constant temperature, is
4 : 3. Theratio of their densities is (JEE Adv. 2013)
@ 1:4 (b) 1:2 (c) 6:9 ) 8:9
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Parallel rays of light of intensity /= 912 Wm™2 are incident
on a spherical black body kept in surroundings of temperature
300 K. Take Stefan-Boltzmann constant ¢ = 5.7 x 1078
Wm2K~* and assume that the energy exchange with the
surroundings is only through radiation. The final steady

state temperature of the black body is close to
(JEE Adv. 2014)

(@ 330K (b) 660K (c) 990K (d) 1550K
A water cooler of storage capacity 120 litres can cool water
at a constant rate of P watts. In a closed circulation system
(as shown schematically in the figure), the water from the
cooler is used to cool an external device that generates
constantly 3 kW of heat (thermal load). The temperature of
water fed into the device cannot exceed 30°C and the entire
stored 120 litres of water is initially cooled to 10°C. The
entire system is thermally insulated. The minimum value of
P (in watts) for which the device can be operated for 3 hours
is (JEE Adv. 2016)

Device

Cooler

Cold ~-——J

(Specific heat of water is 4.2 kJ kg~ !K~! and the density of
water is 1000 kg m™3)

(@ 1600  (b) 2067 (c) 2533 (d) 3933

A gas is enclosed in a cylinder with a movable frictionless
piston. Its initial thermodynamic state at pressure P, = 10°
Pa and volume V,= 10~ m® changes to a final state at P, = (1/
32)x 10°Paand V,=8 x 10~ m* in an adiabatic quasi-static
process, such that P3V° = constant. Consider another
thermodynamic process that brings the system from the same
initial state to the same final state in two steps: an isobaric
expansion at P, followed by an isochoric (isovolumetric)
process at volume V.. The amount of heat supplied to the
system in the two-step process is approximately

(JEE Ady. 2016)

(@ 112  (b) 294J (c) 588J (d) 813J
The ends Q and R of two thin wires, PQ and RS, are soldered
(joined) together. Initially each ofthe wires has a length of 1
m at 10°C. Now the end P is maintained at 10°C, while the
end S is heated and maintained at 400 °C. The system is
thermally insulated from its surroundings. If the thermal
conductivity of wire PQ is twice that of the wire RS and the
coefficient of linear thermal expansion of PQ is 1.2 x 10~
K1, the change in length ofthe wire PQ is (JEE Adv. 2016)
(@ 078mm (b) 090mm (c) 1.56mm  (d) 234mm

| )l MCQs with One or More than One Correct

1.

At room temperature, the rms speed of the molecules of a
certain diatomic gas is found to be 1930 m/s. The gas is
(1984- 2 Marks)
@ H  OF, © 0, @
70 calories of heat required to raise the temperature of
2 moles of an ideal gas at constant pressure from 30°C to
35°C. The amount of heat required (in calories) to raise the

temperature of the same gas through the same range (30°C

to 35°C) at constant volume is : (1985 - 2 Marks)

@ 30 (b) 50 (© 7 (d) %

Steam at 100°C is passed into 1.1 kg of water contained in a

calorimeter of water equivalent 0.02 kg at 15°C till the

temperature of the calorimeter and its contents rises to 80°C.

The mass of the steam condensed in kilogram is

(1986 - 2 Marks)

(@ 0130 (b) 0065 (c) 0260 (d) 0135

A cylinder of radius R made of a material of thermal

conductivity K, is surrounded by a cylindrical shell of inner

radius R and outer radius 2R made of a material of thermal
conductivity K,. The two ends of the combined system are
maintained at two different temperatures. There is no loss
of heat across the cylindrical surface and the system is in
steady state. The effective thermal conductivity of the
system is (1988 - 2 Marks)

(@ K, +K, (b) K\K,/(K,+K,)

() (K,+3K)/4 (d) (K,+3K,))/4

For an ideal gas : (1989 - 2 Marks)

(a) the change in internal energy in a constant pressure
process from temperature 7, to T, is equal to nC
(T,—T), where C, is the molar specific heat at constant
volume and » the number of moles of the gas.

(b) the change in internal energy of the gas and the work
done by the gas are equal in magnitude in an adiabatic
process.

(c) the internal energy does not change in an isothermal
process.

(d) no heat is added or removed in an adiabatic process.

When an ideal diatomic gas is heated at constant pressure,

the fraction of the heat energy supplied which increases the

internal energy of the gas is (1990 - 2 Marks)
2 3 3 5

@5 ®3F ©3 O3

Three closed vessels A, B and C are at the same temperature

T and contain gases which obey the Maxwellian distribution

of velocities. Vessel A contain only O,, Bonly N, and C a

mixture of equal quantities of O, and N,. If the average

speed of the O, molecules in vessel A is v, that of the N,

molecules in vessel B is v,, the average speed of the O,

molecules in vessel C is (1992 - 2 Marks)

1
@) ® v  © mn)?d

where M is the mass of an oxygen molecule.

Anideal gas is taken from the state 4 (pressure P, volume V)

to the state B (pressure P/2, volume 2V) along a straight line

path in the P-V diagram. Select the correct statement (s)

from the following: (1993-2 Marks)

(@) The work done by the gas in the process 4 to B exceeds
the work that would be done by it if the system were
taken from 4 to B along the isotherm.

(b) Inthe 7-V diagram, the path 4B becomes a part of a
parabola

(¢) Inthe P-T diagram, the path 4B becomes a part of a
hyperbola

(d) Ingoing from 4 to B, the temperature 7 of the gas first
increases to a maximum value and then decreases.

3kT

M

Vi +Vy
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Two bodies 4 and B ahave thermal emissivities of 0.01 and
0.81 respectively. The outer surface areas of the two bodies
are the same. The two bodies emit total radiant power of the
same rate. The wavelength A5 corresponding to maximum
spectral radiancy in the radiation from B shifted from the
wavelenth corresponding to maximum spectral radiancy in
the radiation from A4, by 1.00 um. Ifthe temperature of 4 is

5802K: (1994 - 2 Marks)
(a) thetemperature of Bis 1934 K
(b) Ap=15um

(c) thetemperature of Bis 11604 K

(d) thetemperature of Bis 2901 K

The temperature of an ideal gas is increased from 120K to

480 K. Ifat 120 K the root-mean-square velocity of the gas

molecules is v, at 480 K it becomes (1996 - 2 Marks)

(@ 4v (b) 2v (c) v/2 (d) v/4

A given quantity of a ideal gas is at pressure P and absolute

temperature 7. The isothermal bulk modulus of the gas is
(1998S - 2 Marks)

2 3
@ 37 O P © 7P @ 2°

Two cylinders 4 and B fitted with pistons contain equal
amounts of an ideal diatomic gas at 300 K. The piston of 4 is
free to move, while that B is held fixed. The same amount of
heat is given to the gas in each cylinder. If the rise in
temperature of the gas in 4 is 30 K, then the rise in
temperature of the gas in B is (1998S - 2 Marks)
(@ 30K (b) 18K (c) 50K (d) 42K
During the melting of a slab of ice at 273 K at atmospheric
pressure, (1998S - 2 Marks)
(@) positive work is done by the ice-water system on the
atmosphere.
(b) positive work is done on the ice- water system by the
atmosphere.
(c) the internal energy of the ice-water system increases.
(d) the internal energy of the ice-water system decreases.
A blackbody is at a temperature of 2880 K. The energy of
radiation emitted by this object with wavelength between
499 nmand 500 nm is U, between 999 nmand 1000 nm is U,
and between 1499 nm and 1500nm is U;. The Wien constant
b=2.88x10%nmK. Then (1998S - 2 Marks)
@ U=0 (U ) U>U, @ U,>U,
A blmetalllc strip is %ormed out of two 1dent1cal strlps one of
copper and the other of brass. The coefficients of linear
expansion of the two metals are o and o, On heating, the
temperature of the strip goes up by A7 and the strip bends
to form an arc of radius of curvature R. Then R is.
(@) proportional to AT (19998 - 3 Marks)
(b) inversely proportional to AT
() proportional to [o.,—at |
(d) inversely proportional to |
Two identical containers A and ]g wnﬁ frictionless pistons
contain the same ideal gas at the same temperature and the
same volume V. The mass of the gas in A ism, , and that in B
is my. The gas in each cylinder is now allowed to expand
isothermally to the same final volume 2V. The changes in
the pressure in A and B are found to be AP and 1.5 AP
respectively. Then (1998S - 2 Marks)
(@ 4m,=9m, (b) 2m,=3my
(¢) 3m,=2my d) 9m =4my

17.

18.

19.

20.

21.

Let v,V s and v,, respectively denote the mean speed. root

mean square speed, and most probable speed of the
molecules in an ideal monatomic gas at absolute temperature
T. The mass of a molecule ism. Then (1998S - 2 Marks)

(a) no molecule can have a speed greater than 2 v rms

(b) nomolecule can have a speed less than v, /N2

(€) Vp <V < Vs
L .3
(d) theaverage kinetic energy of a molecule is valz, .

A vessel contains a mixture of one mole of oxygen and two
moles of nitrogen at 300 K. The ratio of the average rotational
kinetic energy per O, molecule to that per N, molecule is
@ 1:1 (1998S - 2 Marks)
(b) 1:2

(© 2:1

(d) dependson the moments of inertia of the two molecules
A black body of temperature T is inside chamber of T
temperature initially. Sun rays are allowed to fall from ahole
in the top of chamber. If the temperature of black body (7)
and chamber (7,) remains constant, then (2006 - SM, —1)

o —

(a) Black body will absorb more radiation

(b) Black body will absorb less radiation

(c) Black body emit more energy

(d) Black body emit energy equal to energy absorbed by it

C,and C denote the molar specific heat capacities ofa gas

at constant volume and constant pressure, respectively.

Then (2009)

@) C C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

(b) Cp + C, is larger for a diatomic ideal gas than for a
monatomic ideal gas

(©) Cp/ C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

()] C C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

The figure shows the P-V plot of an ideal gas taken through

acycle ABCDA. The part ABC is a semi-circle and CDA is

half of an ellipse. Then, (2009)

P
3

e :
\

.

—

0

1 2 3V

(@) the process during the path 4 — B is isothermal

(b) heat flows out of the gas during the path B— C — D
(c) work done during the path 4 - B — C is zero

(d) positive work is done by the gas in the cycle ABCDA
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One mole of an ideal gas in initial state A undergoes a cyclic
process ABCA, as shown in the figure. Its pressure at A is
P,,. Choose the correct option(s) from the following (2010)
V
L B
vt A A

o

rd

I T T

(@) Internal energies at A and B are the same
(b) Work done by the gas in process AB is PV, In 4

R
(c) PressureatCis Y

(d) Temperature atC is ]jTO

A composite block is made of slabs A, B, C, D and E of
different thermal conductivities (given in terms of a constant
K and sizes (given in terms of length, L) as shown in the
figure. All slabs are of same width. Heat ‘Q’ flows only from
left to right through the blocks. Then in steady state

o sL__el (2011
heat
A B 3K E
1L
—_—
6K
— > |« G
3L
a D 5K

(a) heat flowthrough A and E slabs are same.

(b) heat flow through slab E is maximum.

(c) temperature difference across slab E is smallest.

(d) heat flow through C =heat flow through B + heat flow

through D.

The figure below shows the variation of specific heat

capacity (C) of a solid as a function of temperature (T). The

temperature is increased continuously from 0 to 500K ata

constant rate. Ignoring any volume change, the following

statement(s) is (are) correct to a reasonable approximation.
(JEE Adv. 2013)

1
L

100 200 300 400 500
(@) Therateat which heat is absorbed in the range 0 -100 K
varies linearly with temperature T.
Heat absorbed in increasing the temperature from
0-100 K is less than the heat required for increasing the
temperature from 400-500 K.
(¢) Thereis nochange in the rate of heat absorption in the
range 400-500 K.
The rate of heat absorption increases in the range
200-300K.

(b)

(d)

25.

26.

A container of fixed volume has a mixture of one mole of
hydrogen and one mole of helium in equilibrium at
temperature 7. Assuming the gases are ideal, the correct
statement(s) is (are) (JEE Adv. 2015)
(@) Theaverage energy per mole of the gas mixture is 2RT
(b) Theratioof speed of sound in the gas mixture to that in

helium gasis ./6/5

(¢) The ratio of the rms speed of helium atoms to that of

hydrogen molecules is 1/2
(d) The ratio of the rms speed of helium atoms to that of

1
hydrogen molecules is E

An ideal monoatomic gas is confined in a horizontal cylinder
by a spring loaded piston (as shown in the figure). Initially
the gas is at temperature 7'}, pressure P, and volume V| and
the spring is in its relaxed state. The gas is then heated very
slowly to temperature 7, pressure P, and volume V. During
this process the piston moves out by a distance x. Ignoring
the friction between the piston and the cylinder, the correct
statement(s) is (are) (JEE Adv. 2015)

(@ IfV,=2V,andT,=3T,, then the energy stored in the

1
spring is 1 P
(b) IfV, =2V, and T, = 3T, then the change in internal
energy is 3P,V
(©) IfV,=3V,and T, =4T,, then the work done by the gas

7

If V, =3V, and T, = 4T, then the heat supplied to the

.17
gas 1s 3 PV,

(d)

E Subjective Problems

A sinker of weight w, has an apparent weight w;, when
weighed in a liquid at a temperature ¢, and w, when weight
in the same liquid at temperature ¢,. The coefficient of cubical
expansion of the material of sinker is . What is the
coefficient of volume expansion of the liquid. (1978)
Three rods of material X and three rods of material ¥ are
connected as shown in the figure. All the rods are of identical
length and cross-sectional area. Ifthe end 4 is maintained at
60°C and the junction E at 10°C. Calculate the temperature
of the junctions B, C and D. The thermal conductivity of X
150.92 cal/sec-cm-°C and that of Y is 0.46 cal/sec-cm-°C. (1978)
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Given samples of 1 c.c. of hydrogen and 1c.c. of oxygen,
both at N.T.P. which sample has a larger number of molecules?

(1979)
A Solid material is supplied with heat at a constant rate.
The temperature of the material is changing with the heat
input as shown in the graph in figure. Study the graph

carefully and answer the following questions : (1980)
! E
= c D
:| A8
A
=
m
F
O HEAT INPUT —»

(1) Whatdo the horizontal regions AB and CD represent?

(i) IfCD isequal to24B, what do you infer?

(i) What does the slope of DE represent?

(iv) The slope of O4 > the slope of BC. What does this
indicate?

A jar contains a gas and a few drops of water at T°K. The

pressure in the jar is 830 mm of Hg. The temperature of the

jar is reduced by 1%. The saturated vapour pressures of

water at the two temperatures are 30 and 25 mm of Hg.(1980)

Calculate the new pressure in the jar.

A cyclic process ABCA shown in the V-T diagram (fig) is

performed with a constant mass of an ideal gas. Show the

same process on a P-V diagram (1981- 4 Marks)

VVA C B B
5 <
Y
Vi A

(In the figure, C4 is parallel to the V-axis and BC is parallel to
the T-axis)
A lead bullet just melts when stopped by an obstacle.
Assuming that 25 per cent of the heat is absorbed by the
obstacle, find the velocity ofthe bullet if its initial temperature
is27°C.
(Melting point of lead = 327°C, specific heat of lead =0.03
calories /gm/°C, latent heat of fusion of lead = 6 calories /
gm, J=4.2 joules /calorie). (1981- 3 Marks)
Calculate the work done when one mole of a perfect gas is
compressed adiabatically. The initial pressure and volume
of the gas are 105 N/m? and 6 litres respectively. The final
volume of the gas is 2litre. Molar specific heat of the gas at
constant volume is 3R/2. (1982 - 8 Marks)
A solid sphere of copper of radius R and a hollow sphere of
the same material of inner radius » and outer radius 4 are
heated to the same temperature and allowed to cool in the
same environment. Which of them starts cooling faster ?
(1982 - 2 Marks)
One gram mole of oxygen at 27° and one atmospheric
pressure is enclosed in a vessel. (1983 - 8 Marks)
(1) Assuming the molecules to be moving with Vrms, Find
the number of collisions per second which the molecules
make with one square metre area of the vessel wall.

11.

12.

13.

14.

15.

16.

(i) The vessel is next thermally insulated and moved with
a constant speed Vo. It is then suddenly stopped. The
process results in a rise of the temperature of the gas
by 1°C. Calculate the speed Vo.

The rectangular box shown in Fig has a partition which can

slide without friction along the length of the box. Initially

each of the two chambers of the box has one mole of a

mono-atomic ideal gas (y= 5/3) at a pressure P, volume V)

and temperature 7). The chamber on the left is s?owly heated

by an electric heater. The walls of the box and the partition
are thermally insulated. Heat loss through the lead wires of
the heater is negligible. The gas in the left chamber expands
pushing the partition until the final pressure in both
chambers becomes 243 P(/32. Determine (i) the final
temperature of the gas in each chamber and (ii) the work
done by the gas in the right chamber.  (1984- 8 Marks)

Two glass bulbs of equal volume are connected by a narrow
tube and are filled with a gas at 0°C and a pressure of 76 cm
of mercury. One of the bulbs is then placed in melting ice
and the other is placed in a water bath maintained at 62°C.
What is the new value of the pressure inside the bulbs? The
volume of the connecting tube is negligible.

(1985 - 6 Marks)
A thin tube of uniform cross-section is sealed at both ends.
It lies horizontally, the middle 5 cm containing mercury and
the two equal end containing air at the same pressure P.
When the tube is held at an angle of 60° with the vertical
direction, the length of the air column above and below the
mercury column are 46¢cm and 44.5 cm respectively. Calculate
the pressure P in centimeters of mercury. (The temperature
of the system is kept at 30°C). (1986 - 6 Marks)
An ideal gas has a specific heat at constant pressure

5R
Cp= ER The gas is kept in a closed vessel of volume 0.0083

m3, at a temperature of 300 K and a pressure of 1.6 x 106 N/
mZ2. An amount of 2.49 x 10* Joules of heat energy is supplied
to the gas. Calculate the final temperature and pressure of
the gas. (1987 - 7 Marks)
Two moles of helium gas (y = 5/3) are initially at temperature
27°C and occupy a volume of 20 litres. The gas is first
expanded at constant pressure until the volume is doubled.
Then it undergoes an adiabatic change until the temperature
returns to its initial value. (1988 - 6 Marks)
(1) Sketch the process on a p-V diagram.

(i) What are the final volume and pressure of the gas ?
(ii) What is the work done by the gas ?

An ideal monatomic gas is confined in a cylinder by a spring-
loaded piston of cross-section 8.0 x 10-3 m?. Initially the
gas is at 300 K and occupies a volume of 2.4 x 10-3 m3 and
the spring is in its relaxed (unstretched, uncompressed)
state, fig. The gas is heated by a small electric heater until
the piston moves out slowly by 0.1 m. Calculate the final
temperature of the gas and the heat supplied (in joules) by
the heater. The force constant of the spring is 8000 N/m,
atmospheric pressure is 1.0 x 10° Nm=2. The cylinder and
the piston are thermally insulated. The piston is massless
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and there is no friction between the piston and the cylinder.
Neglect heat loss through lead wires of the heater. The heat
capacity of the heater coil is negligible. Assume the spring
to be massless. (1989 - 8 Mark)

N SONN NN SONNMMNNNY

Open atmosphere

<—Rigid
—"WW‘—E Support

22227
Z

Heater g

2227
222272722272

SSSSSSS SSSSSSSS N

An ideal gas having initial pressure P, volume V and
temperature 7 is allowed to expand adiabatically until its

volume becomes 5.66 V' while its temperature falls to g .

(1990 - 7 Mark)
(1) How many degrees of freedom do the gas molecules
have?
(i) Obtain the work done by the gas during the expansion
as a function of the initial pressure P and volume V.

Three moles of an ideal gas (Cp = 7 ) at pressure, P,
2

and temperature 74 is isothermally expanded to twice its

initial volume. It is then compressed at constant pressure to
its original volume. Finally gas is compressed at constant
volume to its original pressure P,. (1991 - 4 + 4 Marks)
(a) Sketch P-Vand P- T diagrams for the complete process.
(b) Calculate the net work done by the gas, and net heat
supplied to the gas during the complete process.
Two moles of helium gas undergo a cyclic process as shown
in Fig. Assuming the gas to be ideal, calculate the following
quantities in this process (1992 - 8 Marks)

2 atm - > B

1 at <
amD C

300K 400 K
(@) The net change in the heat energy

(b) The net work done

(c) Thenet change in internal energy

One mole of a mono atomic ideal gas is taken through the

cycle shown in Fig; (1993 - 4+4+2 Marks)
P

A — B adiabatic expansion P

B — C: cooling at constant volume B

C - D adiabatic compression

D — A : heating at constant volume: D ¢ o

The pressure and temperature at 4, B, etc. are denoted by
P4,T4,Pg,Tgetc., respectively. Given that 7, = 1000 K,

Pg=(2/3)P, and Fp =(1/3)P4, calculate the following
quantities :
(1) The work done by the gas in the process A —» B

(i) The heat lost by the gas in the process B — C.
(i) The temperature T, [Given: (2/3)*°=0.85]

21.

22,

23.

24.

25.

26.

27.

An ideal gas is taken through a cyclic thermodynamic
process through four steps. The amounts of heat involved
in these steps are O, =59601J, Q,=-5585J, Q;=-2980J and
0, = 3645], respectively. The correspending quantities of
work involved are W, =2200J, W,=-825J,W,=-1100]
and W, respectively. (1994 - 6 Marks)

1. Find the value of .

2. What is the efficiency of the cycle

A closed container of volume 0.02 m3 contains a mixture of

neon and argon gases, at a temperature of 27°C and pressure

of 1 x 10° Nm™2. The total mass of the mixture is 28 g. If the
molar masses of neon and argon 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). (1994 - 6 Marks)

A gaseous mixture enclosed in a vessel of volume 7 consists

of one mole of a gas 4 with y (=Cp/ C,)=5/3 and another

gas B with y="7/5 at a certain temperature T. The relative
molar masses of the gases 4 and B are 4 and 32, respectively.

The gases 4 and B do not react with each other and are

assumed to be ideal. The gaseous mixture follows the

equation PV1%13 = constant, in adiabatic processes.
(1995 - 10 Marks)

(@) Find the number of moles of the gas B in the gaseous
mixture,

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

(¢c) IfTisraised by 1K from 300K, find the % change in
the speed of sound in the gaseous mixture.

(d) The mixture is compressed adiabatically to 1/5 of its
initial volume V. Find the change in its adiabatic
compressibility in terms of the given quantities.

At 27°C two moles of an ideal monoatomic gas occupy a

volume V. The gas expands adiabaticallly to a volume 2V

Calculate (i) the final temperature of the gas, (ii) change in

its internal energy, and (iii) the work done by the gas during

this process. (1996 - 5 Marks)

The temperature of 100g of water is to be raised from 24°C to

90°C by adding steam to it. Calculate the mass of the steam

required for this purpose. (1996 - 2 Marks)

One mole of a diatomic ideal gas (y=1.4) is taken through a

cyclic process starting from point 4. The process A — B
is an adiabatic compression, B —s C is isobaric expansion,

C — D isan adiabatic expansion,and D —» A isisochoric.
The volume ratiosare V,/ V, =16 and V./ V, =2 and the
temperature at 4 is 7, = 300 K. Calculate the temperature of
the gas at the points B and D and find the efficiency of the
cycle. (1997 - 5 Marks)
The apparatus shown in the figure consists of four glass
columns connected by horizontal sections. The height of
two central columns B and C are 49 cm each. The two outer
columns 4 and D are open to the atmosphere. 4 and C are
maintained at a temperature of 95° C while the columns B
and D are maintained at 5°C. The height of the liquid in 4
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and D measured from the base the are 52.8 cm and 51cm
respectively. Determine the coefficient of thermal expansion

ofthe liquid. (1997 - 5 Marks)
4 B C D
95°C 5°C 95°C 5C

One mole of an ideal monatomic gas is taken round the
cyclic process ABCA as shown in Figure. Calculate
(1998 - 8 Marks)

P
3p 5
0
Fo Y c
I !
1 1
v 2, v

(a) the work done by the gas.

(b) the heat rejected by the gas in the path CA and the
heat absorbed by the gas in the path 4B,

(c) the net heat absorbed by the gas in the path BC;

(d) the maximum temperature attained by the gas during
the cycle.

A solid body X of heat capacity C is kept in an atmosphere

whose temperature is 7, =300 K. Attime =0 the temperature

of X'is T, = 400 K. It cools according to Newton’s law of

cooling. At time 5 its temperature is found to be 350 K.

(1998 - 8 Marks)

At this time (¢,), the body X is connected to a large box Y at

atmospheric temperature 7 ,, through a conducting rod of

length L, cross-sectional area 4 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 at time = 31,.

Two moles of an ideal monatomic gas, initially at pressure

p, and volume V,, undergo an adiabatic compression until

its volume is V,. Then the gas is given heat Q at constant

volume V. (1999 - 10 Marks)

(@ Sketch the complete process on a p— V diagram.

(b) Find the total work done by the gas, the total change in
its internal energy and the final temperature of the gas.
[Give your answer in terms of 20 Vl V0 and R]

Two moles of an ideal monatomic gas 1s taken 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 (2000- 10 Marks)

PA
B C
2p, >
\
P, A
> T
T, 3T,

32.

33.

34.

35.

36.

(@) the work done on the gas in the process 4B and
(b) the heat absorbed or released by the gas in each of the
processes.
Give answer in terms of the gas constant R.
An ice cube of mass 0.1 kg at 0°C is placed in an isolated
container which is at 227°C. The specific heat S of the
container varies with temperature 7 according to the
empirical relation S= 4 + BT, where A = 100 cal/kg-K and B=
2 x 10”2 cal/kg-K?. If the final temperature of the container is
27°C, determine the mass of the container. (Latent heat of
fusion of water = 8 x 10* cal/kg, Specific heat of water = 103
cal/kg-K). (2001-5 Marks)
A monoatomic ideal gas of two moles is taken through a
cyclic process starting from A as shown in figure. The volume

14 4

ratios are V_j =2 and V_j =4 Ifthe temperature T, at A is
27°C. (2001-10 Marks)
7 — ] o ‘ ,‘ B
Va "j:/*:/i
N N I
Calculate, 4

(@) thetemperature of the gas at point B,

(b) heat absorbed or released by the gas in each process,
(c) thetotal work done by the gas during the complete cycle.

Express your answer in terms of the gas constant R.

A cubical box of side 1 meter contains helium gas (atomic
weight 4) at a pressure of 100 N/m2. 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, without any

.. . 25
collision with other atoms. Take R = — J/mol-K and

3
k=138 x1023 JJK (2002 - 5 Marks)
(a) Evaluate the temperature of the gas.
(b) Evaluate the average kinetic energy per atom.
(c) Evaluate the total mass of helium gas in the box.
An insulated container containing monoatomic gas of molar
mass m is moving with a velocity v,. If the container is
suddenly stopped, find the change in temperature.

(2003 - 2 Marks)
Hot oil is circulated through an insulated container with a
wooden lid at the top whose conductivity
K=10.149 J/(m-°C-sec), thickness = 5 mm, emissivity=0.6.
Temperature of the top of the lid is maintained at 7,= 127°C.
Ifthe ambient temperature 7, =27°C. (2003 - 4 Marks)

T.=127°

.

T, |T,=27°C
Pk Hot oil

I
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Calculate :

(a) rateof heat loss per unit area due to radiation from the
lid.

(b) temperature of the oil.

(Given g = %XIO_8 Wm2K™)

7. A diatomic gas is enclosed in a vessel fitted with massless
movable piston. Area of cross section of vessel is 1 m2.
Initial height of the piston is 1 m (see the figure). The initial 40
temperature of the gas is 300 K. The temperature of the gas :
is increased to 400 K, keeping pressure constant, calculate
the new height of the piston. The piston is brought to its
initial position with no heat exchange. Calculate the final
temperature of the gas. You can leave answer in fraction.

(2004 - 2 Marks)

surrounding hasemissivity e. Also 7,= T+ ATand 7, >> AT.
If T, — T, oc AT, find the proportionality constant.
(2004 - 4 Marks)

Insulation

Furnace

A cubical block of co-efficient of linear expansion o is
submerged partially inside a liquid of co-efficient of volume
expansion y,. On increasing the temperature of the system
by AT, the height of the cube inside the liquid remains
unchanged. Find the relation between o, and v,.

(2004 - 4 Marks)

41. A cylinder of mass 1 kg is given heat of 20,000J at
Ll atmospheric pressure. Ifinitially the temperature of cylinder
1520°C, find (2005 - 6 Marks)
(a) final temperature of the cylinder.
Ilm (b) work done by the cylinder.
(c) change in internal energy ofthe cylinder
38. A small spherical body of radiusr is falling under gravity in (Given that specific heat of cylinder = 400 J kg™! °C-1,
a viscous medium. Due to friction the medium gets heated. coefficient of volume expansion=9 x 1075 °C-! Atmospherlc
How does the rate of heating depends on radius of body pressure = 10° N/m? and Density of cylinder = 9000 kg/m?)
when it attains terminal velocity? (2004 - 2 Marks)  42. 0.05kg steamat 373 K and 0.45 kg of ice at 253K are mixed in
39. A cylindrical rod of length 1, thermal conductivity K and an insulated vessel. Find the equilibrium temperature ofthe
area of cross section 4 has one end in the furnace at mixture. Given, LfUSl on=80callg=336J/g,L . . = 540
temperature 7, and the other end in surrounding at cal/g=2268J/g,S, .=2100 J/JKgK=0.5 cal/gKandS . =
temperature 7,. Surface of the rod exposed to the 4200J/KgK=1 caﬁ/gK (2006 - 6M)
| 3 Match the Following
DIRECTIONS (Q. No. 1-3) : Each question contains statements given in two columns, which have to P qQr s t
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, ¥ and s. Any given statement in Column-I can have correct matching with ONE OR i @ @® o o
MORE statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these B @ @6 @ @
questions have to be darkened as illustrated in the following example : cl@OOB®®
Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of D @@@ o @
bubbles will look like the given.
1. Heat given to process is positive, match the following option of Column I with the corresponding option of column II :
Column I Column II Flat (2006 - 6M)
(A) XK (p) AW>0 “ J
B) KL @ AQ<0 N .
© M ® AW<0 - = .
O MJ (s) AQ>0 >V(m’)
10 20
2. Column I contains a list of processes involving expansion of an ideal gas. Match this with Column II describing the thermodynamic

change during this process. Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.

Column I
(A) An insulated container has two chambers

Column I1 (2008)
(p) The temperature of the gas decreases

separated by a valve. Chamber I contains an ideal gas and the

Chamber II has vacuum. The valve is opened.

I I

Ideal gas vacuum
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(B) Anideal monoatomic gas expandsto twice its remains original volume (q) The temperature of the gas increases or
such that its pressure P oc 1/V2 where V is the volume of the gas constant

(C) Anideal monoatomic gas expands to twice its original volume (r) The gas loses heat
such that its pressure P oc 1/V43 where V is its volume

(D) An ideal monoatomic gas expands such that its pressure P and (s) The gas gains heat
volume V follows the behaviour shown in the graph

P

H H v
v, 27,
3.  Onemole of a monatomic gas is taken through a cycle ABCDA as shown in the P-V diagram. Column II give the characteristics
involved in the cycle. Match them with each of the processes given in Column L. (2011)
]
S S
1P [ Y——>—> 5
] W v
Column I Column I1
(A) ProcessA—>B (p) Internal energy decreases
(B) ProcessB—>C (q) Internal energy increases
(C) ProcessC—>D (r) Heat is lost
(D) ProcessD— A (s) Heat is gained

(t) Work is done on the gas

DIRECTIONS Q. No. 4 : Following question has matching lists. The codes for the list have choices (a), (b), (¢) and (d) out of which
ONLY ONE is correct.

4.  One mole of amonatomic ideal gas is taken along two cyclic processes E — F - G — E and E - F - H— E as shown in the PV

diagram. The processes involved are purely isochoric, isobaric, isothermal or adiabatic. (JEE Adv. 2013)
’ F
32P,
1 = G
v, v
Match the paths in List I with the magnitudes of the work done in List II and select the correct answer using the codes given
below the lists.
List1 List 11
P G-E 1. 160PyV,In2
Q G-H 2. 36PyV,
R F-H 3. 24PyV,
S. F->G 4. 31PyV,
Codes:
P Q R S
@ 4 3 2 1
by 4 3 1 2
) 3 1 2 4
@ 1 3 2 4
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G

Comprehension Based Questions

PASSAGE -1
A fixed thermally conducting cylinder has aradius R and height
L,. The cylinder is open at its bottom and has a small hole at its
top. A piston of mass M is held at a distance L from the top
surface, as shown in the figure. The atmospheric pressure is P,.

H——2R——»

r 3

e

(L L L

Piston ! ®

1. The piston is now pulled out slowly and held at a distance
2L from the top. The pressure in the cylinder between its

top and the piston will then be (2007)
P,
@ Py ) -
PO Mg PO Mg
c) —+—= d) ———
(c) 2 TR @ - ~1p)

Therefore the pressure inside the cylinder is P, throughout
the slow pulling process.

2. While the piston is at a distance 2L from the top, the hole at
the top is sealed. The piston is then released, to a position
where it can stay in equilibrium. In this condition, the

distance of the piston from the top is (2007)
2 7 R
@ |2 _lon) ) |2 Me,,
7R PO +Mg wR PO
PyiR2 +M 2
© [P0 @ | ey
7R PO 7R PO —Mg

3.  Thepiston is taken completely out of the cylinder. The hole
at the top is sealed. A water tank is brought below the cylinder
and put in a position so that the water surface in the tank is
at the same level as the top of the cylinder as shown in the
figure. The density of the water is p. In equilibrium, the
height H of the water column in the cylinder satisfies

(2007)

(@) pelLy- H)*+P oLo—H) +L,Py=0
(b) pgl,- H)? - Py(L,—H)-L,P,=0
(©) pgL,—H)?+PyL,-H)-LP,=0
(d) peL,- H)? - Po(Ly—H) +LP,=0

PASSAGE -2

A small spherical monoatomic ideal gas bubble (y = 5/3) is trapped
inside a liquid of density p (see figure). Assume that the bubble
does not exchange any heat with the liquid. The bubble contains
n moles of gas. The temperature of the gas when the bubble is at
the bottom is T, the height of the liquid is H and the atmospheric

pressure is P, (Neglect surface tension). (2008)
Py
Liquid
[~ N [/ !
H| Fo====1 )
——— Iy

4.  Asthe bubble moves upwards, besides the buoyancy force
the following forces are acting on it
(@ Only the force of gravity
(b) The force due to gravity and the force due to the
pressure of the liquid
(¢) The force due to gravity, the force due to the pressure
of the liquid and the force due to viscosity of the liquid
The force due to gravity and the force due to viscosity
of the liquid
5. When the gas bubble is at a height y from the bottom, its
temperature is —

(d)

2/5
@ T, (PO +png\\
\ Py +pcgy

2/5
. (Po+pg H-y))

&\ Py +p,gH
© T (PO +png\\3/5
g L Py +pgy

3/5

(P +p,g (H-v))
() T 0+ P8 ( y)
Py +p,gH

6.  The buoyancy force acting on the gas bubble is (Assume R
is the universal gas constant)

2/5
@@ p,nRgT, %
(P +pegy)
®) pnRgTy
(B +pegH)* [Py +ppg (H-y)P
3/5
(Po +pegy)
(d) pﬂnRgTO

(B +p,gH)*°[By +pog (H-y)P°
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PASSAGE -3

In the figure, a container is shown to have a movable (without
friction) piston on top. The container and the piston are all made
of perfectly insulated material allowing no heat transfer between
outside and inside the container. The container is divided into
two compartments by a rigid partition made of a thermally
conducting material that allows slow transfer of heat. The lower
compartment of the container is filled with 2 moles of an ideal
monatomic gas at 700 K and the upper compartment is filled with
2 moles of an ideal diatomic gas at 400 K. The heat capacities per

mole of an ideal monatomic gas are Cj, = % R,Cp= % R.and

those for an ideal diatomic gas are Cj, = %R ,Cp= %R .

?

7.  Consider the partition to be rigidly fixed so that it does not
move. When equilibrium is achieved, the final temperature
of the gases will be (JEE Adv. 2014)
(@ 550K (b) 525K
(c) 513K (d) 490K

8. Nowconsider the partition to be free to move without friction
so that the pressure of gases in both compartments is the
same. The total work done by the gases till the time they

achieve equilibrium will be (JEE Adv. 2014)
(@ 250R (b) 200R
(c) 100R (d -100R

H Assertion & Reason Type Questions

1. Statement-I : The total translational kinetic energy of all
the molecules of a given mass of an ideal gas is 1.5 times
the product of its pressure and its volume. (2007)
because
Statement-2 : The molecules of a gas collide with each other
and the velocities of the molecules change due to the collision.
(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

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

(d) Statement-2 is False, Statement-2 is True

I Integer Value Correct Type

1.  Ametal rod ABoflength 10x has its one end 4 in ice at 0. °C,
and the other end B in water at 100 °C. Ifa point P onthe rod
is maintained at 400 °C, then it is found that equal amounts
of'water and ice evaporate and melt per unit time. The latent
heat of evaporation of water is 540 cal/g and latent heat of
melting of ice is 80 cal/g. If the point P is at a distance of
A x from the ice end 4, find the value A.

[Neglect any heat loss to the surrounding. ] (2009)

A piece of ice (heat capacity=2100 Jkg~! °C~! and latent heat
=3.36 x 10°Jkg™!) of mass m grams is at —5°C at atmospheric
pressure. It is given 420 J of heat so that the ice starts melting,
Finally when the ice-water mixture is in equilibrium, it is found
that 1 gm of ice has melted. Assuming there is no other heat
exchange in the process, the value of m is (2010)
Two spherical bodies A (radius 6 cm ) and B(radius 18 ¢cm )
are at temperature 7, and T,, respectively. The maximum
intensity in the emission spectrum of A is at 500 nm and in
that of B isat 1500 nm. Considering them to be black bodies,
what will be the ratio of the rate of total energy radiated by
A to that of B? (2010)

1
A diatomic ideal gas is compressed adiabatically toz of

itsinitial volume. Ifthe initial temperature of the gas is 7; (in

Kelvin) and the final temperature is a 7;, the value of a is

(2010)

Steel wire of lenght ‘L’ at 40°C is suspended from the ceiling

and then a mass ‘m’ is hung from its free end. The wire is

cooled down from 40°C to 30°C to regain its original length

‘L. The coefficient of linear thermal expansion ofthe steel is

1073 /° C, Young’s modulus of steel is 10!! N/m?and radius

of the wire is 1 mm. Assume that L >>diameter of the wire.

Then the value of ‘m’ in kg is nearly (2011)

A thermodynamic system is taken from an initial state 7 with
internal energy U;= 100 J to the final state falong two different
paths iaf and ibf, as schematically shown in the figure. The
work done by the system along the paths af, ib and bf are
W,~2001J, W; =50Jand W,=100 J respectively. The heat
supplied to the system along t{le path iaf, ib and bf are Qiaﬁ
Q;pand Qbfrespectively. Ifthe internal energy ofthe system

b 1S
ib
(JEE Adv. 2014)

in the state b is U =200 Jand Qiaf= 500]J, The ratio

b
V

>
>

Two spherical stars 4 and B emit blackbody radiation. The
radius of 4 is 400 times that of B and 4 emits 10* times the

A
power emitted from B. The ratio (ﬁ] of their wavelengths

A, and Ap at which the peaks occur in their respective
radiation curves is (JEE Adv. 2015)

A metal is heated in a furnace where a sensor is kept above
the metal surface to read the power radiated (P) by the metal.
The sensor has a scale that displays log,, (P/P ), where P,
is a constant. When the metal surface is at a temperature of
487°C, the sensor shows a value 1. Assume that the
emissivity of the metallic surface remains constant. What is
the value displayed by the sensor when the temperature of
the metal surface israised t02767°C?  (JEE Adv. 2016)
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Section-B

Which statement is incorrect?

(@) all reversible cycles have same efficiency

(b) reversible cycle has more efficiency than an irreversible
one

(¢) Carnot cycle is a reversible one

(d) Carnot cycle has the maximum efficiency in all cycles.

Heat given to a body which raises its temperature by 1°C is

[2002]

(@) waterequivalent (b) thermalcapacity  [2002]
(c) specific heat (d) temperature gradient
Infrared radiation is detected by [2002]

(a) spectrometer (b) pyrometer

(c) nanometer (d) photometer

Which of the following is more close to a black body?

(@) black board paint (b) green leaves [2002]
(c) black holes (d) red roses

Cooking gas containers are kept in a lorry moving with
uniform speed. The temperature of the gas molecules inside
will [2002]
(@) increase

(b) decrease

(¢c) remainsame

(d) decrease for some, while increase for others

If mass-energy equivalence is taken into account, when
water is cooled to form ice, the mass of water should

(@) increase [2002]
(b) remain unchanged

(c) decrease

(d) first increase then decrease

At what temperature is the r.m.s velocity of a hydrogen
molecule equal to that of an oxygen molecule at 47°C?

(@ 80K (b) -73K [2002]
(¢ 3K (d) 20K

Even Carnot engine cannot give 100% efficiency because
we cannot 12002
(a) preventradiation

(b) find ideal sources

(c) reach absolute zero temperature

(d) eliminate friction.

1 mole of a gas with ¥ =7/5 is mixed with 1 mole of a gas

with Y =5/3, then the value of ¥ for the resulting mixture is
@ 75 (b) 2/5 [2002]
(c) 2416 d) 1277.

Two spheres of the same material have radii 1 m and 4 m and
temperatures 4000 K and 2000 K respectively. The ratio of
the energy radiated per second by the first sphere to that by

the second is [2002]
@ 1:1 (b) 16:1
(c) 4:1 d 1:9

“Heat cannot by itself flow from a body at lower temperature
to a body at higher temperature” is a statement or
consequence of [2003]
(@) second law of thermodynamics

(b) conservation of momentum

(c) conservation of mass

(d) firstlaw ofthermodynamics

JEE Main / GIEEE

12.

13.

14.

15.

16.

17.

18.

19.

20.

During an adiabatic process, the pressure of a gas is found
to be proportional to the cube of its absolute temperature.

Theratio Cp /Cj, for the gas is [2003]
4

@ 3 (b) 2
5 3

© 3 @ 3

Which of the following parameters does not characterize
the thermodynamic state of matter? [2003]
(a) Temperature (b) Pressure

(c) Work (d) Volume

A Carnot engine takes 3x10° cal. of heat from a reservoir

at 627°C, and gives it to a sink at 27°C . The work done
by the engine is [2003]

@ 42x10°%] (b) 8.4x10°J

© 16.8x10°%) (d) zero

The earth radiates in the infra-red region of the spectrum.
The spectrum is correctly given by [2003]
(a) Rayleigh Jeans law

(b) Planck’s law of radiation

(c) Stefan’slaw ofradiation

(d) Wien’slaw

According to Newton’s law of cooling, the rate of cooling

of a body is proportional to (A)", where AQ is the

difference of the temperature of the body and the
surroundings, and n is equal to [2003]
(@ two (b) three (c) four (d)one

One mole of ideal monatomic gas (y = 5/3) is mixed with

one mole of diatomic gas (y=7/5). What is Y for the

mixture? Y Denotes the ratio of specific heat at constant
pressure, to that at constant volume 12004]
(@ 3523 (b)23/15 (c) 32 (d) 43

If the temperature of the sun were to increase from 7to 27T
and its radius from R to 2R, then the ratio of the radiant
energy received on earth to what it was previously will be

(@ 32 (b) 16 [2004]
(c) 4 d) &

Which of the following statements is correct for any
thermodynamic system ? [2004]

(@ The change in entropy can never be zero

(b) Internal energy and entropy and state functions

(¢) The internal energy changes in all processes

(d) The work done in an adiabatic process is always zero.
Two thermally insulated vessels 1 and 2 are filled with air at

temperatures (7},75), volume (F},/;) and pressure

(B, B) respectively. If the valve joining the two vessels is

opened, the temperature inside the vessel at equilibrium will
be [2004]

(@ TL(BV+RV)I(ANT, + BV,T)
b (G+7)/2

(© h[+T

(d TL(AN+ BV (AN + BVLT,)
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The temperature of the two outer surfaces of a composite
slab, consisting of two materials having coefficients of
thermal conductivity K and 2K and thickness x and 4x,

respectively, are 7, and 7(7, > T;) . Therate of heat transfer

A(T, -T))K
through the slab, in a steady state is (UTI)) /s
with fequal to [2004]
—x—> «—— X ——
/)
= b 1 1 d 1
@ 3 b 5 © @ 3

Which of the following is incorrect regarding the first law
of thermodynamics? [2005]
(@) It is a restatement of the principle of conservation of
energy

(b) It is not applicable to any cyclic process

(¢) It introduces the concept of the entropy

(d) It introduces the concept of the internal energy

The figure shows a system of two concentric spheres of
radii 7, and r, are kept at temperatures 7, and T, respectively.
The radial rate of flow of heat in a substance between the
two concentric spheres is proportional to [2005]

@ zn(%j

(n—-n)
b
®) (nn) “)
(C) ("2—’1)
d nn
@ (n-n)

A system goes from A to B via two processes I and II as
shown in figure. If AU, and AU, are the changes in internal
energies in the processes I and Il respectively, then [2005]

() relationbetween AUjand I
AU, can not be determined Q
A B
(b) AU, 1= AU. 2 1

(C) AUZ < AUI

d)y AU, > AU
The temperature-entropy diagram of a reversible engine

v

cycle is given in the figure. Its efficiency is [2005]
1
€)) Z T
1
® 5 m
2 R EA
© 3 — \
1 Se 28
d = 0 0
(d 3

26.

27.

28.

29.

30.

31.

32.

o P-75
A gaseous mixture consists of 16 g of helium and 16 g of
oxygen. The ratio C_p of the mixture is [2005]
v
(@ 162 (b) 1.59 (c) 1.54 d) 14

Assuming the Sun to be a spherical body of radius R at a

temperature of 7K, evaluate the total radiant powerd incident

of Earth at a distance r from the Sun [2006]

252 T 200 T*

@ A4y Ro— (b) mHRo—
r r

4 4

PR T— R’ r

) n = (d) )

where 7, is the radius of the Earth and o is Stefan's constant.
Two rigid boxes containing different ideal gases are placed
on a table. Box A contains one mole of nitrogen at temperature
T,, while Box contains one mole of helium at temperature

7
(E) 0. The boxes are then put into thermal contact with

each other, and heat flows between them until the gases
reach a common final temperature (ignore the heat capacity
of boxes). Then, the final temperature of the gases, 7, in

terms of 7| is [20{)6]
3 7

(@) Tf=;To (b) Tf=§To
3 5

© Tr= ETo d Tr= ETo

The work of 146 kI is performed in order to compress one
kilo mole of gas adiabatically and in this process the
temperature of the gas increases by 7°C. The gas is
(R=8.3Jmol'K™) [2006]
(a) diatomic

(b) triatomic

(c) amixture of monoatomic and diatomic

(d) monoatomic

When a system is taken from state i to state falong the path
iaf, it is found that Q =50 cal and =20 cal. Along the path

ibf O =36 cal. W along the path ibfiis [2007]
(@ 14cal a f

(b) 6cal

© 16cal 1

(d) 66¢cal i b

A Carnot engine, having an efficiency of N = 1/10 as heat
engine, is used as a refrigerator. If the work done on the
system is 10 J, the amount of energy absorbed from the
reservoir at lower temperature is [2007]
(@ 100J  (b) 99J (c) 90J @ 1]

One end of athermally insulated rod is kept at a temperature
T, and the other at T,,. The rod is composed of two sections
of length /; and /, and thermal conductivities K, and K,
respectively. The temperature at the interface of the two

section is [2007]
T, |, 1, o
I<l KZ
@ Khli+Khh) ) Kahli+KihT)
(Klll + Kzlz) (Klll + KZIZ)
© (Ko Ty + Ky Ty) ) (KihTi + KphTy)
(Kzll + K]lz) (KIIZ + Kzll)
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If Cp and C}, denote the specific heats of nitrogen per unit
mass at constant pressure and constant volume respectively,
then 12007
(@ Cp—C,=28R (b) Cp—Cp=RI28

(¢ Cp—Cp=R/4 (d Cp—C,=R

The speed of sound in oxygen (O,) at a certain temperature
is 460 ms~!. The speed of sound in helium (He) at the same
temperature will be (assume both gases to be ideal) [2008|
(@ 1421 ms™! (b) 500ms™!

() 650ms! (d) 330ms™!

An insulated container of gas has two chambers separated
by an insulating partition. One of the chambers has volume
V,and contains ideal gas at pressure P, and temperature
T,. The other chamber has volume V, and contains ideal
gas at pressure P, and temperature 7. If the partition is
removed without doing any work on the gas, the final
equilibrium temperature of the gas in the container will be

LT (AW +BY,) Anhi+ BT
(@) PV TP, [2008]
PIV1T2 +P2V27i 1M1+ 027
BT, + BT LTy (RV: +BVs)
© TRK+BY, RWAT; + BY4T,

A long metallic bar is carrying heat from one of its ends to
the other end under steady—state. The variation of
temperature 0 along the length x of the bar from its hot end

is best described by which of the following figures? [2009]
0 0
(@) (b)
i X — X
0 0 /\
(c) ()
P _X

DIRECTIONS for questions 37 to 39 : Questions are based on
the following paragraph.

Two moles of helium gas are taken over the cycle ABCDA, as
shown in the P-T diagram.

37.

38.

39.

5 A B
2x10
P (Pa)
1x10° | D e
| —>T
300K 500K
Assuming the gas to be ideal the work done on the gas in
taking it from A to Bis :
(@ 300R (b) 400R
(c) 500R (d) 200R
The work done on the gas in taking it from Dto 4 is:
(@) +414R (b) —690R
(c) +690R (d) -414R
The net work done on the gas in the cycle ABCDA is :
(@ 276R (b) 1076R
(c) 1904R (d) =zero

40.

41.

42.

43.

44.

45.

46.

Onekg of a diatomic gas is at a pressure of 8 x 10*N/m2. The
density of the gas is 4kg/m3. What is the energy of the gas

due to its thermal motion? [2009]
(@ 5x10%J (b) 6x10%J
(c) 7x10%J (d) 3x10%J

Statement I : The temperature dependence of resistance is
usually given as R= R (1 + o A¢). The resistance of a wire
changes from 100Q to 150Q2 when its temperature is
increased from 27°C to 227°C. This implies that
a=25x1073/°C.

Statement 2 : R=R_(1+ o Af) is valid only when the change
in the temperature AT is small and

AR=(R-Ry))<<R, 12009]
(a) Statement-1 is true, Statement-2 is true; Statement-2 is
the correct explanation of Statement-1.

Statement-1 is true, Statement-2 is true; Statement-2 is
not the correct explanation of Statement-1.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is false.

A diatomic ideal gas is used in a Carnot engine as the working
substance. If during the adiabatic expansion part of the cycle
the volume of the gas increases from V to 32 V, the efficiency
of the engine is [2010]
(@ 05 (b) 0.75 (c) 099 (d) 025

A thermally insulated vessel contains an ideal gas of
molecular mass M and ratio of specific heats y. It is moving
with speed v and it's suddenly brought to rest. Assuming
no heat is lost to the surroundings, its temperature increases

(b)

(y=1), > yMy
(@ WR -My"K (b) T K

-0, 2 =D 400
(©) 2T Mv°K (d) 2y TDR Mv K

Three perfect gases at absolute temperatures 7, 7, and T}
are mixed. The masses of molecules are m,, m, and m; and
the number of molecules are n,, n, and n, respectively.
Assuming no loss of energy, the final temperature of the
mixture is ; [2011]

mli +mT +mly I+ mT3 +mTf

(a) n +ny+ng anl + n2T2 + n3T3
niT? + m3TE + n3T} q (T, + T, + T3)
(c mT+mT, +n3ly @ 3

A Carnot engine operating between temperatures 7; and 7,,

1
has efficiency pE When T, is lowered by 62 K its efficiency

1
increases to 5. Then 7' and T, are, respectively: [2011]

(@ 372Kand330K (b) 330Kand268K
(c) 310Kand248K (d) 372Kand310K
100g of water is heated from 30°C to 50°C. Ignoring the
slight expansion of the water, the change in its internal energy

is (specific heat of water is 4184 J/kg/K): [2011]
(@ 84KkJ (b) 84kJ
() 21KkJ (d) 42kJ
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47. A wooden wheel of radius R is made of two semicircular part

48.

49.

50.

S1.

(see figure). The two parts are held together by a ring made
of a metal strip of cross sectional area S and length L. L is
slightly less than 2nR. To fit the ring on the wheel, it is
heated so that its temperature rises by AT and it just steps
over the wheel. As it cools down to surrounding temperature,
it presses the semicircular parts together. If the coefficient
of linear expansion of the metal is a, and its Young's modulus
is Y, the force that one part ofthe wheel applies on the other

partis:  Lee-- [2012]
(@) 2nSYaAT m
(b) SYoAT : :
(c) nSYoAT -“U,"
(d) 2SYoAT DN
Helium gas goes through a cycle ABCDA (consisting of
two isochoric and isobaric lines) as shown in figure
Efficiency of this cycle is nearly : (Assume the gas to be
close to ideal gas) [2012]
B

(@ 154% & g
(b) 9.1% 4 S
() 10.5%
d) 125% Yol 2V
A liquid in a beaker has temperature 0(t) at time zand 0 is
temperature of surroundings, then according to Newton's
law of cooling the correct graph between log,(6-6;) and
tis: [2012]

~ =

<) I

| =)

= N

k. g
@ 7 (b)'4

y —>t \ : —>t

e 3

bﬁ o
(© < (d) &

t t

0 =7 0 —

A Carnot engine, whose efficiency is 40%, takes in heat
from a source maintained at a temperature of S00K. It is
desired to have an engine of efficiency 60%. Then, the intake
temperature for the same exhaust (sink) temperature must
be : [2012]
(a) efficiency of Carnot engine cannot be made larger than

50%
(b) 1200K (c) 750K (d) 600K
pl

2po """" A &
Po i c
Vo 2v, V

52.

53.

54.

5S.

The above p-v diagram represents the thermodynamic cycle
of an engine, operatingwith an ideal monatomic gas. The
amount of heat, extracted from the source in a single cycle is

[JEE Main 2013]

@ wo ® (S © (S @ s

Ifa piece of metal is heated to temperature 6 and then allowed
to cool in aroom which is at temperature 6, the graph between
the temperature T of the metal and time t will be closest to

[JEE Main 2013
T TN
8 -
@ \ b "
(@) t—> O t—>
1\ TN\
0 |ore ) —
© @ "
ol t— Ol T—

The pressure that has to be applied to the ends of a steel wire
of length 10 cm to keep its length constant when its
temperature is raised by 100°C is:

(For steel Young’s modulus is 2 x 10!'Nm™2 and coefficient
[JEE Main 2014]
(b) 22x10° Pa

ofthermal expansion is 1.1x107° K1)
(@ 2.2x10%Pa

(c) 22x10" Pa () 22x10° Pa

There is a circular tube in a vertical plane. Two liquids which
do not mix and of densities d, and d, are filled in the tube.
Each liquid subtends 90° angle at centre. Radius joining their

interface makes an angle o. with vertical. Ratio sy is:
2
[JEE Main 2014|

1+sina

(@)

l-sina

1+cosa

(b)

1-cosa

1+tano
I-tano

©

1+sino

@ I-cosa
Three rods of Copper, Brass and Steel are welded together to
form a'Y shaped structure. Area of cross - section of each rod

= 4¢m? . End of copper rod is maintained at 100°C where as

ends of brass and steel are kept at (°C. Lengths ofthe copper,
brass and steel rods are 46, 13 and 12 cms respectively. The
rods are thermally insulated from surroundings excepts at
ends. Thermal conductivities of copper, brass and steel are
0.92,0.26 and 0.12 CGS units respectively. Rate of heat flow
through copper rod is: [JEE Main2014]
(@ 12cal/s
(c) 4.8calls

(b) 2.4cal/s
(d) 6.0cal/s
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56. One mole of a diatomic ideal gas undergoes a cyclic process
ABC as shown in figure. The process BC is adiabatic. The
temperatures at A, B and C are 400 K, 800 K and 600 K
respectively. Choose the correct statement: [JEE Main 2014]

r

B
800 K

600 k
400 K

»
L

\'

The change in internal energy in whole cyclic process is
250R.
The change in internal energy in the process CA is 700 R.
(¢) Thechange in internal energy in the process ABis-350R.
(d) The change in internal energy in the process BC is
-500R.
57. A solid body of constant heat capacity 1 J/°C is being heated
by keeping it in contact with reservoirs in two ways :
[JEE Main 2015]
(1) Sequentially keeping in contact with 2 reservoirs such
that each reservoir supplies same amount of heat.
(i) Sequentially keeping in contact with 8 reservoirs such
that each reservoir supplies same amount of heat.
In both the cases body is brought from initial temperature
100°Cto final temperature 200°C. Entropy change ofthe body
in the two cases respectively is :
@) In2, 2in2 (b) 2in2, 8in2
(©) In2, 4In2 (d) n2, In2
58. Consider a spherical shell of radius R at temperature T. The
black body radiation inside it can be considered as an ideal gas

@
(b)

of photons with internal energy per unit volume u= v T

1
and pressure p= 5(%) . If the shell now undergoes an
adiabatic expansion the relation between T and R is :
[JEE Main 2015|

1 1
o — Toc—
@ Tem ®) T

(c) TxceR (d) Toece3R

59. Consider an ideal gas confined in an isolated closed chamber.
As the gas undergoes an adiabatic expansion, the average

60.

61.

62.

time of collision between molecules increases as V9, where V
C

is the volume of the gas. The value of q is : (y = C—pJ
v
[JEE Main 2015]
y+1 y-1
@ 5 ®
3y+5 3y-5
© ¢ @ ¢

'n' moles of an ideal gas undergoes a process A —B as
shown in the figure. The maximum temperature of the gas

during the process ;vill be : [JEE Main 2016]
an -
PO - ---é-\-IB
\./0 2IVO v
© %JI,DOTYO Gl %

A pendulum clock loses 12 s a day if the temperature is 40°C
and gains 4 s a day if the temperature is 20° C. The
temperature at which the clock will show correct time, and
the co-efficient of linear expansion ( o ) of the metal of the
pendulum shaft are respectively : [JEE Main 2016
(@ 30°C; o =1.85x1073/°C

(b) 55°C; o =1.85x1072/°C

(¢) 25°C; o =1.85x1075/°C

(d) 60°C; o =1.85x107*/°C

An ideal gas undergoes a quasi static, reversible process in
which its molar heat capacity C remains constant. If during
this process the relation of pressure P and volume V is given
by PV" = constant, then n is given by (Here C;, and Cy, are
molar specific heat at constant pressure and constant

volume, respectively) : |JEE Main 2016]
Cp-C C-C
@ =g b "o o
C-Cy C-Cp
_6 _C-G
(©) n_a () n_C—CV
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Section-A

Fill in the Blanks

An object of mass 0.2 kg executes simple harmonic oscillation
along the x-axis with a frequency of (25/7) Hz. At the position
x=0.04, the object has Kinetic energy of 0.5 J and potential
energy 0.4 J. The amplitude of oscillations is ....... m.

(1994 - 2marks)

MCQs with One Correct Answer

Two bodies M and N of equal masses are suspended from
two separate massless springs of spring constants k; and

k, respectively. If the two bodies oscillate vertically such

that their maximum velocities are equal, the ratio of the
amplitude of vibration of M to that of Nis (1988 - 1mark)

k k
@5 O Kk © 5 @ik

A particle free to move along the x-axis has potential energy

given by U(x) = k [1-exp(—x?)] for oo < x < +o0, where kis

a positive constant of appropriate dimensions. Then

(1999S - 2marks)

(a) atpoints away from the origin, the particle is in unstable
equilibrium

(b) for any finite nonzero value of x, there is a force directed
away from the origin

(c) ifits total mechanical energy is 4/2, it has its minimum
kinetic energy at the origin.

(d) for small displacements from x =0, the motion is simple
harmonic

The period of oscillation of a simple pendulum of length L

suspended from the roof of a vehicle which moves without

friction down an inclined plane of inclination o, is given by

(@ 2n L ®) 2x L (2000S)
gcosa gsina
L
© 2n \/Z d 2n
g gtana

A particle executes simple harmonic motion between x =—A4
and x =+4. The time taken for it to go from 0 to 4/2 is T, and

to go from A4/2 to A is T,,. Then (2001S)
(@ T,<T, b)) T,>T,
(© T,=T, (d) T,=2T,

Simple Harmonic Motion
(Oscillations)

JEE Advanced/ IIT-JEE

For a particle executing SHM the displacement x is given by
x = A cosot. Identify the graph which represents the variation
of potential energy (PE) as a function of time ¢ and
displacement x (2003S)

| 11 PE
PE I
t v
=

@ LI () LIV (c¢) ILII ) LIV
A simple pendulum has time period 7,. The point of
suspension is now moved upward according to the relation

y= K¢, (K =1 m/s?) where y is the vertical displacement.
2

The time period now becomes 7,. The ratio of #2 is

2
(g=10m/s?) (2005S)
(@ 56 (b) 6/5 () 1 (d) 4/5
The x-¢ graph of a particle undergoing simple harmonic
motion is shown below. The acceleration of the particle at

t=4/3sis (2009)
/\1
§ /\
_IL
BB oo o —n?
—7° cm/ b) —— 2
@ 327r cm/s (b) 2 cm/s
2
V1 2 3 2 2
=z 4 -2
(© 3 cm/s (d 32 m cm/s

A uniform rod of length L and mass M
is pivoted at the centre. Its two ends
are attached to two springs of equal
spring constants k. The springs are
fixed to rigid supports as shown in the
figure, and therod is free to oscillate in the horizontal plane.
The rod is gently pushed through a small angle € in one
direction and released. The frequency of oscillation is

(2009)
1 2k 1 k
@ 2\ ®) ;\/%
1 |6k 24k
© 2V Oy va
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The mass M shown in the figure oscillates in simple harmonic
motion with amplitude 4. The amplitude of the point P is

(2009)

kA

1% =
@ ky (b) ky
A point mass is subjected to two simultaneous sinusoidal
displacements in x-direction, x,(t) = A sin ot and x,(t) =

(C) kl + k2 (d) k1 + k2

. 2
A Sln(wt + ?n) . Adding a third sinusoidal displacement
X,(t) =B sin (ot + ¢) brings the mass to a complete rest. The
values of B and ¢ are (2011)

3n 4n Sn T
—(b) 4,— 34— (d) 4~
T ® A== © AT @ 43

A small block is connected to one end of a massless spring of
un-stretched length 4.9 m. The other end of the spring (see
the figure) is fixed. The system lies on a horizontal frictionless
surface. The block is stretched by 0.2 m and released from
rest at £ = 0. It then executes simple harmonic motion with
angular frequency ® = /3 rad/s. Simultaneously at =0, a
small pebble is projected with speed v form point P at an
angle of 45° as shown in the figure. Point P is at a horizontal
distance of 10 m from O. Ifthe pebble hits the block at z=1s,
the value of v is (take g = 10 m/s2) (2012)

> x

@ 24,

0 . P

N 10 m -
@ +50m/s (b) V51m/s
() 52m/s (d 53m/s

MCQs with One or More than One Correct

A particle executes simple harmonic motion with a frequency.

- The frequency with which its kinetic energy oscillates is
(1987 - 2marks)

@ S2 ) f

(© 2f d) 4

A linear harmonic oscillator of force constant 2 x 106 N/m

and amplitude 0.01 m has a total mechanical energy of 160 J.

Its (1989 - 2 Mark)

(a) maximum potential energy is 100 J

(b) maximum kinetic energy is 100 J

(¢) maximum potential energy is 160 J

(d) maximum potential energy is zero

A uniform cylinder of length L and mass M having cross

sectional area A4 is suspended, with its length vertical, from

a fixed point by a massless spring, such that it is

half- submerged in a liquid of density p at equilibrium

position. When the cylinder is given a small downward push
and released it starts oscillating vertically with small
amplitude. If the force constant of the spring is &, the
frequency of oscillation of the cylinder is (1990 - 2mark)

o L(i) ) L (k)
2n M 27 M

© i(k_'_ngjl/Z @ L(k+Apg]”2
2n M 2n \ Apg

A highly rigid cubical block 4 of small mass Mand side L is
fixed rigidly on to another cubical block B of the same
dimensions and of low modulus of rigidity N such that the
lower face of 4 completely covers the upper face of B. The
lower face of B is rigidly held on a horizontal surface. A
small force F is applied perpendicular to one of the sides
faces of 4. After the force is withdrawn, block 4 executes
small oscillations the time period of which is given by
(1992 - 2mark)

@ 2nyMnL (b)2n‘/% © an (d)zn\/%

One end of a long metallic wire of length L is tied to the
ceiling. The other end is tied to a massless spring of spring
constant K.4 mass m hangs freely from the free end of the
spring. The area of cross-section and the Young’s modulus
of the wire are 4 and Y respectively. If the mass is slightly
pulled down and released, it will oscillate with a time period

T equal to: (1993-2marks)
m(YA+ KL
@ 2n(m/K)""? I T

(©) 2n[(mY4/KL)? (d) 2n[(mL/Y4)"?

A particle of mass m is executing oscillations about the origin
on the x axis. Its potential energy is V(x) = k| x |* where ks
a positive constant. Ifthe amplitude of oscillation is a, then
its time period T'is (1998S - 2marks)
(a) proportionalto 1/y/a (b) independent of a

(c) proportional to \/g (d) proportional to a?
Three simple harmonic motions in the same direction having
the same amplitude a and same period are superposed. If

each differs in phase from the next by 45°, then.
(1999S - 3marks)
(a) theresultantamplitude is (1+~/2)a
(b) the phase of the resultant motion relative to the first is
(©) tgl(l)e energy associated with the resulting motion is
B+ 242 ) times the energy associated with any single

motion
(d) theresulting motion is not simple harmonic.

The function x = Asin® @z + Bcos® ot + Csin of cos o
represent SHM for which of the option(s)
(a) forall valueof 4, Band C (C #0)
(b) A=B,C=2B

(¢) A=-B,C=2B

(d A=B,C=0

(2006 - SM, 1)
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Ametal rod oflength ‘L’ and mass ‘m’ is pivoted at one end.
A thin disc of mass ‘M’ and radius ‘R’ (<L) is attached at its
center to the free end ofthe rod. Consider two ways the disc
is attached: (case A). The disc is not free to rotate about its
centre and (case B) the disc is free to rotate about its centre.
The rod disc system performs SHM in
vertical plane after being released from
the same displaced position. Which of
the following statement(s) is (are) true?
(2011) :
(@) Restoring torque in case A = Restoring torque in
case B
(b) restoring torque in case A < Restoring torque in case B
(c) Angular frequency for case A > angular frequency for
case B.
(d) Angular frequency for case A < Angular frequency for
case B.

10. Two independent harmonic oscillators of equal mass are

11.

oscillating about the origin with angular frequencies , and
o, and have total energies E| and E,, respectively. The
variations of their momenta p with positions x are shown in

a a
the figures. If 3 =n?and R then the correct equation(s)
is(are) (JEE Adv. 2015)
P
Energy = E;

\Energy =E,

R
-

i
NI

(@ E0,=E0, (b) % =n?
5 £ _E
() o0,=n ()] o o

A block with mass M is connected by a massless spring
with stiffness constant k to a rigid wall and moves without
friction on a horizontal surface. The block oscillates with
small amplitude A about an equilibrium position x,. Consider
two cases: (i) when the block is at x ; and (ii) when the block
isatx=x,+A. In both the cases, a particle with mass m(<M)
is softly placed on the block after which they stick to each
other. Which of the following statement(s) is (are) true about
the motion after the mass m is placed on the mass M?
(JEE Adv. 2016)
(a) The amplitude of oscillation in the first case changes

f M . :
by a factor of ,/———, whereas in the second case it
m+M

remains unchanged.

(b) The final time period of oscillation in both the cases is
same.

(¢c) The total energy decreases in both the cases.

(d) The instantaneous speed at x of the combined masses
decreases in both the cases

E Subjective Problems

A mass M attached to a spring, oscillates with a period of
2sec. If the mass is increased by 2 kg the period increases
by one sec. Find the initial mass M assuming that Hook’s
Law is obeyed. (1979)
Two masses m, and m, are suspended
together by a massless spring of
spring constant k. When the masses
are in equilibrium, m, is removed
without disturbing the system. Find
the angular frequency and amplitude

of oscillation of m,. (1981 -3 marks) m,
m,

Two light springs of force constants &, and &, and a block
of mass m are in one line AB on a smooth horizontal table
such that one end of each spring is fixed on rigid supports
and the other end is free as shown in the figure. The distance
CD between the free ends of the springs is 60 cms. If the
block moves along AB with a velocity 120 cm/sec in between
the springs, calculate the period of oscillation of the block
(k,= 1.8 N/m, k,=3.2 N/m,m=200 gm) (1985 - 6 Marks)

k, f—60 cn— | k

///mleh1

A ¢ m D B

Two non-viscous, incompressible and
immiscible liquids of densities p and

1.5p are poured into the two limbs of

a circular tube of radius R and small

cross section kept fixed in a vertical

plane as shown in fig. Each liquid
occupies one fourth the circumference
ofthe tube. (1991 - 4 + 4 marks)

(@) Findthe angle @ thatthe radius to the interface makes
with the vertical in equilibrium position.

(b) If the whole is given a small displacement from its
equilibrium position, show that the resulting
oscillations are simple harmonic. Find the time period
of these oscillations.

Two identical balls A and B each of mass 0.1 kg, are attached

to two identical massless springs. The spring-mass system

is constrained to move inside a rigid smooth pipe bent in
the form of a circle as shown in Fig. The pipe is fixed ina
horizontal plane.

The centres of the balls can move

in a circle of radius 0.06 ® meter.

Each spring has a natural length p

zof0.067 meter and spring constant

0.1 N/m. Initially, both the balls are

displaced by an angle 9 = /6

radian with respect to the diameter PQ of the circle (as shown

in Fig.) and released from rest. (1993 - 6 marks)

(1) Calculate the frequency of oscillation of ball B.

(i) Find the speed of ball 4 when A and B are at the two
ends of the diameter PQ.

(i) What is the total energy of the system
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A thinrod of length L and area of
cross-section S is pivoted at its
lowest point P inside a
stationary, homogeneous and
non-viscous liquid . The rod is
free to rotate in a vertical plane
about a horizontal axis passing
through P. The density d, of the
material ofthe rod is smal ler than the den51ty d, ofthe 11qu1d
The rod is displaced by a small angle 8 from 1ts equilibrium
position and then released. Show that the motion of the rod
is simple harmonic and determine its angular frequency in
terms of the given parameters. (1996 - 5 Marks)

F Match the Following

7. A small body attached to one end

GP_3020

of a vertically hanging spring is
performing SHM about its mean
position with angular frequency ®
and amplitude a. If at a height y*
from the mean position, the body
gets detached from the spring,
calculate the value of y* so that the
height H attained by the mass is
maximum. The body does not interact with the spring during
its subsequent motion after detachment. (aw? > g)

(2005 - 4 Marks)

DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to P qQr s t

be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, v and s. Any given statement in Column-I can have correct matching with ONE OR
MORE statement(s) in Column-I1. The appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

0OOO0
®O0OC®
QO0OG®
®OOO®

Caw»

2.

Column I describes some situations in which a small object moves. Column II describes some characteristics of these motions.

Match the situations in Column I with the characteristics in Column II and indicate your answer by darkening appropriate

bubbles in 4 x 4 matrix given in the ORS.

Column I
(A) The object moves on the x -axis under a
conservative force in such a way that its

"speed " and position" satisfy v = c e - x?

where ¢; and c, are positive constants.

(B) The object moves on the x- axis in such a way that
its velocity and its displacement from the origin
satisfy v = — kx,where k is a positive constant.

(C) The object is attached to one end of a mass-less
spring of a given spring constant. The other
end of the spring is attached to the ceiling of an
elevator. Initially everything is at rest. The elevator
starts going upwards with a constant acceleration a.
The motion of the object is observed from the elevator
during the period it maintains this acceleration.

(D) The object is projected from the earth's surface

vertically upwards with a speed 2,/GM, /R,

where, M, is the mass of the earth and R, is the
radius of the earth, Neglect forces from objects other
than the earth.

(2007)

Column I1
(p) The object executes a simple harmonic motion.

(qQ) The object does not change its direction.

(r) The kinetic energy of the object keeps on
decreasing.

(s) The object can change its direction only once.

Column I gives alist of possible set of parameters measured in some experiments. The variations of the parameters in the form of

graphs are shown in Column II. Match the set of parameters given in Column I with the graph given in Column II. Indicate your
answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. (2008)
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Column I
(A) Potential energy of a simple pendulum (y axis) as
a function of displacement (x axis)

(B) Displacement (y axis) as a function of time (x axis)
for a one dimensional motion at zero or constant

acceleration when the body is moving along the positive

x-direction.

(C) Range of a projectile (y axis) as a function of its
velocity (x axis) when projected at a fixed angle.

(D) The square ofthe time period (y axis) of a simple
pendulum as a function of its length (x axis)

o
Column I1
® K
_— X
X
(@
O X
® j
O—> X
)
X

6]

G Comprehension Based Questions

PASSAGE -1
When a particle of mass m moves on the x-axis in a potential of the
form V(x) = kx? it performs simple harmonic motion. The

corresponding time period is proportional to , f % Ascan be seen

easily using dimensional analysis. However, the motion of a particle
can be periodic even when its potential energy increases on both
sides of x = 0 in a way different from kx? and its total energy is
such that the particle does not escape to infinity. Consider a particle
of mass m moving on the x-axis. Its potential energy is ¥(x)= ax*

(o> 0) for |x| near the origin and becomes a constant equal to V,

for |x| > X, (see figure). (2010)
M(x)
< ............................................. XO ........ >X
1. Ifthetotal energy ofthe particle is E, it will perform periodic
motion only if
(@) E<O (b) E>0
() V,>E>0 d) E>V,

2. For periodic motion of small amplitude A, the time period T
of this particle is proportional to

m 1 |m a 1 |a
(@ A\/; (b) z\/; (© A\/% (d) ;\/;

3. Theacceleration ofthis particle for [x| > X is

(@) proportional to ¥, (b) proportional to ml;_oo
. "
(c) proportional to m—XO (d) zero
PASSAGE -2

Phase space diagrams are useful tools

in analyzing all kinds of dynamical
problems. They are especially useful in
studying the changes in motion as initial
position and momenum are changed.
Here we consider some simple dynamical

Y

Momentum —

Position —»

systems in one dimension. For such systems, phase space is a
plane in which position is plotted along horizontal axis and
momentum is plotted along vertical axis. The phase space diagram
is x(t) vs. p(t) curve in this plane. The arrow on the curve indicates
the time flow. For example, the phase space diagram for a particle
moving with constant velocity is a straight line as shown in the
figure. We use the sign convention in which positon or momentum
upwards (or to right) is positive and downwards (or to left) is
negative. (2011)
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The phase space diagram for a ball thrown vertically up
from ground is

Momentum Momentum
@) f/"\¥ _(b) -
Position \ j Position
Momentum

(C) % Position (d) _%sition

The phase space diagram for simple harmonic motion is a
circle centered at the origin. In the figure, the two circles
represent the same oscillator but for different initial
conditions, and E| and E, are the total mechanical energies
respectively. Then

(@ E1=\/§E2 K 5

(b) E,=2E, ()

(c) E,=4E, \\ty

() E,=16E,

Section-B |3 [T WA]]353

In a simple harmonic oscillator, at the mean position [2002]
(@) kineticenergy is minimum, potential energy is maximum
(b) both kinetic and potential energies are maximum

(c) kineticenergy is maximum, potential energy is minimum
(d) both kinetic and potential energies are minimum.

If a spring has time period T, and is cut into » equal parts,
then the time period of each part will be [2002]

@ Tn () T/n

(c) nT d 7

A child swinging on a swing in sitting position, stands up,

then the time period of the swing will [2002]

(a) increase

(b) decrease

(c) remainssame

(d) increases of the child is long and decreases if the child
is short

A mass M is suspended from a spring of negligible mass.

The spring is pulled a little and then released so that the

mass executes SHM of time period 7. Ifthe mass is increased

m
by m, the time period becomes % . Then the ratio of ” is

2003]
25 5
@ 3

3 16
(@ 5 (b) 5 (© 9

S

Consider the spring-mass system, with the mass submerged
in water, as shown in the figure. The phase space diagram
for one cycle of this system is

Momentum Momentum

o (I
L/

/1IN
b
. )

Position ( \—} Position

Momentum Momentum
o —N . o

Two particles 4 and B of equal masses are suspended from
two massless springs of spring of spring constant &, and
k,, respectively. Ifthe maximum velocities, during oscillation,

are equal, the ratio of amplitude of 4 and Bis [2003]
ky ky k, ky
@\, ®%F © %  @f

The length of a simple pendulum executing simple harmonic
motion is increased by 21%. The percentage increase in the
time period of the pendulum of increased length is [2003]
@ 1% () 21% () 42% (d) 10%

The displacement of a particle varies according to the
relation x = 4(cos 7z + sin wt). The amplitude of the particle

is [2003]
@ -4 (b4 © 442 (d) 8

A body executes simple harmonic motion. The potential
energy (P.E), the kinetic energy (K E) and total energy (T.E)
are measured as a function of displacement x. Which ofthe
following statements is true ? [2003]
(@) KE.ismaximum whenx=0

(b) TEiszerowhen x=0

(¢) KEismaximum whenx is maximum

(d) PEismaximum when x=0
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The bob of a simple pendulum executes simple harmonic
motion in water with a period t, while the period of oscillation

ofthebob s ¢, inair. Neglecting frictional force of water and
given that the density of the bob is (4/3)x1000 kg/m3.

What relationship between ¢ and ¢, is true 2004
(a) t= 210 (b) t= tO /2
(C) t= tO (d) t= 4t0

A particle at the end of a spring executes S.H.M with a
period ¢,. while the corresponding period for another spring
is t,. If the period of oscillation with the two springs in
series is T then [2004]

@ T'=r'+5' ) TP=rF+i

© T=4+4 d T2=12+5"

The total energy of a particle, executing simple harmonic
motion is [2004]
(@) independentofx (b) o x2

© wx @ o«x'

where x is the displacement from the mean position, hence
total energy is independent of x.

A particle of mass m is attached to a spring (of spring constant k)
and has a natural angular frequency . An external force
F(¢) proportional to cosof(m # ®,) is applied to the
oscillator. The time displacement of the oscillator will be

proportional to [2004]
_ v

(@) m(cog +c02) (b) m(mg —0)2)
i L

© co(z)—coz (d (co(2)+c02)

In forced oscillation of a particle the amplitude is maximum
for a frequency o, of the force while the energy is maximum
for a frequencyw, of the force; then [2004]
(@) o, < o, when damping is small and ®, > ®, when
damping is large
b) 0,>0,
©) o,=w,
d o,<o,
Two simple harmonic motions are represented by the

equations y; =0.1 sin (100nt+§] and ¥, =0.1cos wt.

The phase difference ofthe velocity of particle 1 with respect

to the velocity of particle 2 is [2005]
T -7 T -7

@ 3 b — © % (d 3

The function sinz(mt) represents [2005]

(a) aperiodic, but not SHM with a period z
®
2
(b) aperiodic, but not SHM with a period ;n
(c) aSHM with a period %

(d) aSHM with a period 2_1t
(O]

16.

17.

18.

19.

20.

21.

22,

23.

24.

The bob of a simple pendulum is a spherical hollow ball
filled with water. A plugged hole near the bottom of the
oscillating bob gets suddenly unplugged. During observa-
tion, till water is coming out, the time period of oscillation
would [2005]
(a) first decrease and then increase to the original value
(b) first increase and then decrease to the original value
(c) increase towards a saturation value
(d) remain unchanged

2
Ifasimple harmonic motion is represented by ax +ox=0,

2
its time period is [2005]

@) % (b) %" © 2ma  (d) 2na

The maximum velocity of a particle, executing simple
harmonic motion with an amplitude 7 mm, is 4.4 m/s. The
period of oscillation is [2006]
(@ 00ls (b) 10s (c) O.1s (d) 100s

Starting from the origin a body oscillates simple harmonically
with a period of 2 s. After what time will its kinetic energy be

75% of the total energy? [2006]
ls b 1s ls d 1s
@ 5 B 5 © 3 @ 3

Two springs, of force constants k, and k, are connected to
a mass m as shown. The frequency of oscillation of the
mass is . If both &, and k, are made four times their original

values, the frequency of oscillation becomes [2007]
k, o k,
W
ion \\ st
@ 2f (b f2 (o f/A d 4f

A particle of mass m executes simple harmonic motion with
amplitude a and frequency v. The average kinetic energy
during its motion from the position of equilibrium to the end

is 12007]
@ 2n%ma*v? ®) n’ma’V?

1
(©) Zma2\’2 (d) 4n’ ma®v?

The displacement of an object attached to a spring and
executing simple harmonic motion is given by x =2 x 1072
cos m¢ metre. The time at which the maximum speed first

occurs is [2007]
(@ 025s (b) 0.5s
(c) 0.75s (d) 0.125s

A point mass oscillates along the x-axis according to the
law x =x, cos(wz — /4) . If the acceleration of the particle
is written as a = 4 cos(ot + ) ,then [2007]

@ A=x0>, 6=3n/4 (b) A=x,,8=—n/4
© A=xp0>, 5=n/4 (d) A=x0",5=—n/4
If x, v and a denote the displacement, the velocity and the

acceleration of a particle executing simple harmonic motion
of time period 7, then, which of the following does not

change with time? [2009]
(@ aTllx (b) aT+2mv
() aTlv (d) a*T?+ 4n*v?
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Two particles are executing simple harmonic motion of the
same amplitude 4 and frequency ® along the x-axis. Their
mean position is separated by distance X,(X;, > 4). If the
maximum separation between them is (X, + 4), the phase
difference between their motion is: [2011]

@ 3 ® 5 ©F @7

A mass M, attached to a horizontal spring, executes S.H.M.

with amplitude 4,. When the mass M passes through its
mean position then a smaller mass m is placed over it and
both of them move together with amplitude 4,. The ratio of

[ 4)

LA_z is: [2011]
1
M+m M 2
o (5
1
© (Mm) @ 3

Ifa simple pendulum has significant amplitude (up to a factor
of 1/e of original) only in the period between t=0stoz= 1,
then t may be called the average life of the pendulum.
When the spherical bob of the pendulum suffers a
retardation (due to viscous drag) proportional to its velocity
with b as the constant of proportionality, the average life
time of the pendulum is (assuming damping is small) in
seconds : [2012]

0.6 2
@ — @ 5

The amplitude of a damped oscillator decreases to 0.9 times

its original magnitude in 5s. In another 10s it will decrease to
o times its original magnitude, where o equals

(@ 07 (b) 081 [JEE Main2013[
(c) 0729 d) 06
An ideal gas enclosed in a vertical cylindrical container
supports a freely moving piston of mass M. The piston and
the cylinder have equal cross sectional area A. When the
piston is in equilibrium, the volume of the gas is V) and its
pressure is P;. The piston is slightly displaced from the
equilibrium position and released. Assuming that the system
is completely isolated from its surrounding, the piston executes
asimple harmonic motion with frequency [JEE Main 2013

1
(b) b © 3

@ A% b L YoMP
2n V,M 2n A%y
© L [Am @ o [
21\ MV, 21 \| AyP,

30.

31.

32.

33.

A particle moves with simple harmonic motion in a straight
line. In first Ts, after starting from rest it travels a distance a,
and in next 1 sit travels 2a, in same direction, then:

[JEE Main 2014]
(a) amplitude of motion is 3a
(b) time period of oscillations is 8t
(c) amplitude of motion is4a
(d) time period of oscillations is 6t
A pendulum made of a uniform wire of cross sectional area
A has time period T. When an additional mass M is added to
its bob, the time period changes to Ty. If the Young's modulus

1
of the material of the wire is Y then Y isequal to

(g = gravitational acceleration) |JEE Main 2015|

27] 2]
(BT () e
T ) Mg Tv) |Mg

™7 | A T M
o (B g o |(B) e

@) (b)

For a simple pendulum, a graph is plotted between its kinetic
energy (KE) and potential energy (PE) against its displacement d.
Which one of the following represents these correctly?
(graphs are schematic and not drawn to scale)

[JEE Main 2015]
r KE PE
\\\\\ /////
@ ——== »d (0) KE
// \\
/ \‘PE

A particle performs simple harmonic mition with amplitude
A. Its speed is trebled at the instant that it is at a distance

from equilibrium position. The new amplitude of the

3

motion is : [JEE Main 2016]
7A

@ AV3 ® 75

© %Jﬂ @ 3A
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I Section-A

A Fill inthe Blanks

A travelling wave has the frequency v and the particle
displacement amplitude A. For the wave the particle velocity
amplitude is ---------- and the particle acceleration amplitude
IS =mmmmee- (1983 - 2 Marks)

Sound waves of frequency 660 Hz fall normally on a perfectly
reflecting wall. The shortest distance from the wall at which
the air particles have maximum amplitude of vibration s .....
metres. (1984- 2 Marks)
Two simple harmonic motions are represented by the
equations

¥ = 10sin (3nt + n/4) and ¥, = 5(sin 3nz + V3 cos3mz)

Their amplitudes are in the ratioof .......... (1986 - 2 Marks)

In a sonometer wire, the tension is maintained by suspending
a50.7 kg mass from the free end of the wire. The suspended

mass has a volume 0f0.0075 m> . The fundamental frequency
of vibration of the wire is 260 Hz. If the suspended mass is
completely submerged in water, the fundamental frequency
will become.............. Hz. (1987 - 2 Marks)

The amplitude of a wave disturbance propagating in the

positive x-direction is given by y = a )2 attimes=0and
+Xx

by y at t = 2 seconds, where x and y are

[1+(x-17]
in metres. The shape of the wave disturbance does not
change during the propagation. The velocity of the wave is
(1990 - 2 Marks)
A cylinder resonance tube open at both ends has
fundamental frequency F in air. Half of the length of the
tube is dipped vertically in water. The fundamental frequency
to the air columnnowis................... (1992 - 1 Mark)
A bus is moving towards a huge wall with a velocity of
5 ms~!. The driver sounds a horn of frequency 200 Hz. The
frequency of the beats heard by a passenger of the bus will
be..... Hz (Speed of sound in air = 342 ms™!)

(1994 - 2 Marks)

4.

B True/False

Waves

JEE Advanced/ IIT-JEE

A man stands on the ground at a fixed distance from a siren
which emits sound of fixed amplitude. The man hears the
sound to be louder on a clear night than on a clear day.
(1980)
A plane wave of sound travelling in air is incident upon a
plane water surface. The angle of incidence is 60°. Assuming
snell’s law to be valid for sound waves, it follows that the
sound wave will be refracted into water away from the normal.
(1984- 2 Marks)
A source of sound with frequency 256 Hz is moving with a
velocity V' towards a wall and an observer is stationary
between the source and the wall. When the observer is
between the source and the wall he will hear beats
(1985 - 3 Marks)

MCQs with One Correct Answer

A cylindrical tube open at both ends, has a fundamental
frequency ‘f in air. The tube is dipped vertically in air. The
tube is dipped vertically in water so that halfofit is in water.
The fundamental frequency of the air column in now

(1981- 2 Marks)
@ & - ©f @

A wave represented by the equation y = a cos (kx — wt) is

superposed with another wave to form a stationary wave
such that point x = 0 is a node. The equation for the other
wave is (1988 - 1 Mark)

(@) asin(kx + o1) (b) —acos(kx — of)
(¢) —acos(kx + i) (d) —asin(kx — o)
An object of specific gravity p is hung from a thin steel
wire. The fundamental frequency for transverse standing
waves in the wire is 300 Hz. The object is immersed in water

so that one half of its volume is submerged. The new
fundamental frequency in Hz is (1995S)

1/2 1/2
2p-1 2p
300 —— 300 —/—
@ ( 2p J ® (20—1J

2 2p-1
o w2 el

A wave disturbance in a medium is described by

S 3f

y(x,t)=0.02cos (SOnt + g) cos(10mx) where x and y are

in metre and t is in second (1995S)
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(@) Anodeoccursatx=0.15m

(b) Anantinode occursatx=0.3m

(c) The speed wave is 5 ms™!

(d) Thewavelengthis0.3m

The extension in a string, obeying Hooke’s law, is x. The

speed of sound in the stretched string is v. If the extension

in the string is increased to 1.5x, the speed of sound will be
(1996 - 2 Marks)

(@ 122v (b) 061v (c) 150v (d) 0.75v
An open pipe is suddenly closed at one end with the result
that the frequency of third harmonic of the closed pipe is
found to be higher by 100Hz than the fundamental frequency
of the open pipe. The fundamental frequency of the open
pipe is (1996 - 2 Marks)
(@ 200Hz (b) 300Hz (c) 240Hz  (d) 480Hz
A travelling wave in a stretched string is described by the
equation y= 4 sin (kx —®f) The maximum particle velocity is
(1997 - 1 Mark)
(@ Ao b)) o/k () do/dk (d) x/t
A train moves towards a stationary observer with speed 34
m/s. The train sounds a whistle and its frequency registered
by the observer is f;. If the train's speed is reduced to 17
m/s, the frequency registered is f,. If the speed of sound is
340 m/s, then the ratiof, /f, is (2000S8)
(@ 18/19 (b) 12 (c) 2 (d) 1918
Two vibrating strings of the same material but lengths L and
2L have radii 2r and r respectively. They are stretched under
the same tension. Both the strings vibrate in their
fundamental nodes, the one of length L with frequency v,
and the other with frequency v,. The raio v,/v, is given
by (2000S)
(@ 2 (b) 4 (c) 8 d) 1
Two monatomic ideal gases 1 and 2 of molecular masses m,
and m, respectively are enclosed in separate containers
kept at the same temperature. The ratio of the speed of sound
in gas 1 to that in gas 2 is given by (2000S8)

m m m, m
@ \/m:; ®) Jm:f © @

Two pulses in a stretched string whose centers are initially
8 cm apart are moving towards each other as shown in the
figure. The speed of each pulse is 2 cm/s. After 2 seconds,

the total energy of the pulses will be (2001S)
(a) zero

(b) purely kinetic

(c) purely potential M

(d) partlykinetic and partly potential 8 ¢m

The ends of a stretched wire of length L are fixed at x=0and
x = L. In one experiment, the displacement of the wire is
¥, = 4 sin (nx/L) sin ot and energy is E, and in another
experiment its displacement is y, = 4 sin (2mx/L) sin 20t and

energy is E,,. Then (2001S)
(@ E,=E, (b) E,=2E,
(© E,=4E, (d) E,=16E,

A siren placed at a railway platform is emitting sound of
frequency 5 kHz. A passenger sitting in a moving train 4

14.

15.

16.

17.

18.

19.

records a frequency of 5.5 kHz while the train approaches
the siren. During his return journey in a different train B he
records a frequency of 6.0 kHz while approaching the same
siren. The ratio of the velocity of train B to that train A4 is
(@) 242252 (b) 2 (2002S)
(c) 56 d) 1156

A sonometer wire resonates with a given tuning fork forming
standing waves with five antinodes between the two bridges
when a mass of 9 kg is suspended from the wire. When this
mass is replaced by a mass M, the wire resonates with the
same tuning fork forming three antinodes for the same
positions of the bridges. The value of M is (2002S5)
(@) 25kg (b) 5kg (¢) 125kg (d) 1/25kg
A police car moving at 22 m/s, chases a motorcyclist. The
police man sounds his horn at 176 Hz, while both of them
move towards a stationary siren of frequency 165 Hz.
Calculate the speed of the motorcycle, if it is given that he

does not observes any beats. (2003S)
Police Car Motorcycle
> 22 m/s i Stastfonary
\Y iren
176 Hz (165 Hz)
(@ 33m/s (b) 22m/s (c) zero (d) 1lm/s

In the experiment for the determination of the speed of sound
in air using the resonance column method, the length ofthe
air column that resonates in the fundamental mode, with a
tuning fork is 0.1 m. When this length is changed t0 0.35 m,
the same tuning fork resonates with the first overtone.
Calculate the end correction. (2003S)
(@ 0012m (b) 0025m (c) 0.05m (d) 0.024m
A pipe of length £,, closed at one end is kept in a chamber
of gas of density p,. A second pipe open at both ends is
placed in a second chamber of gas of density p,. The
compressibility of both the gases is equal. Calculate the
length of the second pipe if frequency of first overtone in
both the cases is equal (2004S)

4, Ip2 4, [P

@ 3[1%1 ®) 3£1\Ipz
© m,/—"z ) m‘/—"'
P1 P2

In a resonance tube with tuning fork of frequency 512 Hz,
first resonance occurs at water level equal to 30.3 ¢cm and
second resonance occurs at 63.7 cm. The maximum possible
error in the speed of sound is (2005S)
(a) 51.2cm/s (b) 102.4cm/s
(c) 204.8cm/s (d) 153.6cm/s
An open pipe is in resonance in 2nd harmonic with
frequency f;. Now one end of the tube is closed and
frequency is increased to f, such that the resonance again
occurs in nth harmonic. Choose the correct option
(2005S)

@ n=3h=3h @ n=35H=34

© n=5h=h @ n=55-3A
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Waves o P-89
20. A massless rod of length L is suspended by two identical (@ 5grams (b) 10 grams (2010)
strings AB and CD of equal length. A block of mass m is () 20grams (d) 40grams

21.

22.

23.

24.

suspended from point O such that BO is equal to “x’. Further
it is observed that the frequency of 1st harmonic in AB is
equal to 2nd harmonic frequency in CD. ‘x’ is

(2006 - 3M, —1)
= A = C
@ 3
4L
®)
3L B % 2 s D
© — = L
4
L
@ 7

In the experiment to determine the speed of sound using a

resonance column, (2007)

(@) prongs ofthe tuning fork are kept in a vertical plane

(b) prongs of the tuning fork are kept in a horizontal
plane

(c) in one of the two resonances observed, the length of
the resonating air column is close to the wavelength
of sound in air

(d) in one of the two resonances observed, the length of
the resonating air column is close to half of the
wavelength of sound in air

A transverse sinusoidal wave moves along a string in the

positive x-direction at a speed of 10 cm/s. The wavelength of

the wave is 0.5 m and its amplitude is 10 cm. Ata particular time

t, the snap—shot of the wave is shown in figure. The velocity of

point P when its displacement is 5 cm is— (2008)
(@) %] m/s ‘3:

(b) —%j m/s P

(©) %; m/s \/ >

(d) —%f m/s

A vibrating string of certain length ¢ under a tension T
resonates with a mode corresponding to the first overtone
(third harmonic) of an air column of length 75 cm inside a
tube closed at one end. The string also generates 4 beats
per second when excited along with a tuning fork of
frequency n. Now when the tension of the string is slightly
increased the number of beats reduces 2 per second.
Assuming the velocity of sound in air to be 340 m/s, the
frequency n of the tuning fork in Hz is (2008)
(@ 34 (b) 336 (c) 1173 (d) 1093

A hollow pipe of length 0.8 m is closed at one end. At its
open end a 0.5 m long uniform string is vibrating in its
second harmonic and it resonates with the fundamental
frequency of the pipe. If the tension in the wire is 50 N and
the speed of sound is 320 ms~!, the mass of the string is

25.

26.

A police car with a siren of frequency 8 kHz is moving with
uniform velocity 36 km/hr towards a tall building which reflects
the sound waves. The speed of sound in air is 320 m/s. The
frequency of the siren heard by the car driver is (2011)
(@) 850kHz (b) 825kHz

(c) 775kHz (d) 7.50kHZ

A student is performing the experiment of resonance column.
The diameter ofthe column tube is 4 cm. The frequency of
the tuning fork is 512 Hz. The air temperature is 38°C in
which the speed of sound is 336 m/s. The zero of the meter
scale coincides with the top end of the resonance column
tube. When the first resonance occurs, the reading of the
water level in the column is (2012)

@ 140cm (b) 152cm (c) 164em  (d) 17.6em

1) B8 MCQs with One cr More than One Correct

1.

A wave equation which gives the displacement along the

y-direction is given by y = 10 sin (60 + 2x) where xand y are

in metres and ¢ is time in seconds. This represents a wave

(1982 - 3 Marks)

(@) travelling with a velocity of 30 m/s in the negative x
direction

(b) ofwavelength tm

(c) offrequency 30/n hertz

(d) of amplitude 10~ m traveling along the negative
x-direction

A transverse wave is described by the equation

y=yysin2n ( ft— %) . The maximum particle velocity is

equal to four times the wave velocity if  (1984- 2 Marks)

-0 =0
@ 7»—7t4 (b) l—nz
(©) A=my (d A=2my,

An air column in a pipe, which is closed at one end, will be
in resonance with a vibrating tuning fork of frequency 264
Hz ifthe length of the column incm is : (1985 - 2 Marks)
(@ 3125 (b) 6250 (c) 9375 (d) 125
A tube, closed at one end and containing air, produces,
when excited, the fundamental note of frequency 512 Hz. If
the tube is open at both ends the fundamental frequency
that can be excited is (in Hz) (1986 - 2 Marks)
(@) 1024 (b) 512 (c) 2% (d) 128
The displacement of particles in a string stretched in the
x-direction is represented by y. Among the following
expressions for y, those describing wave motion are :
(1987 - 2 Marks)

(@) coskx sinot ®)  k%x% — 0%
(© cos?(kx+o1) (d) cos (kx%— %)
An organ pipe P, closed at one end vibrating in its first

harmonic and another pipe P, open at ends vibrating in its
third harmonic are in resonance with a given tuning fork.

The ratio of the length of A tothat of P, is
(1988 - 2 Marks)

@ 83 ®) 38 () 16 @ 173
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Velocity of sound in air is 320 m/s. A pipe closed at one end
has a length of 1 m. Neglecting end corrections, the air
column in the pipe can resonate for sound of frequency :

(1989 - 2 Marks)
(@) 80Hz (b) 240Hz (c¢) 320Hz  (d) 400Hz
A wave is represented by the equation

y=Asin(10nx+15n ¢+ %)

where x is in meters and 7 is in seconds. The expression

represents : (1990 - 2 Marks)

(@) a wave travelling in the positive x-direction with a
velocity 1.5 m/s.

(b) a wave traveling in the negative x-direction with a
velocity 1.5 m/s.

(c) awave travelling in the negative x-direction having a
wavelength 0.2 m.

(d) awave travelling in the positive x-direction having a
wavelength 0.2 m.

Two identical straight wires are stretched so as to produce

6 beats per second when vibrating simultaneously. On

changing the tension slightly in one of them, the beat

frequency remains unchanged. Denoting by 7;, T, the

higher and the lower initial tension in the strings, then it
could be said that while making the above changes in
tension, (1991 - 2 Marks)

(@) T, was decreased (b) T, was increased

(c) T, was decreased
The displacement y of a particle executing periodic motion

(d) T, was increased

- 1
is given by y= 4cos? (Et) sin(1000¢)

This expression may be considereed to be a result of the
superposition of (1992 - 2 Marks)
(@ two (b) three (c) four (d) five
A sound wave of frequency f travels horizontally to the
right. It is reflected from a large vertical plane surface moving
to left with a speed v. The speed of sound in medium is C
(1995S)
(@ The number of wave striking the surface per second is

f

(c+v)
c

h length of refl e G
(b) The wavelength of reflected wave is F(c+v)

(c) The frequency of the reflected wave is f e+v)

(c-v)
(d) The number of beats heard by a stationary listener to

v,
the left of the reflecting surface is chv

A string of length 0.4 m and mass 1072 kg is tightly clamped
at its ends. The tension in the string is 1.6 N. Identical wave
pulses are produced at one end at equal intervals of time,
At. The minimum value of A¢ which allows constructive
interference between successive pulses is(71998 - 2 Marks)
(@ 005s (b) 0.10s (c) 020s (d) 040s

13.

14.

15.

16.

17.

18.

19.

The (x, y) co-ordinates of the corners of a square plate are
(0,0), (L, 0), (L, L) and (0, L). The edges of the plate are
clamped and transverse standing waves are set up in it. If
u(x, y) denotes the displacement of the plate at the point
(x,y) at some instant of time, the possible expression(s) for
u is (are) (a = positive constant) (1998 - 2 Marks)
(@ acos(mx/2L)cos (my/2L)(b) asin (mx/L) sin (my/L)
(¢) asin(mx/L)sin 2ny/L) (d) acos (2nx/L)sin (ny/L)
A transverse sinusoidal wave of amplitude a, wavelength A
and frequency f is travelling on a stretched string. The
maximum speed of any point on the string is v/10, where v is
the speed of propagation of the wave. If @ = 10m and
v=10ms! then Aand fare givenby (1998 - 2 Marks)

(@ A=2mx10"%m ®) A=103m

(©) f=10°Hz/(2m) d f=10* Hz

¥(x, )= 0.8/[4x+5¢)*+5] represents a moving pulse, where x

and y are in meter and ¢ in second. Then

(1999 - 3 Marks)

(@) pulseis moving in + x direction

(b) in2 sitwill travel a distance of 2.5 m

(c¢) itsmaximum displacement is0.16 m

(d) itisasysmmetric pulse

In a wave motion y = a sin (kx - ®f), y can represent

(1999 - 3 Marks)

(@) electric field (b) magnetic field

(c) displacement (d) pressure

Standing waves can be produced (1999 - 3 Marks)

(@) on astring clamped at both the ends.

(b) on astring clamped at one end free at the other

(c) when incident wave gets reflected from a wall

(d) when two identical waves with a phase difference of &
are moving in the same direction

As a wave propagates, (1999 - 3 Marks)

(a) the wave intensity remains constant for a plane wave

(b) the wave intensity decreases as the inverse of the
distance from the source for a spherical wave

(c) the wave intensity decreases as the inverse square of
the distance from the source for a spherical wave

(d) total intensity of the spherical wave over the spherical
surface centred at the source remains constant at all
times.

A student performed the experiment to measure the speed

of sound in air using resonance air-column method. Two

resonances in the air-column were obtained by lowering the

water level. The resonance with the shorter air-column is

the first resonance and that with the longer air-column is

the second resonance. Then, (2009)

(@) the intensity of the sound heard at the first resonance
was more than that at the second resonance

(b) the prongs ofthe tuning fork were kept in a horizontal
plane above the resonance tube

(c) the amplitude of vibration of the ends of the prongs is
typically around 1 cm

(d) thelength of the air-column at the first resonance was
somewhat shorter than 1/4th of the wavelength of the
sound in air
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A person blows into open-end of a long pipe. As a result, a
high pressure pulse of air travels down the pipe.
When this pulse reaches the other end of the pipe,
(2012)
(@) a high-pressure pulse starts travelling up the pipe, if
the other end of the pipe is open.
(b) alow-pressure pulse starts travelling up the pipe, if the
other end of the pipe is open.
(c) alow-pressure pulse starts travelling up the pipe, ifthe
other end of the pipe is closed.
(d) a high-pressure pulse starts travelling up the pipe, if
the other end of the pipe is closed.
A horizontal stretched string, fixed at two ends, is vibrating
in its fifth harmonic according to the equation, y(x, £)=(0.01
m) sin [(62.8 m1)x] cos[(628 s7')7]. Assuming == 3.14, the
correct statement(s) is (are) (JEE Adv. 2013)
(@) The number of nodes is 5
(b) Thelength of the stringis 0.25 m
(¢) The maximum displacement of the midpoint of the string,
from its equilibrium position is 0.01 m
(d) The fundamental frequency is 100 Hz
Two vehicles, each moving with speed u on the same
horizontal straight road, are approaching each other. Wind
blows along the road with velocity w. One of these vehicles
blows a whistle of frequency f;. An observer in the other
vehicle hears the frequency of the whistle to be f,. The
speed of sound in still air is V. The correct statement(s) is
(are) (JEE Adv. 2013)
@) If the wind blows from the observer to the source,
>f
(b) I% the wind blows from the source to the observer,
£, >f
(©) If the wind blows from observer to the source,
f, <f
(d) I% the1 wind blows from the source to the observer,
f, <f
A student 1s performing an experiment using a resonance
column and a tuning fork of frequency 244 s!. He is told
that the air in the tube has been replaced by another gas
(assume that the column remains filled with the gas). Ifthe
minimum height at which resonance occurs is

(0.350£0.005) m, the gas in the tube is

(Useful information: \/167RT = 640J' 2 mole™ /2
J140RT = 5907 2mole~1/2 . The molar masses M in grams

L : flO
are given in the options. Take the values of I; for each
gas as given there.) (JEE Adv. 2014)

10

(a) Neon LM 20, 20 IOJ

10
(b) Nitrogen LM 28 \/78 S J

10_9)
32_16J

10
(d) Argon LM 36 \/76

() Oxygen (M =32,

17)

3)

24.

25.

One end of a taut string of length 3 m along the x-axis is fixed
atx=0. The speed of the waves in the string is 100 ms~!. The
other end of the string is vibrating in the y-direction so that
stationary waves are set up in the string. The possible
waveform (s) of these stationary waves is(are)

(JEE Adv. 2014)

@@ »(1)= Asm%cos%

1007t

b y(@)=4 sin%cos

© (@)= Asm%’txc S25;)1tt

(d) »(¢)=4Asin 5Tﬂ:xcos2507tt

Two loudspeakers M and N are located 20 m apart and emit
sound at frequencies 118 Hz and 121 Hz, respectively. A car
is initially at a point P, 1800 m away from the midpoint Q of
the line MN and moves towards Q constantly at 60 km/hr
along the perpendicular bisector of MN. It crosses Q and
eventually reaches a point R, 1800 m away from Q. Let v(t)
represent the beat frequency measured by a person sitting
in the car at time t. Let v, vy and vy, be the beat frequencies
measured at locations P, Q and R, respectively. The speed
of sound in air is 330 ms~!. Which of the following
statement(s) is(are) true regarding the sound heard by the
person? (JEE Adv. 2016)
@ vptvg=2v,
(b) Therate of change in beat frequency is maximum when
the car passes through Q
(c) The plot below represents schematically the variation
of beat frequency with time

v(t)

A

(d) The plot below represents schematically the variation
of beat frequency with time

v(t)
A P
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Subjective Problems

AB is a cylinder of length 1m fitted with a thin flexible
diaphragm C at the middle and other thin flexible diaphragms
A and B at the ends. The portions 4C and BC contain
hydrogen and oxygen gases respectively. The diaphragms
A and B are set into vibrations of same frequency. What is
the minimum frequency of these vibrations for which
diaphragm C'is a node? (Under the conditions of experiment

Vi, =1100m/s, Vo, =300 m/s). (1978)

(TN o)

=
z
zZ
z
z
z
z
z
z
z
z
zZ
zZ
zZ
z
z
z
z
z
z
zZ
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A copper wire is held at the two ends by rigid supports. At
30°C, the wire is just taut, with negligible tension. Find the
speed of transverse waves in this wire at 10°C.

Given : Young modulus of copper =1.3x10'! N/mZ.
Coefficient of linear expansion of copper =1.7x10~ °C~!
Density of copper =9 x10° kg/m>. (1979)

A tube of a certain diameter and of length 48 cm is open at
both ends. Its fundamental frequency of resonance is found
to be 320 Hz. The velocity of sound in air is 320 m/sec.
Estimate the diameter of the tube. (1980)

One end of the tube is now closed. Calculate the lowest
frequency of resonance for the tube.

A source of sound of frequency 256 Hz is moving rapidly
towards wall with a velocity of 5 m/sec. How many beats
per second will be heard if sound travels at a speed of
330 m/sec? (1981 - 4 Marks)

A string 25 cm long and having a mass of 2.5 gm is under
tension. A pipe closed at one end is 40 cm long. When the
string is set vibrating in its first overtone and the air in the
pipe in its fundamental frequency, 8 beats per second are
heard. It is observed that decreasing the tension in the string
decreases beat frequency. If the speed of sound in air is
320 m/s, find the tension in the string. (1982 - 7 Marks)

A uniform rope of length 12 m and mass 6 kg hangs vertically
from a rigid support. A block of mass 2 kg is attached to the
free end of the rope. A transverse pulse of wavelength 0.06
m is produced at the lower end of the rope. What is the
wavelength of'the pulse when it reaches the top of the rope?

(1984 - 6 Marks)
A steel wire of length 1 m, mass 0.1 kg and uniform
cross-sectional area 1076 m? is rigidly fixed at both ends.
The temperature of the wire is lowered by 20° C. If transverse
waves are set up by plucking the string in the middle,
calculate the frequency of the fundamental mode of
vibration.

Given for steel ¥ =2 x 10! N/m?

a=121x10"> per °C (1984 - 6 Marks)

8.

10.

11.

12.

The vibrations of a string of length 60 cm fixed at both ends
are represented by the equation—

X
y=4sin (E] cos (96 mt)

Where x and y are in cm and ¢ in seconds.

(1) What is the maximum displacement of a point at x=5
cm?

Where are the nodes located along the string?

What is the velocity of the particle at x = 7.5 cm at
t=0.25sec.?

Write down the equations of the component waves
whose superposition gives the above wave

Two tuning forks with natural frequencies of 340 Hz each
move relative to a stationary observer. One fork moves away
from the observer, while the other moves towards him at the
same speed. The observer hears beats of frequency 3 Hz.
Find the speed of the tuning fork. (1986 - 8 Marks)
The following equations represent transverse waves :

z1 = A cos (kx —ot), (1987 - 7 Marks)

(1985 - 6 Marks)

(in)
(iii)

(iv)

zp = A cos (kx+ot), z3=A cos (ky—ot)
Identify the combination (s) of the waves which will produce
(1) standing wave (s), (ii) a wave travelling in the directon
making an angle of 45° degrees with the positive x and
positive y axes. In each case, find the positions at which the
resultant intensity is always zero.
A train approaching a hill at a speed of 40 km/hr sounds a
whistle of frequency 580 Hz when it is at a distance of 1 km
from a hill. A wind with a speed of 40 km/hr is blowing in the
direction of motion of the train Find (1988 - 5 Marks)
(1) the Frequency of the whistle as heard by an observer
on the hill,
the distance from the hill at which the echo from the hill
is heard by the driver and its frequency.
(Velocity of sound in air =1,200 km/hr)
A source of sound is moving along a circular orbit of radius
3 metres with an angular velocity of 10 rad/s. A sound
detector located far away from the source is executing linear
simple harmonic motion along the line BD with an amplitude
BC = CD = 6 metres. The frequency of oscillation of the

(in)

5 . :
detector is - per second. The source is at the point 4 when

the detector is at the point B. If the source emits a continous
sound wave of frequency 340 Hz, find the maximum and the
minimum frequencies recorded by the detector.

(1990 - 7 Mark)

&
wd
e
Te
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The displacement of the medium in a sound wave is given
by the equation y; =4 cos (ax + bf) where 4, a and b are

positive constants. The wave is reflected by an obstacle

situated at x = 0. The intensity of the reflected wave is 0.64

times that of the incident wave. (1991 - 4 x 2 Marks)

(@) What are the wavelength and frequency of incident
wave?

(b) Write the equation for the reflected wave.

(¢) Intheresultant wave formed after reflection, find the
maximum and minimum values of the particle speeds in
the medium.

(d) Express the resultant wave as a superposition of a
standing wave and a travelling wave. What are the
positions of the antinodes of the standing wave ?
What is the direction of propagation of travelling wave?

Two radio stations broadcast their programmes at the same

amplitude 4 and at slightly different frequencies ®; and

©, respectively, where o -0, =103 Hz 4 detector
receives the signals from the two stations simultaneously.

It can only detect signals of intensity > 242 .
(1993 - 4 Marks)

(1) Find the time interval between successive maxima of

the intensity of the signal received by the detector.
(i) Find the time for which the detector remains idle in

each cycle of the intensity of the signal.
A whistle emitting a sound of frequency 440 Hz is tied to a
string of 1.5m length and rotated with an angular velocity of
20 rad s7! in the horizontal plane. Calculate the range of
frequencies heard by an observer stationed at a large
distance from the whistle. (1996 - 3 Marks)
A band playing music at a frequency fis moving towards a
wall ata speed v,. Amotorist is following the band with a
speed v, . If v is the speed of sound, obtain an expression
for the beat frequency heard by the motorist.

(1997 - 5 Marks)

The air column in a pipe closed at one end is made to vibrate in
its second overtone by a tuning fork of frequency 440 Hz. The
speed of sound in air is 330 m s~!. End corrections may be
neglected. Let P, denote the mean pressure at any point in the
pipe, and AP, the maximum amplitude of pressure variation.
(@) Findthe length L ofthe air column. (7998 - 8 Marks)
(b) What is the amplitude of pressure variation at the middle

of the column?
(c) Whatare the maximum and minimum pressures at the

open end of the pipe?
(d) What are the maximum and minimum pressures at the

closed end of the pipe?
A long wire PQR is made by joining two wires PQ and QR of
equal radii PQ has length 4.8 m and mass 0.06 kg. OR has
length 2.56 m and mass 0.2 kg. The wire PQR is under a
tension of 80 N. A sinusoidal wave-pulse of amplitude 3.5
cm is sent along the wire PQ from the end P. No power is
dissipated during the propagation of the wave-pulse.
Calculate. (1999 - 10 Marks)

19.

20.

21.

22,

23.

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

(b) the amplitude of the reflected and transmitted
wave-pulses after the incident wave-pulse crosses the
joint Q.

A 3.6 m long vertical pipe resonates with a source of

frequency 212.5 Hz when water level is at certain height in

the pipe. Find the height of water level (from the bottom of
the pipe) at which resonance occurs. Neglect end correction.

Now, the pipe is filled to a height H( ~ 3.6 m). A small hole is

drilled very close to its bottom and water is allowed to leak.

Obtain an expression for the rate of fall of water level in the

pipe as a function of H. Ifthe radii of the pipe and the hole

are2 x 102 mand 1 x 10~ m respectively, calculate the time
interval between the occurance of first two resonances.

Speed of sound in air is 340 m/s and g = 10 m/s2.

(2000 - 10 Marks)

A boat is traveling in a river with a speed 10 m/s along the

stream flowing with a speed 2 m/s. 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.

(@) What will be the frequency detected by areceiver kept
inside the river downstream?

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

(Temperature of the air and water = 20°C; Density of river

water = 103 kg/m?;

Bulk modulus of the water = 2.088 x 10° Pa; Gas constant

R=28.31J/mol-K;

Mean molecular mass of air = 28.8 x 10~ kg/mol; C,/C,, for

air=14) (2001 - 10 Marks)

Two narrow cylindrical pipes 4 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 Mp. Both gases are at the same temperature.
(2002 - 5 Marks )

(@) If the frequency of the second harmonic of the
fundamental mode in pipe 4 is equal to the frequency
of the third harmonic of the fundamental mode in pipe
B, determine the value of M /M,

(b) Now the open end of pipe B is also closed (so that the
pipe is closed at both ends). Find the ratio of the
fundamental frequency in pipe 4 to that in pipe B.

A tuning fork of frequency 480 Hz resonates with a tube

closed at one end of length 16 cm and diameter 5 ¢cm in

fundamental mode. Calculate velocity of sound in air.
(2003 - 2 Marks)

A string tied between x = 0 and x = { vibrates in fundamental

mode. The amplitude 4, tension 7 and mass per unit length

w is given. Find the total energy of the string.

(2003 - 4 Marks)

x=0 Xx={
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A whistling train approaches a junction. An observer
standing at junction observes the frequency to be 2.2 KHz
and 1.8 KHz of the approaching and the receding train
respectively. Find the speed of the train (speed of sound =
300 m/s) (2005 - 2 Marks)

25.

A transverse harmonic disturbance is produced in a string.
The maximum transverse velocity is 3 m/s and maximum
transverse acceleration is 90 m/s?. If the wave velocity is 20
m/s then find the waveform. (2005 - 4 Marks)

Match the Following

DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, ¥ and s. Any given statement in Column-1 can have correct matching with ONE OR
MORE statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

P qQr s t

00OO0
®0O0®®
Q0OG®
Ol0G] : 10,

Oaw>»

1.

Each of the properties of sound listed in the column A primarily depends on one of the quantities in column B. Write down the

matching pairs from the two columns.
ColumnA
A. pitch
B quality
C. loudness

(1980)
Column B
p. Waveform
q. frequency
r intensity

Column I shows four systems, each of the same length L, for producing standing waves. The lowest possible natural frequency
of a system is called its fundamental frequency, whose wavelength is denoted as A, Match each system with statements given

in Column II describing the nature and wavelength of the standing waves.

Columnl

(A) Pipe closed at one end

L
(B) Pipe open at both ends
o L
(C) Stretched wire clamped at both ends OI LI

(D) Stretched wire clamped at both ends

and at mid-point I 4 I

(o] L/2 L

G Comprehension Based Questions

PASSAGE-1

Waves y,= Acos(0.5nx —1007¢) andy, = Acos(0.46mx —92nt)

are travelling along x-axis. (Here x is in m and ¢ is in second)

1.

Find the number of times intensity is maximum in time interval

of 1 sec. (2006 - 5M, -2)
(@ 4 (b) 6 (c) 8 (d) 10

The wave velocity of louder sound is (2006 — 5M, -2)
(@) 100m/s (b) 192m/s

(c) 200m/s (d) 96m/s

The number oftimes y, +y,=0atx=01n 1 secis
(@ 100 (b) 46 (2006 -5M,-2)
(c) 192 d %

(2011)
Column 11

(p) Longitudinal waves

(qQ) Transverse waves
(r) A=L

() A=2L

() A.=4L

PASSAGE -2

Two trains 4 and B moving with speeds 20 m/s and 30 m/s
respectively in the same direction on the same straight track, with
B ahead of 4. The engines are at the front ends. The engine of
train 4 blows a long whistle.

Assume that the sound of the whistle is composed of components
varying in frequency from f; = 800 Hz to £, = 1120 Hz, as shown in
the figure. The spread in the frequency (highest frequency —
lowest frequency) is thus 320 Hz. The speed of sound in still air is
340 m/s.

4.

The speed of sound of the whistle is
@

(b
©
Y

(2007)
340 m/s for passengers in 4 and 310 m/s for passengers
;’an6gm/s for passengers in 4 and 310 m/s for passengers
;’anlgm/s for passengers in 4 and 360 m/s for passengers
g:lg m/s for passengers in both the trains
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The distribution of the sound intensity of the whistle as
observed by the passengers in train A4 is best represented

by (2007)
@ E| | i
fi 2 Frequency
® 2| | | | |
f.l t;2 Freciuency
© B | |
fIl f:2 Frequency
oz | L
f.l t;2 Fre&uency

The spread of frequency as observed by the passengers in

train B is (2007)

@ 310Hz (b) 330Hz

(c) 350Hz (d) 290Hz

Section-B ]33 [\ WA-1]353

Length of a string tied to two rigid supports is 40 cm.
Maximum length (wavelength in cm) of a stationary wave
produced on it is [2002]
@ 20 (b) & (c) 40 (d) 120.
Tube 4 has both ends open while tube B has one end closed,
otherwise they are identical. The ratio of fundamental
frequency of tube 4 and B is 2002
(@ 1:2 b)) 1:4 () 2:1 d) 4:1.

A tuning fork arrangement (pair) produces 4 beats/sec with
one fork of frequency 288 cps. A little wax is placed on the
unknown fork and it then produces 2 beats/sec. The
frequency of the unknown fork is 2002
(@ 286cps (b) 292cps (c) 29 cps (d) 288 cps.
A wave y = a sin(wt—kx) on a string meets with another
wave producing a node at x = 0. Then the equation of the
unknown wave is [2002]
(@ y=asin(®t+kix) (b) y=-asin(m®?+ kx)

(¢) y=asin(wt-kx) (d) y=-asin(®?-kx)

When temperature increases, the frequency of a tuning fork
(a) increases (b) decreases [2002]
(c) remainssame

(d) increases or decreases depending on the material
The displacement y of a wave travelling in the x -direction is
given by

y= 1074 sin(600t —-2x+ gj metres

i | Integer Value Correct Type

A 20 cm long string, having a mass of 1.0 g, is fixed at both
the ends. The tension in the string is 0.5 N. The string is set
into vibrations using an external vibrator of frequency 100
Hz. Find the separation (in cm) between the successive
nodes on the string. (2009)
A stationary source is emitting sound at a fixed frequency
Jo» which is reflected by two cars approaching the source.
The difference between the frequencies of sound reflected
from the cars is 1.2% of f;,. What is the difference in the
speeds of the cars (in km per hour) to the nearest integer ?
The cars are moving at constant speeds much smaller than
the speed of sound which is 330 ms™!. (2010)
When two progressive waves y, = 4 sin (2x — 67) and

y,=3sin (2 X —6f— E) are superimposed, the amplitude of
2

the resultant wave is (2010)
Four harmonic waves of equal frequencies and equal

intensities /; have phase angles 0, 33 and ©. When they
are superposed, the intensity of the resulting wave is nl;,.
The value of n is (JEE Adv. 2015)

T 2n
3

where x is expressed in metres and t in seconds. The speed
ofthe wave - motion, in ms™! , is 12003
(@ 300 (b) 600 (c) 1200 (d) 200

A metal wire of linear mass density of 9.8 g/m is stretched
with a tension of 10 kg-wt between two rigid supports 1

metre apart. The wire passes at its middle point between the
poles of a permanent magnet, and it vibrates in resonance
when carrying an alternating current of frequency n. The
frequency n of the alternating source is [2003]

(@) 50Hz (b) 100Hz (c) 200Hz (d) 25Hz

A tuning fork of known frequency 256 Hz makes 5 beats per
second with the vibrating string of a piano. The beat
frequency decreases to 2 beats per second when the tension
in the piano string is slightly increased. The frequency of
the piano string before increasing the tension was
(a) 256+2Hz (b) 256-2Hz

(c) 256-5Hz (d) 256+5Hz

The displacement y of a particle in a medium can be
expressed as,

[2003]

y= 10 sin (IOOt +20x + %) m where t is in second and x

in meter. The speed of the wave is 12004
(@ 20m/s (b) Sm/s
(c) 2000m/s (d) Smm/s
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When two tuning forks (fork 1 and fork 2) are sounded
simultaneously, 4 beats per second are heard. Now, some
tape is attached on the prong of the fork 2. When the
tuning forks are sounded again, 6 beats per second are
heard. Ifthe frequency of fork 1 is 200 Hz, then what was
the original frequency of fork 2? [2005]
(@ 202Hz  (b) 200Hz (c¢) 204Hz  (d) 196Hz
An observer moves towards a stationary source of
sound, with a velocity one-fifth of the velocity of sound.
What is the percentage increase in the apparent
frequency ? [2005]
(@ 05% (b) zero (c¢) 20% d) 5%

A whistle producing sound waves of frequencies 9500 HZ
and above is approaching a stationary person with speed v
ms~!. The velocity of sound in air is 300 ms™!. Ifthe person
can hear frequencies upto a maximum of 10,000 HZ, the
maximum value of v upto which he can hear whistle is

£ ms™!

7

© 15ms™ (d) 30 ms™

A string is stretched between fixed points separated by 75.0
cm. It is observed to have resonant frequencies of 420 Hz
and 315 Hz. There are no other resonant frequencies between
these two. Then, the lowest resonant frequency for this
string is 12006]
(@ 105Hz (b) 105Hz (c) 1050Hz (d) 10.5Hz
A sound absorber attenuates the sound level by 20 dB. The
intensity decreases by a factor of [2007]
(@ 100 (b) 1000 (c) 10000 (d) 10
While measuring the speed of sound by performing a
resonance column experiment, a student gets the first
resonance condition at a column length of 18 cm during
winter. Repeating the same experiment during summer, she
measures the column length to be x ¢m for the second
resonance. Then 12008]
(a) 18>x (b) x>54

(c) 54>x>36 (d) 36>x>18

A wave travelling along the x-axis is described by the
equation y(x, t) =0.005 cos (o x — Bt). Ifthe wavelength and
the time period of the wave are 0.08 m and 2.0s, respectively,
then o and B in appropriate units are [2008]

0.08 2.0
(@ o=25007,p=n (b) OL=T,I3=7

@ 15y2 ms™! (b [2006]

0.04 1.0 T
- = =12.50m,8 = ——
© o n P T d a P 2.0

Three sound waves of equal amplitudes have frequencies
(v-1), v, (v + 1). They superpose to give beats. The number
of beats produced per second will be : [2009]
(@ 3 (b) 2 © 1 d) 4

A motor cycle starts from rest and accelerates along a straight
path at 2m/s2. At the starting point of the motor cycle there
is a stationary electric siren. How far has the motor cycle
gone when the driver hears the frequency of the siren at
94% of its value when the motor cycle was at rest? (Speed
of sound =330 ms™!) [2009]
(@ 98m (b) 147m (c) 196m (d) 499m

19.

20.

21.

22,

23.

24.

25.

26.

The equation of a wave on a string of linear mass density
0.04 kg m~! is given by

. x ]
0.04(s)  0.50(m)) |’

The tension in the string is 120101
(a) 40N (b) 125N (¢) 05N (d) 625N
The transverse displacement y (x, f) of a wave on a string is

—(ax2 +bi%+ 2@)&)

y=0.02(m) sin {272(

given by y(x.f)=e . This represents a:

[2011]
(a) wave moving in — x direction with speed \/g

(b) standing wave of frequency /p

1
(c) standing wave of frequency N

(d) wave moving in + x direction speed \/%

A cylindrical tube, open at both ends, has a fundamental
frequency, £, in air. The tube is dipped vertically in water so
that half of it is in water. The fundamental frequency of the
air-column is now [2012]
@ f (b) M2 (© 34 @ ¥
A sonometer wire of length 1.5 m is made of steel. The tension
in it produces an elastic strain of 1%. What is the fundamental
frequency of steel if density and elasticity of steel are
7.7 x 103 kg/m3 and 2.2 x 1011 N/m? respectively ?
[JEE-Main2013|
(a) 1885Hz (b) 1782Hz
(c) 200.5Hz (d) 770Hz
A pipe of length 85 cm is closed from one end. Find the number
of possible natural oscillations of air column in the pipe whose
frequencies lie below 1250 Hz. The velocity of sound in air is
340 m/s. [JEE Main 2014]
@ 12 (b) 8 () 6 d 4
A train is moving on a straight track with speed 20 ms~!. It is
blowing its whistle at the frequency of 1000 Hz. The
percentage change in the frequency heard by a person
standing near the track as the train passes him is (speed of
sound = 320 ms™!) close to : [JEE Main 2015]
(@ 18% (b) 4% (c) 6% d) 12%
A uniform string of length 20 m is suspended from a rigid
support. A short wave pulse is introduced at its lowest end.
It starts moving up the string. The time taken to reach the

supports is : |JEE Main 2016]
(take g= 10 ms?)
(@ 22s b V2s (© 2n2s (@) 2s

A pipe open at both ends has a fundamental frequency fin
air. The pipe is dipped vertically in water so that halfofitis
in water. The fundamental frequency of the air column is

now : |[JEE Main 2016|
(@ 2f (b) f

f o X
© 3 @ 3

Downloaded From : www.EasyEngineering.net

GP_3020


http://Easyengineering.net
http://Easyengineering.net

CHAPTER

I Section-A

A

Downloaded From : www.EasyEngineering.net

Electrostatics

Fill in the Blanks

Five identical capacitor plates,
each of area A, are arranged
such that adjacent plates are
ata distance d apart, the plates
are connected to a source of
emf V as shown in the figure
(1984- 2 Marks)
The chargeon plate 1 is ..... and on plate 4 is .....
Figure shows line of constant
potential in a region in which an
electric field is present. The values
of the potential are written in
brackets. Ofthe points 4, Band C,

the magnitude of the electric field is &
. X Q
greatest at the point ... oS Qé“
(1984- 2 Marks) W

Two small balls having equal positive charges O (coulomb)
on each are suspended by two insulating strings of equal
length L (metre) from a hook fixed to a stand. The whole set
up is taken in a satellite into space where there is no gravity
(state of weightlessness). The angle between the two strings
is 48w and the tension in each stringis ........ newtons.
(1986 - 2 Marks)
Two parallel plate capacitors of capacitances C and 2C are
connected in parallel and charged to a potential difference
V. The battery is then disconnected and the region between
the plates of the capacitor C is completely filled with a
material of dielectric constant K. The potential differences
across the capacitors now becomes.............. (1988 - 2 Marks)
A point charge ¢ moves from point
P to point S along the path PORS
(fig.) in a uniform electric field £
pointing parallel to the positive
direction of the X-axis. The
cooridnates of the points P, O, Rand
Sare(a, b,0),(2a, 0,0)(a,-b,0)
and (O, O,0) respectively. The work
done by the field in the above
process is given by the expression

>

P\
T -SG.sX
~F 2

f

(1989 - 2 Marks)

6.

l—n

JEE Advanced/ IIT-JEE

The electric potential V at any point x, y, z (all in metres) in
space is given by V= 4x? volts. The electric field at the point
(Im,0,2m)is .................... V/m. (1992 - 1 Mark)
Five point charges, each of value + ¢
coul, are placed on five vertices of a
regular hexagon of side L metres. The
magnitude of the force on the point
charge of value — g coul. placed at the
centre of the hexagenis.................
newton. (1992 - 1 Mark)

B True/False

The work done in carrying a point charge from one point to
another in an electrostatic field depends on the path along
which the point charge is carried. (1981- 2 Marks)

Two identical metallic spheres of exactly equal masses are
taken. One is given a positive charge O coulombs and the
other an equal negative charge. Their masses after charging
are different. (1983 - 2 Marks)
A small metal ball is suspended in a uniform electric field
with the help of an insulated thread. If high energy X-ray
beam falls on the ball, the ball will be deflected in the direction
of'the field. (1983 - 2 Marks)

Two protons 4 and B are placed in
between the two plates of a parallel
plate capacitor charged to a
potential difference } as shown in
the figure. The forces on the two
protons are identical.

(1986 - 3 Marks)

e
I T e |

++++ + + + + + +
>0

—— yv—>

A ring of radius R carries a uniformly distributed charge + Q.
A point charge — g is placed on the axis of the ring at a
distance 2R from the centre of the ring and released from
rest. The particle executes a simple harmonic motion along
the axis of the ring. (1988 - 2 Marks)
An electric line of forces in the x — y plane is given by the
equation x> + y? = 1. A particle with unit positive charge,
initially at rest at the pointx= 1, y=0 in the x — y plane, will
move along the circular line of force. (1988 - 2 Marks)
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MCQs with One Correct Answer

A hollow metal sphere of radius 5 cms is charged such that

the potential on its surface is 10 volts. The potential at the

centre of the sphere is (1983 - 1 Mark)

(a) zero

(b) 10 volts

(c) same as at a point 5 cms away from the surface

(d) same as ata point 25 cms away from the surface

Two point charges +¢q and —q are held fixed at (-d, o) and

(d, o)respectively of a x-y coordinate system. Then (1995S)

(@) The electric field E at all points on the x-axis has the
same direction

(b) Electric field at all points on y-axis is along x-axis

(c) Work has to be done in bringing a test charge from oo

(d)

to the origin
The dipole moment is 2gd along the x-axis
A parallel plate capacitor of capacitance C is connected to a
battery and is charged to a potential difference V. Another
capacitor of capacitance 2C is similarly charged to a potential
difference 2V. The charging battery is now disconnected
and the capacitors are connected in parallel to each other in
such a way that the positive terminal of one is connected to
the negative terminal of the other. The final energy of the
configuration is (1995S)

3 25 9
(b) —CV2 © = ECVZ
Two identical metal plates are given positive charges O,
and Q, (<Q,) respectively. If they are now brought close
together to form a parallel plate capacitor with capacitance
C, the potential difference between them is
(1999 - 2 Marks)
@ (QtQ)N20) (b (©+Q)/C
© (©0-0)/C @ (-G /20)
For the circuit shown in Figure, Wthh of the following
statements is true? (1999 - 2 Marks)
V=30V V,=20V
S, — S; _ S,

(@) zero cv? (d)

||||—

]| l1
[ I
C,=2pF C,=3pF

(@ WithS closed V=15V, V,=20V

(b) With S closed, V=V,=25V

(¢) With S, and S, closed, V1 =V, =0

(d) With S and S, closed, V} =30V, V, =20V

Three charges Q, +¢q and +q are placed at the vertices of a

right-angled isosceles triangle as shown. The net
electrostatic energy of the configuration is zero if Q is equal

to (2000S)
-q

@ 142
-2q

(b) 2+ 2 . )

© -2 —"

(d) +gq

10.

11.

A parallel plate capacitor of area 4, plate separation d and
capacitance C is filled with three different dielectric materials
having dielectric constants &, k, and k; as shown. If a
single dielectric material is to be used to have the same
capacitance C in this capacitor, then its dielectric constant

k is given by (20005 )
A2 A2
o777 )
g =
d (A s
! K
% L1
A
1 1 1 1 1 1 1
@ —=—+—+— b)) ==——-+—
K Kl K2 2K3 K K1+K2 2K3
© K:ﬂuk3 (d) K=K, +K,+2K,
1+ Ky

Three positive charges of equal value q are placed at the
vertices of an equilateral triangle. The resulting lines of force
should be sketched as in (2001S)

Vﬁ
©\
@ (@( )

Consider the 31tuat10n shown in the figure. The capacitor A
has a charge g on it whereas B is uncharged. The charge
appearing on the capacitor B a long time after the switch is
closed is (2001S8)

©

(a) zero b) g2

(©) ¢ (d) 24

A uniform electric field pointing in positive x-direction exists

in aregion. Let A be the origin, B be the point on the x-axis

at x=+1 cm and C be the point on the y-axis aty=+1 cm.

Then the potentials at the points A, B and C satisfy:
(2001S)

@ V<V b)) V>V,

© V,<V, d V,>V.

Two equal point charges are fixed at x =—agand x =+ a on

the x-axis. Another point charge Q is placed at the origin.

The change in the electrical potential energy of O, when it is

displaced by a small distance x along the x-axis, is

approximately proportional to (2002S)
(@ x (b) x*
() x3 d 1~
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12. Two identical capacitors, have the same capacitance C. One  17. A long, hollow conducting cylinder is kept coaxially inside
of them is charged to potenjcial V, and the other V,. The another long, hollow conducting cylinder of larger radius.
negative ends of the capacitors are connected together. Both the cylinders are initially electrically neutral. (2007)
When th; pl)1051tlve§pdzare also connected, the decr;zzzgl (a) A potential difference appears between the two
energil of the combined system 1s . ( ) cylinders when a charge density is given to the inner

a) —C y2 _p2 by —-C y2 L p2 cylinder.

@) 4 ( b ) ®) 4 ( : 2 ) (b) A potential difference appears between the two
1 2 1 2 cylinders when a charge density is given to the outer

© ZC(VI —h ) O ZC(VI 7 ) cylinder.

13.  Ametallic shell has a point charge ‘g’ kept inside its cavity. (c) No potential difference appears between the two
Which one of the following diagrams correctly represents cylinders when a uniform line charge is kept along the
the electric lines of forces? (2003S) axis of the cylinders

(d) No potential difference appears between the two
cylinders when same charge density is given to both
®) the cylinders.
@ 18. Consider a neutral conducting sphere. A positive point
charge is placed outside the sphere. The net charge on the
sphere is then (2007)
(a) negative and distributed uniformly over the surface of
the sphere
© ) (b) negative and appears only at the point on the sphere
closest to the point charge
(¢) negative and distributed non-uniformly over the entire

14.  Six charges of equal magnitude, 3 positive and 3 negative surface of the sphere
are to be placed on PORSTU corners of a regular hexagon, (d) zero
such that field at the centre is double that of what it would ~ 19. A spherical portion has been removed from a solid sphere
have been if only one +ve charge is placed at R. Which of having a charge distributed uniformly in its volume as shown
the following arrangement of charge is possible for P, Q, R, in the figure. The electric field inside the emptied space is
S, T and U respectively. (2004S) (2007)

B Q (a) zeroeverywhere
U o R (b) non-zero and uniform
7 S (¢) non-uniform
@ +,++——— (b) —+,++—— (d) zero only at its center
(©) —+,+,—+-— d) +,-,+—+— 20. Positive and negative point charges of equal magnitude are

15. A Gaussian surface in the figure is shown by dotted line. a 4

The electric field on the surface will be (2004S) kept at (0,0, 5) and (0,0, Taj respectively. The work
due t d 1 . . .

(ab) due to gl anl % ony SN, done by the electric field when another positive point charge

(b) due to g, only i TR ) ismoved from (-a, 0, 0)to (0, a, 0) is (2007)

(c) zero Yo q (a) positive

(d) duetoall T (b) negative

16. Three infinitely long charge sheets are placed as shown in (c) zero ) o

figure. The electric field at point P is (2005S) (d) depends on the path connecting the initial and final
positions
+Z 21. Consider a system of three charges g/3, q/3 and —24/3 placed
p ! at points 4, B and C, respectively, as shown in the figure.
; Z =3a Take O to be the centre of the circle of radius R and angle
' CAB=60° (2008)
A y
20 E Z=a
‘ C/ B
---------- J--___--______-*X
-O _ / X
Z =-a 60° y
26 » 40 » 20 » 40 » A
—k —k -——k -——k
@ £ (b £ (© % ) £
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q
87[80R

(@) Theelectric field at point O is directed along
the negative x-axis
(b) The potential energy of the system is zero
(¢) The magnitude of the force between the charges at C
2

and Bis —L
54meyR
(d) The potential at point O is q
12mey R

A parallel plate capacitor C with plates of unit area and
separation d is filled with a liquid of dielectric constant

K=2. The level of liquid is d/3 initially. Suppose the liquid
level decreases at a constant speed v, the time constant asa

function of time t is — (2008)
R
(a) 680
5d +3vt
(15d +9vt) xR
(b) 2 02 2 5 -
2d” = 3dvt —9v°t d$ ............... a3 R
6gyR = [
© 3w
(15d —9vt) )R I
(d) : I

2d* - 3dvt - 9v*¢?
Three concentric metallic spherical shells of radii R, 2R, 3R,
are given charges Q,, 0,, (s, respectively. It is found that
the surface charge densities on the outer surfaces of the
shells are equal. Then, the ratio of the charges given to the

shells, O, : 0, : 03, 1s (2009)
(@ 1:2:3 (b) 1:3:5
() 1:4:9 (d 1:8:18

A disc of radius a / 4 having a uniformly distributed charge
6C is placed in the x - y plane with its centre at (—a /2, 0, 0).
A rod of length a carrying a uniformly distributed charge 8C
is placed on the x - axis from x =a /4 tox=>5a/4. Two point
charges — 7 C and 3 C are placed at (a/ 4, — a /4, 0) and
(-3a/4,3a/4,0),respectively. Consider a cubical surface

formed by six surfacesx= +a/2,y= ta/2,z= +a/2.The

electric flux through this cubical surface is (2009)
° y
)
NI &
-2C £ 10C 12C
@ — (O (© . (d —

A umformly charged thm spherical sh(f):ll of radius R carries
uniform surface charge density of & per unit area. It is made
of two hemispherical shells, held together by pressing them
with force F (see figure). F'is proportional to (2010)

F F

—_— e

26.

27.

28.

29.

30.

RIS I
g R C g R?
A tiny spherical oil drop carrying a net charge q is balanced
in still air with a vertical uniform electric field of strength

81z
7 «10° V™. When the field is switched off, the drop

is observed to fall with terminal velocity 2 x 10> ms™!. Given
g=9.8ms2, viscosity of the air =1.8x10™> Ns m~ and
the density of 0il =900 kg m >, the magnitudeofqis (2010)
@ 16x107"°C () 32x107°C
(© 48x107"°C (d 8.0x107"C

Consider an electric field £ = Egx where E,is a constant.

1 1
@ Ko R©

The flux through the shaded area (as shown in the figure)
due to this field is z (2011)

(@ 2Eja, (@0.0)
(b) V2E,a®
(c) E,a*

(a,a,a)

anz

N
el
@ 5 L 000)  (0a0)

A 2 uF capacitor is charged as shown in the figure. The
percentage of its stored energy dissipated after the switch

S is turned to position 2 is 1 2 (2011)
@ 0% S

(b) 20% Ve L

() 75% 2u FT 8 mg

(d) 80%

Which of the field patterns given below is valid for electric
field as well as for magnetic field? (2011)

T/’ b) —> o <—

N N

© -

A wooden block performs SHM on a frictionless surface
with frequency, v,. The block carries a charge +Q on its

surface. Ifnow a uniform electric field E is switched-on as
shown, then the SHM of the block will be (2011)

—

EIW\/\_E
+Q

(a) ofthe same frequency and with shifted mean position.
(b) ofthe same frequency and with the same mean position
(c) ofchanged frequency and with shifted mean position.
(d) ofchanged frequency and with the same mean position.
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31. Two large vertical and parallel metal plates having a
separation of 1 cm are connected to a DC voltage source of
potential difference X. A proton is released at rest midway
between the two plates. It is found to move at 45° to the
vertical JUST after release. Then X isnearly
(@ 1x10°V b)) 1x107V
() 1x10°V (d) 1x10710 p

32. Consider a thin spherical shell of radius R with centre at the
origin, carrying uniform positive surface charge
density. The variation of the magnitude of the electric field 2R

(2012) 40

|E(f)| and the electric potential V() with the distance » from
the centre, is best represented by which graph? (2012)

| )| o)

Sphere 3
(b) E;>E|>E,
(d) E;>E,>E,

@ E,>E,>E,
) E,>E, >E,

I )l MCQs with One or More than One Correct
(@
o [\

1.

Two equal negative charges —q are fixed at points (0, — a)
and (0, @) on y— axis. A positive charge Q is released from

|E®) | V() rest at the point (2a, 0) on the x - axis. The charge Q will
"""" %' (1984- 2 Marks)
) ‘N- - (a) execute simple harmonic motion about the origin
| (b) moveto the origin remain at rest
o R r () move to infinity
| Ew ) (d) execute oscillatory but not simple harmonic motion
'\ ’ 2. Aparallel plate air capacitor is connected to a battery. The
i R quantities charge, voltage, electric field and energy
(c) Bt associated with this capacitor are given by O, V,,, £, and
n | X U, respectively. A dielectric slab is now introduced to fill
K the space between the plates with battery still in connection.
| ) V) The corresponding quantities now given by Q, V, Eand U
"""" o are related to the previous one as (1985 - 2 Marks)
@ | N @ 2>0 ® ¥>%
o R ¥ (c) E>E, d U>U,

33. Inthe given circuit, a charge of +80 uC'is giventotheupper 3, A charge g is placed at the centre of the line joining two
plate of the 4 juF capacitor. Then in the steady state, the charge equal charges Q. The system of the three charges will be in
on the upper plate of the 3 WF capacitor is (2012) equilibrium if q is equal to : (1987 - 2 Marks)
(@) +32uC — @ -2 -2 ©+£2 @

T 4uF 2 4 4 2
(b) +40uC _I____\_ 4.  Aparallel plate capacitor is charged and the charging battery
2pF ‘l'__‘l' SuF isthen disconnected. Ifthe plates of the capacitor are moved
() +48pC farther apart by means of insulating handles :
= (1987 - 2 Marks)
(d) +80uC = (a) the charge on the capacitor increases.
34. Charges Q, 2Q and 4Q are uniformly distributed in three (b) the voltage across the plates increases.
dielectric solid spheres 1, 2 and 3 of radii R/2, R and 2R (c) the capacitance increases.
respectively, as shown in figure. [f magnitude of the electric (d) theelectrostatic energy stored in the capacitor increases
fieldsat point P at a distance R from the centre of sphere 1,2 5 A solid conducting sphere having a charge Q is surrounded

and 3 are E|, E, and E; respectively, then (JEE Adv. 2014)

P
P

R
20

Q

R2

Sphere 1 Sphere 2

by an uncharged concentric conducting hollow spherical
shell. Let the potential difference between the surface of the
solid sphere and that of the outer surface of the hollow shell
be V. If the shell is now given a charge of — 3Q, the new
potential difference between the same two surfaces is :
(1989 - 2 Marks)
@ V
() 4V

b) 2V
d -2v
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Seven capacitors each of capacitance 2uF are to be
connected in a configuration to obtain an effective

10
capacitance of (ﬁ) WF  Which ofthe combination (s) shown
in figure will achieve the desired result? (1990 - 2 Marks)

ST

(c) <>1HHHI— d <>HHH“*

A parallel plate capacitor of plate area 4 and plate separation
d is charged to potential difference " and then the battery is
disconnected. A slab of dielectric constant K is then inserted
between the plates of the capacitor so as to fill the space
between the plates. If Q, F and W denote respectively, the
magnitude of charge on each plate, the electric field between
the plates (after the slab is inserted), and work done on the
system, in question, in the process of inserting the slab,

then (1991 - 2 Marks)
_godV _ gokAV
= 2077 b =
@ ¢Q p b © =
4 godV2 [ 1
E=— d w= .2
© E=%a @ 2d [1 K}

Two identical thin rings, each of radius R metres, are coaxially
placed a distance R metres apart. If O coulomb, and Q,

coulomb, are respectively the charges uniformly spread on
the two rings, the work done in moving a charge g from the
centre of one ring to that of the other is (71992 - 2 Marks)

9(Q1-0) (V2-1)

(a) zero (b) a x/znsoR)
o D2@+2) @ 1@+0) 2+
(4meyR) (42meyR)

The magnitude of electric field £ in the annular region of

acharged cylindrical capacitor. (1996 - 2 Marks)

(a) is same throughout

(b) is higher near the outer cylinder than near the inner

cylinder

(c) variesas 1/r, where r is the distance from axis

(d) variesas 1/r2 wherer is the distance from the axis.

A metallic solid sphere is placed in a uniform electric fied.

The lines of force follow the path(s) shown in Figure as
(1996 - 2 Marks)

(@ 1
(c) 3

(b) 2
@ 4

11.

12.

13.

14.

15.

A dielectric slab of thickness d is inserted in a parallel plate
capacitor whose negative plate is at x =0 and positive plate
is at x = 3d. The slab is equidistant from the plates. The
capacitor is given some charge. As one goes from 0 to 3d,
(a) themagnitude of the electric field remains the same.
(b) thedirection ofthe electric field remains the same.
(c) the electric potential increases continuously.
(d) the electric potential increases at first, then decreases
and again increases. (1998S - 2 Marks)
A charge +q is fixed at each of the points x =x, x = 3x,
x= 5x0, ..... x = oo onthe x axis, and a charge —q is fixed at
each of the points x = 2x0, x= 4x0, x= 6x0,.. .. x= oo, Herex,
is a positive constant. Take the electric potential at a point
due to a charge Q at a distance  from it to be Q/(4ne ).
Then, the potential at the origin due to the above system of

charges is (1998S - 2 Marks)
9
@ 0 () 8ney xy In2
qin2
© o @ Treg

A positively charged thin metal ring of radius R is fixed in

the xy plane with its centre at the origin O. A negatively

charged particle P is released from rest at the point (0, 0, z))

where z> 0. Then the motion of Pis  (1998S - 2 Marks)

(2) periodic, for all values of z  satistying 0 <z <o

(b) simple harmonic, for all values ofz satisfying 0 <z <R

(c) approximately simple harmonic, provided z)<<R

(d) such that P crosses O and continues to move along
the negative z axis towards z=—o0

A non-conducting solid sphere of radius R is uniformly

charged. The magnitude of the electric field due to the sphere

at a distance r from its centre (1998S - 2 Marks)

(a) increases as r increases, for r <R.

(b) decreases as r increases, for 0 < r <.

(c) decreases as r increases, for R <r <o,

(d) is discontinuous at r = R.

An ellipsoidal cavity is carved within a perfect conductor. A

positive charge g is placed at the centre of the cavity. The

points A and B are on the cavity surface as shown in the

figure. Then (1999S - 3 Marks)

/

(a) electric field near 4 in the cavity = electric field near B
in the cavity

(b) charge density at A = charge density at B

(c) potential at 4 = potential at B

(d) total electric field flux through the surface of the cavity
isgle,
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16. A spherical symmetric charge system is centered at origin.

17.

18.

19.

20.

Given, Electric potential

(2006S - 5 Marks)

__ 90 __ 0
_4Tt80R0 (r<Ry). V_4Tt80r (r>Ro)
VA

>

(@) Withinr= 21}200 total enclosed net charge is Q

(b) Electric field is discontinued at = R,

(c) Chargeis only present atr= R,

(d) Electrostatic energy is zero for <R,

Under the influence of the Coulomb field of charge + O, a
charge —q is moving around it in an elliptical orbit. Find out
the correct statement(s). (2009)
(@ The angular momentum of'the charge — ¢ is constant
(b) The linear momentum of the charge — g is constant
(¢) The angular velocity of the charge —q is constant

(d) The linear speed of the charge —q is constant

A few electric field lines for a system of two charges O, and
0, fixed at two different points on the x-axis are shown in
the figure. These lines suggest that (2010)

Q1 QZ

(@ |Q1 |> O]

(b) 10,1<1Q,|
(c) at afinite distance to the left of O, the electric field is

Zero

(d) atafinite distance to the right of O, the electric field is
Zero

A spherical metal shell A of radius R, and a solid metal

sphere B of radius Ry(<R,) are kept far apart and each is

given charge ‘+Q’. Now they are connected by a thin metal

wire. Then (2011)

(a) Eleide =0

© 4=
o6 Ry

Which of the following statement(s) is/are correct? (2011)

(@) Ifthe electric field due to a point charge varies as r 23
instead of r2, then the Gauss law will still be valid.

(b) The Gauss law can be used to calculate the field
distribution around an electric dipole.

(c) Ifthe electric field between two point charges is zero
somewhere, then the sign of the two charges is the same.

(d) The work done by the external force in moving a
unit positive charge from point A at potential V,
to point B at potential V,is (V;~V,).

(b) Q>Qq

on surjace on surjace
() EGrsuface o ponsuf:

21.

22,

23.

A cubical region of side a has its centre at the origin.
It encloses three fixed point charges, —q at (0, —a/4, 0), +3¢q
at (0,0, 0)and —q at (0, +a/4, 0). Choose the correct options(s)

(2012)

(a) The net electric flux crossing the plane x = +a/2
is equal to the net electric flux crossing the plane
x=-al2

(b) The net electric flux crossing the plane y=+a/2 is more
than the net electric flux crossing the plane
y=-a/2.

(c) Thenet electric flux crossing the entire region is g

(d) The net electric flux crossing the plane z=+a/2 is equal
to the net electric flux crossing the plane x =+a/2.

Six point charges are kept at the vertices of a regular hexagon

of side L and centre O, as shown in the figure. Given that

1 . . 4
= iz' which of the following statement(s) is (are)
dmeg L
correct? (2012)
L
ES -t/ E_
+q /R\ /r\\ q
'1 \‘ P I, \
/i M ’ N
III \\\ I/I \\\
III ) A 4" \\\
'I \‘ ’
A 5 T %D
+2q\‘ S/ ‘\\ I/I —2q
AN / N .
\\\ / \ /
\ // \‘ '/
\\ / N ’
\\ II R £ '/
B\J’. .............. \AI
+q -q

(a) Theelectric field at O is 6K along OD

(b) The potential at O iszero

(c) The potential at all points on the line PR is same

(d) The potential at all points on the line ST is same

Two non-conducting solid spheres of radii R and 2R, having
uniform volume charge densities p, and p, respectively,
touch each other. The net electric field at a distance 2R from
the centre of the smaller sphere, along the line joining the

centres of the spheres, is zero. The ratio P can be

P2
(JEE Ady. 2013)
32
@ -4 ®) 35
32
© 7 @ 4

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

P-104 °
24.

25.

26.

27.
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In the circuit shown in the figure, there are two parallel plate
capacitors each of capacitance C. The switch S, is pressed
first to fully charge the capacitor C, and then released. The
switch S, is then pressed to charge the capacitor C,. After
some time, S, is released and then S, is pressed. After some
time (JEE Adv. 2013)

SZ/

1R 1)
11~

VA =

(@) The charge on the upper plate of C, is 2CV/,

(b) The charge on the upper plate of C, is CV/,

(c) The charge on the upper plate of C, is 0

(d) The charge on the upper plate of C, is —CV,

Two non-conducting spheres of radii R, and R, and carrying
uniform volume charge densities +p and —p, respectively,
are placed such that they partially overlap, as shown in the
figure. At all points in the overlapping region

(JEE Adv. 2013)

The electrostatic field is zero
The electrostatic potential is constant

(¢) The electrostatic field is constant in magnitude

(d) The electrostatic field has same direction
Let E| (), E5(r) and E5(r) be the respective electric field at a
distance r from a point charge Q, an infinitely long wire with
constant linear charge density A, and an infinite plane with
uniform surface charge density 6. If E(r,)) = E,(r,y) = E5(7,)
at a given distance r), then (JEE Adv. 2014)

@)
(b)

@ Q=don}

b n= %

© E(r/2)=2E(r/2)
@) Ey(n/2)=4E;(r/2)

A parallel plate capacitor has a dielectric slab of dielectric
constant K between its plates that covers 1/3 of the area of
its plates, as shown in the figure. The total capacitance of
the capacitor is C while that of the portion with dielectric in
between is C;. When the capacitor is charged, the plate area
covered by the dielectric gets charge Q; and the rest of the
area gets charge Q,. The electric field in the dielectric is £
and that in the other portion is E,. Choose the correct option/
options, ignoring edge effects. (JEE Adv. 2014)

28.

29.

E : :
@ g~ T
E 1 : :
® &%
O 3
© 0%
C 2+K
@ =%

The figures below depict two situations in which two infinitely
long static line charges of constant positive line charge
density A are kept parallel to each other. In their resulting
electric field, point charges q and —q are kept in equilibrium
between them. The point charges are confined to move in
the x direction only. If they are given a small displacement
about their equilibrium positions, then the correct
statement(s) is(are) (JEE Adv. 2015)

A A A A
TP B 'Y P9 >X
+q -q

(@) Both charges execute simple harmonic motion

(b) Both charges will continue moving in the direction of
their displacement

(¢) Charge +q executes simple harmonic motion while
charge —q continues moving in the direction of its
displacement

(d) Charge —q executes simple harmonic motion while

charge +q continues moving in the direction of its
displacement
Consider a uniform spherical charge distribution of radius
R, centred at the origin O. In this distribution, a spherical
cavity of radius R,, centred at P with distance OP = a
=R, - R, (see figure) is made. Ifthe electric field inside the

cavity at position - is E(r), then the correct statement(s) is

(are) (JEE Adv. 2015)

@

E is uniform, its magnitude is independent of R, but
its direction depends on »

(b) E is uniform, its magnitude depends on R, and its
direction depends on .

(¢) E isuniform, its magnitude is independent of a but its
direction depends on

(d) E is uniform and both its magnitude and direction

depend on
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30. A parallel plate capacitor having plates of area S and plate

separation d, has capacitance C| in air. When two dielectrics
of different relative primitivities (g, = 2 and &, = 4) are
introduced between the two plates as shown in the figure,

. . 2 .
the capacitance becomes C,. The ratio C s
1

(JEE Adv. 2015)
dn

(el e e

< >

@ 65 w3
© 75 @

E Subjective Problems

Three charges each of value g, are placed at the corners of

an equilateral triangle. A fourth charge Q is placed at the

centre of the triangle. (1978)

() IfQ=-gq,willthe charges at the corners move towards
centre or fly away from it.

(i) For what value of Q will the charges remain stationary?
In this situation how much work is done in removing
the charges to infinity?

A rigid insulated wire frame, in A

the form of right triangle ABC is

set in a vertical plane. Two beads

of equal masses m each carrying
charges ¢, and g, are connected

by a chord of length / and can B

slide without friction on the wires. Considering the case

when the beads are stationary, determine : (1978)

() theanglea,

(i) the tension in the chord, and

(i) the normal reactions on the beads.

Ifthe chord is now cut, what are the values of the charges

for which the beads continue to remain stationary?

A charge ‘Q’ is distributed over two concentric hollow

spheres of radii ‘#” and ‘R’ (>7) such that the surface densities

are equal. Find the potential at the common centre.
(1981- 3 Marks)

A thin fixed ring of radius 1 metre has a positive charge 1 x 10~

coulomb uniformly distributed over it. A particle of mass

0.9 gm and having a negative charge of 1 x 10~ coulomb is

placed on the axis at a distance of 1 cm from the centre of the

ring. show that the motion of the negatively charged particle

30° 60°

C

10.

is approaximately simple harmonic. Calculate the time period
of oscillations. (1982 - 5Smarks)
The figure shows two identical S
parallel plate capacitors connected
to a battery with the switch S closed.
The switch is now opened and the =y A——=C B=C
free space between the plates of the T -‘V

capacitors is filled with a dielectric
of dielectric constant (or relative

permittivity) 3. Find the ratio of the total electrostatic energy
stored in both capacitors before and after the introduction

ofthe dielectric. (1983 - 6 Marks)
Two fixed, equal, positive charges, each A ¢+q
of magnitude 5 x 107> coul are located

at points A and B separated by a ol -4

distance of 6 m. An equal and opposite
charge moves towards them along the D C
line COD, the perpendicular bisector of

the line 4B. (1985 - 6 Marks) B é+q
The moving charge, when it reaches the point C at a
distance of 4 m from O, has a kinetic energy of 4 joules.
Calculate the distance of the farthest point D which the
negative charge will reach before returning towards C.
Three particles, each of mass 1 gm and carrying a charge ¢,
are suspended from a common point by insulated massless
strings, each 100 cm long. Ifthe particles are in equilibrium
and are located at the corners of an equilateral triangle of
side length 3 cm, calculate the charge g on each particle.
(Take g=10m/s?). (1988 - 5 Marks)

A point particle of mass Mis >
attached to one end of a >
massless rigid non- i —E

conducting rod of length L.  -qe—
Another point particle of the
same mass is attached to the
other end of the rod. The two particles carry charges +¢q and
— g respectively. This arrangement is held in a region of a
uniform electric field £ such that the rod makes a small angle
0 (say of about 5 degree) with the field direction, fig. Find
an expression for the minimum time needed for the rod to
become parallel to the field after it is set free. (1989 - 8mark)
Three concentric spherical metallic shells A, Band C of radii
a, b and ¢ (a < b <c) have surface charge densities ¢ ,— o
and o respectively. (1990 -7 Marks)
(i) Find the potential of the three shells 4, Band C.
(i) Ifthe shells 4 and C are at the same potential, obtain
the relation between the radii @, band c.
Two fixed charges — 20 and Q are located at the points with
coordinates (—3a, 0) and (+ 3a, 0) respectively in the x-y
plane. (1991 - 4 +2 +2 Marks)
(a) Showthat all points in the x-y plane where the electric
potential due to the two charges is zero, lie on a circle.
Find its radius and the location of its centre.
(b) Give the expression V' (x) at a general point on the
x - axis and sketch the function 7 (x) on the whole x-axis.
(c) Ifaparticle of charge + g starts form rest at the centre
ofthe circle, show by a short quantative argument that
the particle eventually crosses the circle. Find its speed
when it does so.

rd

\ 4
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(a) A charge of O coulomb is uniformly distributed over a
spherical volume of radius R metres. Obtain an
expression for the energy of the system.

What will be the corresponding expression for the
energy needed to completely disassemble the planet
earth against the gravitational pull amongst its
constituent particles ?

Assume the earth to be a sphere of uniform
mass density. Calculate this energy, given the product
of the mass and the radius of the earth to be
25x 103 kg m.

Ifthe same charge of O coulomb as in part (a) above is
given to a spherical conductor of the same radius R,
what will be energy of the system ?(71992- 10 Marks)
Two parallel plate capacitors 4 and B have the same
separation d = 8.85 x 10~ m between the plates. The plate
areaof A and B are 0.04 m? 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. (1993 -2+ 3 +2 Marks)

s, AT

(b)

©

I_

110V

(@ (b) ©
(1) Thedielectric slabis placed inside A as shown in figure
(a). Ais then charged to a potential difference of 110V.
Calculate the capacitance of 4 and the energy stored in it.
The battery is disconnected and then the dielectric
slabis moved from A. Find the work done by the external
agency in removing the slab from 4.
The same dielectric slab is now placed inside B, filling
it completely. The two capacitors 4 and B are then
connected as shown in figure (¢). Calculate the energy
stored in the system.
A circular ring of radius R with uniform positive charge
density A per unit length 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\/E,O, 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 does not return to P. (1993-4 Marks)
Two square metal plates of side 1 m arekept 0.01 m apart like
aparallel plate 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
emf500 V. The plates are then lowered vertically into the oil
at aspeed of 0.001 ms™!. Calculate the current drawn from
the battery during the process. (Dielectric constant of
oil=11,£,=8.85x 107 2C2N"'m ") (1994 - 6 Marks)
The capacitance of a parallel plate A

capacitor with plate area 4 and T
separation d is C. The space ;%U,“ K2 dT
between the plates is filled with E Ki1=—=U||

two wedges of dielectric constants i
K, and K, respectively. Find the capacitance of the resulting
capacitor. (1996 - 2 Marks)

(in)

(iii)

16.

17.

18.

19.

20.

Two capacitors 4 and B with capacities 3 uF and 2 uF are
charged to a potential difference of 100 V and 180 V
respectively. The plates of the capacitors are connected as
shown in the figure with one wire from each capacitor free.
The upper plate of 4 is positive and that of B is negative. An
uncharged 2 wF capacitor C with lead wires falls on the free
ends to complete the circuit. Calculate (1997 - 5 Marks)

+l 3uF 2uF J:
A ‘{ 100V 180 v‘{ B

(i) the final charge on the three capacitors. and
(i) the amount of electrostatic energy stored in the system
before and after the completion ofthe circuit.
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, isrecharged 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. (1998 - 8 Marks)
(@) Find the electrostatic energy of S, after n such contacts
with S,
(b) What is the limiting value of this energy as n — o ?
A non-conducting disc of radius a and uniform positive
surface charge density o is placed on the ground, with its
axis vertical. A particle of mass m and positive charge ¢ is
dropped, along the axis of the disc, from a height H with

zero initial velocity. The particle has g/m=4 g, g/o

(1999 - 10 Marks)

(a) Find the value of H ifthe particle just reaches the disc.

(b) Sketch the potential energy of the particle as a function
of its height and find its equilibrium position.

Four point charges +8mC, —1mC, —1mC, and +8mC are fixed

at the points - /2_7m’_\/§m’+\/§m and+ /Zm
2 2 2 2

respectively on the y-axis. A particle of mass 6 x 10~ kg and
charge +0.1 uC moves along the -x direction. Its speed at
x=+00 is V. Find the least value of V/, for which the particle
will cross the origin. Find also the kinetic energy of the
particle at the origin. Assume that space is gravity free.

Given =9x10°Nm?/C?.

(2000 - 10 Marks)
TE

Charges +q and —q are located at the corners of a cube of

side as show in the figure. Find the work done to separate

the charges to infinite distance. (2003 - 2 Marks)

—-q +q

—q

*q

*q

—-q *q
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21. Acharge +Qisfixed at the origin of the co-ordinate system  22.  Two uniformly charged large plane sheets S, and S, having
charge densities 6, and 6, (6, > 6,) are placed at a distance

while a small electric dipole of dipole moment ; pointing d parallel to each other. A charge ¢, is moved along a line of

away from the charge along the x-axis is set free from a point length a(a < d) at an angle 45° with the normal to.S,. Calculate
far away from the origin. ‘ ¢ 2003 - 4 Marks) the work done by the electric field (2004)
(@) Calculate the K.E. of the dipole when it reachestoa 23, A conducting liquid bubble of radius a and thickness

point (d, 0). t (t<<a) is charged to potential V. If the bubble collapses to
(b) Calculate the force on the charge +Q at this moment. adroplet, find the potential on the droplet. (2005 - 2 Marks)

|3 Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be P q
matched. The statements in Column-1 are labelled A, B, C and D, while the statements in Column-I1 are
labelledp, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions
have to be darkened as illustrated in the following example :
Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

1. Six point charges, each of the same magnitude g, are arranged in different manners as shown in Column-II. In each case, a point

M and line PQ passing through M are shown. Let E be the electric field and  be the electric potential at M (potential at infinity

is zero) due to the given charge distribution when it is at rest. Now, the whole system is set into rotation with a constant angular
velocity about the line PQ. Let B be the magnetic field at M and p be the magnetic moment of the system in this condition.

r s t

00OO0
®0OG®
Q0OG®
OI0G] ;10

Oawm»

Assume each rotating charge to the equivalent to a steady current. (2009)
Column-1 Column-II
A) E=0 ) Charges are at the corners of a regular hexagon. M is at the centre of
the hexagon. PQ is perpendicular to the plane of the hexagon
B
B) V=0 (@ =i wdbiee..t. Charges are on a line perpendicular to PQ at equal intervals. M is the
mid-point between the two innermost charges.
Q
© B=0 @) Charges are placed on two coplanar insulating rings at equal intervals.
M is the common centre of the rings. PQ is perpendicular to the plane
of the rings.
= —l— =
O =0 s P M 0 Charges are placed at the corners of a rectangle of sides a and 2a and
° atthe mid points of the longer sides. M is at the centre of the rectangle.
- + - PQ is parallel to the longer sides.
P

Charges are placed on two coplanar, identical insulating rings at equal
intervals. M is the mid-point between the centres of the rings. PQ is
Q perpendicular to the line joining the centres and coplanar to the rings.
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DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of

which ONLY ONE is correct.

2. Four charges 0|, 0,, Q5 and O, of same magnitude are fixed along the x axis at x =—2a,— a, + aand + 2a, respectively. A positive
charge g is placed on the positive y axis at a distance b > 0. Four options of the signs of these charges are given in List-1. The
direction of the forces on the charge ¢ is given in List-II. Match List-I with List-II and select the correct answer using the code

given below the lists.
List-1

P 0,,0,,0;50,all
positive

Q. 0y, O, positive;
03, Q4 negative

R Q,, O, positive;
0,, Q5 negative

(JEE Adv. 2014)

List-11
1. +x q(0, b)
2. —x
3. +y o O, O3 Oy

(-2a,0) (-a,0) (+a,0) (+24,0)

S. 0y, Q5 positive; 4, -y
0,, Q4 negative

Codes:

() P-3,Q-1,R-4,S-2 (b) P4,Q-2,R-3,8-1

(¢) P-3,Q-1,R-2,S4 (d) P4,Q-2,R-1,S-3

G

Comprehension Based Questions

PASSAGE-1
The nuclear charge (Ze) is non-uniformly distributed within a
nucleus of radius R. The charge density p (r) [charge per unit
volume] is dependent only on the radial distance r from the centre
of the nucleus as shown in figure The electric field is only along
the radial direction. (2008)

9<’r)

O a R
1.  Theelectric fieldatr=Ris

(a) independent ofa

(b) directly proportional to a

(c) directly proportional to a*

(d) inversely proportional to a
2.  Fora=0, the value of d (maximum value of p as shown in the

figure) is —
3Ze 3Ze
@ o ® 3
47Z¢
© TR @ TR3

3. The electric field within the nucleus is generally observed
to be linearly dependent on r. This implies.

(@ a=0 (b) a=R2
(© a=R (d) a=2R/A3
PASSAGE-II

Consider an evacuated cylindrical chamber of height h having
rigid conducting plates at the ends and an insulating curved
surface as shown in the figure. A number of spherical balls made

of a light weight and soft material and coated with a conducting
material are placed on the bottom plate. The balls have a radiusr
<<h. Now a high voltage source (HV) is connected across the
conducting plates such that the bottom plate is at +V  and the
top plate at —V_ . Due to their conducting surface, the balls will
get charged, will become equipotential with the plate and are
repelled by it. The balls will eventually collide with the top plate,
where the coefficient of restitution can be taken to be zero due to
the soft nature of the material of the balls. The electric field in the
chamber can be considered to be that of a parallel plate capacitor.
Assume that there are no collisions between the balls and the
interaction between them is negligible. (Ignore gravity)

®

4.  Which one of the following statements is correct?
(JEE Adv. 2016)
(a) The balls will stick to the top plate and remain there
(b) The balls will bounce back to the bottom plate carrying
the same charge they went up with
(c) Theballs will bounce back to the bottom plate carrying
the opposite charge they went up with
(d) Theballs will execute simple harmonic motion between
the two plates
5. The average current in the steady state registered by the
ammeter in the circuit will be (JEE Adv. 2016)
(a) zero
(b) proportional to the potential V

(c) proportional to Vé/ 2

(d) proportional to VO2
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Assertion & Reason Type Questions

STATEMENT-1 : For practical purposes, the earth is used
as areference at zero potential in electrical circuits.

and

STATEMENT-2 : The electrical potential of a sphere of
radius R with charge Q uniformly distributed on the surface

is given by m . (2008)

(a) Statement-1 is True, Statement-2 is True; Statement-2 is
acorrect explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement- 1

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

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

Integer Value Correct Type

A solid sphere of radius R has a charge Q distributed in its
volume with a charge density p = k%, where k and a are
constants and r is the distance from its centre.

R 1
Ifthe electric field at ¥ = Eis g times that at » = R, find the

value of a. (2009)

Four point charges, each of +q, are rigidly fixed at the four
corners of a square planar soap film of side ‘a’. The surface
tension of the soap film is y. The system of charges and

2

/N
planar film are in equilibrium, and a = k[qT:I , where k’

(2011)

An infinitely long solid cylinder of radius R has a uniform
volume charge density p. It has a spherical cavity of radius
R/2 with its centre on the axis of the cylinder, as shown in

is a constant. Then N is

Section-B

On moving a charge of 20 coulomb by 2 cm, 2 J of work is
done, then the potential difference between the points is
@ 01V (b) 8V [2002]
() 2V (d) 05V

Ifthere are n capacitors in parallel connected to V' volt source,
then the energy stored is equal to [2002]

(b) Lo

@ CV >

1
2n
A charged particle g is placed at the centre O of cube of
length L(A4 BC D E F G H). Another same charge ¢ is placed
at adistance L from O. Then the electric flux through ABCD
is [2002]

(c) CV? (d) CV2

the figure. The magnitude of'the electric field at the point P,
which is at a distance 2R from the axis of the cylinder, is
23pR

KSO

given by the expression . The value of k is

(2012)

¥

An infinitely long uniform line charge distribution of charge
per unit length A lies parallel to the y-axis in the y— z plane at

z= ? a (see figure). If the magnitude of the flux of the

electric field through the rectangular surface ABCD lying in
AL
the x — y plane with its centre at the origin is E

(g = permittivity of free space), then the value of n is

JEE Main / GIEEE

a

V3
A

-4 (JEE Ady. 2015)

@ qlAdneylL E D
(b) zero o, __/i .
© g2 mnel 1 by
(d) gBmeylL 4 WL Ny S

If a charge q is placed at the centre of the line joining two
equal charges Q such that the system is in equilibrium then

the value of g is [2002]
@@ 0r2 (b -02
() 0A d) -0/
Capacitance (in F) of a spherical conductor with radius 1 m
is [2002]
@ 1.1x1071° (b) 107
© 9x107° @ 1073
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If the electric flux entering and leaving an enclosed surface

respectively is ¢4 and ¢ , the electric charge inside the surface
will be [2003]

@ (92 —d1)eo (®) (d1+92)/¢,
© (92-91)/g0 (d) (91 +d2)e,

A sheet of aluminium foil of negligible thickness is
introduced between the plates of a capacitor. The
capacitance of the capacitor [2003]
(a) decreases (b) remains unchanged

(¢c) becomesinfinite  (d) increases

A thin spherical conducting shell of radius R has a charge g.
Another charge Q is placed at the centre of the shell. The

R
electrostatic potential at a point P a distance — from the

2
centre of the shell is [2003]
20 20 2q
b _
@ 4me,R (b) 4ne,R 4me, R
20 . 4 (g+90)2

© 4dne,R 4me,R 4me, R

The work done in placing a charge of 8x 107'8 coulombon
a condenser of capacity 100 micro-farad is [2003]
@ 16x10732joule  (b) 3.1x1072joule

© 4x107%oule  (d) 32x107joule

Three charges —q, , +q, and —q, are place as shown in the
figure. The x - component of the force on —g, is proportional

to [2003]
Y
e 1
a N\
\ «<— b —>
-4, *q, 'X
q, 4 q, 4
(@) —=-——cosb b) 2+35in0
2 2 2 g2
q, 4 q, 4
(©) 2+ 3cos0 (d —2-Z3sin6
b2 a2 b2 a2

The length of a given cylindrical wire is increased by 100%.
Due to the consequent decrease in diameter the change in

the resistance of the wire will be [2003]
(@ 200% (b) 100%
(©) 50% (d) 300%

Two spherical conductors B and C having equal radii and
carrying equal charges on them repel each other with a force
F when kept apart at some distance. A third spherical
conductor having same radius as that B but uncharged is

13.

14.

15.

16.

17.

18.

brought in contact with B, then brought in contact with C
and finally removed away from both. The new force of

repulsion between B and C is [2004]
(@ FI8 (b) 3F/4
(c) F/A d) 3F8

A charge particle ‘g’ is shot towards another charged particle

‘Q’ which is fixed, with a speed ‘v’. It approaches ‘Q’ upto

a closest distance » and then returns. If g were given a

speed of 2y’ the closest distances of approach would be
[2004]

(@ r2 (b) 2r

(c) r d) r4

Four charges equal to -Q are placed at the four corners of a

square and a charge g is at its centre. If the system is in

equilibrium the value of ¢ is [2004]
@ -20+20) @ Las2d)
© -L20+22) @ Zas2vd)

A charged oil drop is suspended in a uniform field of 3x10*
v/m so that it neither falls nor rises. The charge on the drop
will be (Take the mass of the charge = 9.9x10~1° kg and
g=10m/s?) [2004]
(@) 1.6x10718C (b) 32x1078C

() 33x10718C (d) 4.8x10718C

Two point charges + 8¢q and — 2q are located at x = 0 and
x = L respectively. The location of a point on the x axis at
which the net electric field due to these two point charges is

Z€erois [2005]
L

@ 7 ) 2L

(c) 4L d 8L

Two thin wire rings each having a radius R are placed at a
distance d apart with their axes coinciding. The charges on
the two rings are +q and -q. The potential difference
between the centres of the two rings is [2005]

© —1— R S
(d) zero
A parallel plate capacitor is made by stacking »n equally

spaced plates connected alternatively. If the capacitance
between any two adjacent plates is ‘C” then the resultant

capacitance is [2005]
@ @r+1)HC by (n-1)C
(¢) nC d C
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19. A charged ball B hangs from a silk thread S, which makesan ~ 25. Charges are placed on the vertices of a square as shown.
?mgle 6 with a large charged conductigg sheet P, as showp Let E be the electric field and V'the potential at the centre.
in the ﬁ‘gure. The surface charge density o of the sheet is Ifthe charges on 4 and B are interchanged with those on D
proportional to o [2005] and C respectively, then [2007]
t - . q q
(@) cot P I 0 (@) E changes, V'remains unchanged [ B
(b) cos @ +| \s _ ‘
H (b) E remains unchanged, V' changes
(c) tan @ 1 _
) sin g + 5 (©) b—(’)th E and V change b .

20. A fully charged capacitor has a capacitance ‘C’. It is @ E an§ Vremaiq unchanged . - -
discharged through a small coil of resistance wire embed- ~ 26. The potential at a point x (measured in pm) due to some
ded in a thermally insulated block of specific heat capacity charges situated on the x-axis is given by
‘s’ and mass ‘m’. If the temperature of the block is raised by V(x)=20/(x2 - 4) volt
© AT ’, the potential difference ‘J” across the capacitance is The electric field £ atx =4 pm is given by [2007]
@ mCAT ®) YmCAT (2005] (@ (10/9) volt/ u m and in the +ve x direction

(b) (5/3) volt/ u m and in the —ve x direction
© ImsAT @ msAT (¢) (5/3) volt/ u m and in the +ve x direction
C C (d) (10/9) volt/ u m and in the —ve x direction

21. An electric dipole is placed at an angle of 30° to a non- 27. A parallel plate condenser with a dielectric of dielectric
uniform electric field. The dipole will experience ~ [2006] constant K between the plates has a capacity C and is
(@) atranslational force only in the direction of the field charged to a potential V" volt. The dielectric glab is slowly
(b) atranslational force only in a direction normal to the removed from between the plates and then reinserted. The

direction of thelield net work done by the system in this process is [2007]
(c) atorque as well as a translational force @) zero (b) 1 (K -1) CV?
(d) atorque only 2

22. Two insulating plates are both uniformly charged in such a ¢ € V2 (K-1) @ (K-1) cr?
way that the potential difference between them is K
V,=V,=20V. (ie, plate 2 is at a higher potential). The  28. If g, and g,, are the accelerations due to gravity on the
platgs are separated by d ~ 0.1 m and can be treatf:d as surfaces of the earth and the moon respectively and if
infinitely large. An electron is released from rest on the inner Millikan’s oil drop experiment could be performed on the
surface of plate 1. What is its speed when it hits plate 2? two surfaces, one will find the ratio [2007]
(e=16x107PC,m,=9.11 x 10~ kg) [2006] electronic charge on the moon

tob
@ 2.65x10°m/s Y electronic charge on the earth S
(b) 7.02x102m/s 0.1 m—> @ gum/ge (b) 1
(c) 1.87x10°m/s 2 (© 0 d ge/gm
) 32x10"°m/s , ; 29. A pargllel plate capacitor with air between thg plates hqs

23. Two spherical conductors 4 and B of radii | mm and 2 mm t:a?acnance of 9 pF. The separatlop between its p}ates 18

are separated by a distance of 5 cm and are uniformly d’. The space between the plates is now filled with two
. . dielectrics. One of the dielectrics has dielectric constant &

charged. Ifthe spheres are connected by a conducting wire 1

then in equilibrium condition, the ratio of the magnitude of = 3 and thickness a while the other one has dielectric

the electric fields at the surfaces of spheres 4 and B is 3 0d

(@ 4:1 (b) 1:2 [2006] constant k£, = 6 and thickness —— . Capacitance of the

(¢ 2:1 (d 1:4 it - 3 2008

24. An electric charge 1073 C is placed at the origin (0, 0) of capactior 15 now [ |
Y- Teoordi T 15 A4 and B are situated (@ 18pF (b) 45pF

— Y co-ordinate system. Two points 4 and B are situated at (c) 40.5pF (d) 2025pF
30. A thin spherical shell of radus R has charge Q spread

(\/5 2 ) and (2, 0) respectively. The potential difference

between the points A and B will be [2007]
(@) 4.5volts (b) 9 volts
(¢) Zero (d) 2volt

uniformly over its surface. Which of the following graphs
most closely represents the electric field £() produced by
the shell in the range 0 < r <o, where r is the distance from
the centre of the shell? [2008]
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® Topic-wise Solved Papers - PHYSICS
E(r) E(r) 36. Letthere be a spherically symmetric charge distribution with
[\ K charge density varying as P(*) = Po 21 g) uptor= R,
(@) r (b) & f and p(r)=0 for » > R, where r is the distance from the
O| R O
E() origin. The electric field at a distance /(¥ < R) from the origin
\/\ is given by [2010]
por(S_ r] 47tp0r( r)
k (@ ot @ 2,37 R ® 3, \37R
Two pomts Pand Q are mamtamed at the poﬁentlals. of dpor (5 7 por(5 r
10 V and — 4 V, respectively. The work done in moving (©) - d 7 \7 %
. 4eg \4 R 3ep\4 R
100 electrons from Pto Qs : [2009]
(@) 9.60x10717] (b) —2.24x10716] 37. Two identical charged spheres suspended from a common
(c) 2.24x10716] (d) -9.60x10717] point by two massless strings of length / are initially a
A charge Q is placed at each of the opposite corners of a distance d(d << [) apart because of their mutual repulsion.
square. A charge g is placed at each of the other two corners. The charge begins to leak from both the spheres at a constant
Ifthe net electrical force on Q is zero, then O/q equals: [2009] rate. As aresult charges approach each other with a velocity
1 v. Then as a function of distance x between them, [2011]
(@ -1 (b)1 © _E (d) 242 @ voex! (b) vocx”
This question contains Statement-1 and Statement-2. Of () veex d) vecx™
the four choices given after the statements, choose the one  38. The electrostatic potential inside a charged spherical ball is
that best describes the two statements. [2009] given by ¢ = ar? + b where 7 is the distance from the centre
Statement-1 ; For a charged particle moving from point P to and a, b are constants. Then the charge density inside the
point Q, the net work done by an electrostatic field on the ball is : [2011]
particle is independent of the path connecting point P to _ i
@ oo
-2 : Th k ive ft 0 0
Statement © et work done'by &' conseRytive frce 39. Inauniformly charged sphere of total charge Q and radius

on an object moving along a closed loop is zero.

(a) Statement-1 is true, Statement-2 is true; Statement-2 is
the correct explanation of Statement-1.

(b) Statement-1 is true, Statement-2 is true; Statement-2 is
not the correct explanation of Statement-1.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is false.

Let P(r)= %r be the charge density distribution for a

T

solid sphere of radius R and total charge Q. For a point ‘p’
inside the sphere at distance r,| from the centre of the sphere,

the magnitude of electric field is : [2009]
9 on’
b
@ 47‘60'12 ®) 41teOR4
o’ o o
© Tre B @

A thin semi-circular ring of radius r has a positive charge g
distributed uniformly over it. The net field E at the centre O

is 12010
@ Grgs? j
© _WJA (e} 1

A

(d) 27[2807'2 /

40.

R, the electric field E is plotted as function of distance from
the centre, The graph which would correspond to the above

will be: [2012]
ET ET
(@) (b)
Rr— ~ Rr—
el el
(©) (@
=

This questions has statement-1 and statement-2. Of the four
choices given after the statements, choose the one that
best describe the two statements. [2012]
An insulating solid sphere of radius R has a uniformly
positive charge density p. As a result of this uniform charge
distribution there is a finite value of electric potential at the
centre of the sphere, at the surface of the sphere and also at
a point out side the sphere. The electric potential at infinite
is zero.

Statement -1 : When a charge q is take from the centre of
the surface of the sphere its potential energy changes by
AP

380 :
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Electrostatics ®
Statement -2 : The electric ﬁ:ld at a distance r (r <R) from @ 6x107C /m2 (b) 3x107C /m2
the centre of the sphere is e
3eg (€) 3x10°C/m? (d) 6x10*C/m?
(@) Statement 1 istrue, Statement 2 istrue; Statement 2is  46. In the given circuit, charge Q, on the 2uF capacitor changes
not the correct explanation of statement 1. as C is varied from 1pF to 3pF. Q, asa function of'C' is given
(b) Statement 1 is true Statement 2 is false. properly by: (figures are drawn schematically and are not
(c) Statement 1 is false Statement 2 is true. to scale) [JEE Main 2015]

41. Two capacitors C, and C, are charged to 120 V and 200 V
respectively. It is found that connecting them together the
potential on each one can be made zero. Then I

(d) Statement 1 istrue, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1 —] I—E:uF
C
2uF

[JEE Main 2013|
@ 35G=3G (b) 3C;=5C, Charge
() 3C1+5C, =0 (d) 9C =4C, 9
42. Twocharges, each equal toq, are keptatx=—aand x=aon @ ? /
a ;
the x-axis. A particle of mass m and charge q,= 9is placed : E @
2 ms 3uF
at the origin. If charge q; is given a small displacement Charge
(y <<a) along the y-axis, the net force acting on the particle
is proportional to [JEE Main 2013 Q,
@ v ®) -y A
©) .
1 1 ! Ey
© 5 @ -3 TuF 3k ©
43. A charge Q is uniformly distributed over a long rod AB of (hasze
length L as shown in the figure. The electric potential at the
point O lying at distance L from the end A is Q, .
[JEE Main 2013[ ©
c !
(0] A A B : /!
€ L >€ L > 1uF 3uF
30
= Charge
@ 8neyL (b) dneyL &
QOln2 Q
—————— 2 )
© 4negyLIn2 () 4meg L S /
\ (d) i

44. Assumethat an electric field E = 30x2j exists in space. Then
the potential difference V, —V,, where V, is the potential 1uF 3uF ¢
atthe originand V, the potential at x=2 m is: 47. A uniformly charged solid sphere of radius R has potential

. V,, (measured with respect to o) on its surface. For this sphere
[JEE Main 2014| V. 5V, 3V
(@ 120J/C (b) -120J/C the equipotential surfaces with potentials TO, TO, TO
(c) -80J/C (d) 80J/C Vo ‘ )

45. A parallel plate capacitor is made of two circular plates and 4 have radiusR;, Ry, Ry and R, respectively. Then
separated by a distance 5 mm and with a dielectric of dielectric @ R;=0andR,<(R,-R;) [JEE Main 2015]
constant 2.2 between them. When the electric field in the (b) 2R<R

4

dielectric is 3x10* V/m the charge density of the positive

¢) R;=0andR,>(R,-R
plate will be close to: [JEE Main2014[ © R 2> (R4—Ry)

(d R,#0and(R,—R,)>(R,—R;)
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48. A long cylindrical shell carries positive surface charge ¢ in

the upper half and negative surface charge - ¢ in the lower
half. The electric field lines around the cylinder will look like
figure given in : (figures are schematic and not drawn to
scale) [JEE Main 2015|

&
%*

© @%:3) @

49. A combination of capacitors is set up as shown in the figure.

The magnitude of'the electric field, due to a point charge Q
(having a charge equal to the sum of the charges on the 4
wFand 9 uF capacitors), at a point distance 30 m from it,

would equal : [JEE Main 2016]
3uF
4uF
—] 9uF
2uF =
I CO
I
8V

50.

(@) 420N/C (b) 480N/C
(c) 240N/C (d) 360N/C
The region between two concentric spheres of radii 'a’ and

'b', respectively (see figure), have volume charge density
A
p= T where A is a constant and r is the distance from the

centre. At the centre of the spheres is a point charge Q. The
value of A such that the electric field in the region between

the spheres will be constant, is : [JEE Main 2016]
(&
_2Q 2Q
(@ n(az - b2) (b) ?
Q _Q
© -7 @ 2n(v?-a?)
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Current Electricity

| Section-A

A Fill inthe Blanks 2

An electric bulb rated for 500 watts at 100 volts is used in a
circuit having a 200 volts supply. The resistance R that
must be put in series with the bulb, so that the bulb delivers
500 wattis.......... ohm. (1987 - 2 Marks)

The equivalent resistance between points 4 and B of the
circuit given belowis .....Q . (1997 - 2 Marks)

In the circuit shown below, ach battery is 5V and has an
internal resistance of 0.2 ohm.

]
= | l—‘|‘_<>V
:I—|I—|I—I—

The reading in the ideal voltmeter Vis..... V. (1997 - 2 Marks)

B True/False

In an electrolytic solution the electric current is mainly due
to the movement of free electrons. (1980)

Electrons in a conductor have no motion in the absence of
a potential difference across it. (1982 - 2 Marks)
The current —voltage graphs for a given metallic wire at

two different temperatures 7, and T, are shown in the figure.
(1985 - 3 Marks)

‘ 4
I T,
V—

The temperature T, is greater than 7.

C MCQs with One Correct Answer

The temperature coefficient of resistance of a wire is 0.00125
per °C. At 300 K, its resistance is 1 ohm. This resistance of
the wire will be 2 ohm at.
(@) 1154K
(c) 1400K

(b) 1100K (1980)
) 1127K

JEE Advanced/ IIT-JEE

A constant voltage is applied between the two ends of a
uniform metallic wire. Some heat is developed in it. The heat
developed is doubled if (1980)
(a) both the length and the radius of the wire are halved.

(b) both the length and the radius of the wire are doubled.
(c) theradius of the wire is doubled.

(d) the length of the wire is doubled.

The electrostatic field due to a point charge depends on the

1
distance ras —- . Indicate which of the following quantities

shows same Jependence onr. (1980)

(a) Intensity of light from a point source.

(b) Electrostatic potential due to a point charge.

(c) Electrostatic potential at a distance r from the centre ofa
charged metallic sphere. Given r <radius ofthe sphere.

(d) None of these

In the circuit shown in fig the heat produced in the 5 ohm

resistor due to the current flowing through it is 10 calories

per second. (1981- 2 Marks)

4Q 6Q2
—VWWW— W\

—>— —>
5Q
L AWWW——

The heat generated in the 4 ohms resistor is

(@) 1 calorie/sec (b) 2 calories /sec

(c) 3 calories /sec (d) 4 calories /sec

The current i in the circuit (see Fig) is (1983 - 1 Mark)

1

@ A ) A
1 1

© 5A @ A

A piece of copper and another of germanium are cooled
from room temperature to 80° K. The resistance of

(a) each ofthem increases (1988 - 1 Mark)
(b) each of them decreases

(c) copper increases and germanium decreases

(d) copper decreases and germanium increases
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A battery of internal resistance 4Q is connected to the
network of resistances as shown. In order that the maximum
power can be delivered to the network, the value of R in Q

should be (1995S)
VAAAS —AAAAS
[ S
? bS ?
de 3x 3 & 2
T4 R 4R
2 b) 2 e d) 18
@ 5 O ©3 @
In the circuit P#R, the P \17 0
reading of the galvanometer is o
same with switch S open or a %
closed. Then (1999 - 2 Marks)
@@ I R=IG R G
b =1,
(© I Q=IG |
|
(d) Ip=1I A

In the given circuit, with steady current, the potential drop

across the capacitor must be (2001S)
(@ Vv (b) V2 (c) Vi3 (d) 2v3
v, R
1 WAAAAA
C
VI I | \
' I
2, 2R
} AN

A wire of length L and 3 identical cells of negligible internal
resistances are connected in series. Due to the current, the
temperature of the wire israised by AT in a time ¢. A number
N of similar cells is now connected in series with a wire of
the same material and cross-section but of length 2. The
temperature of the wire is raised by the same amount A7 in

the same time . the value of N is (2001S)
@@ 4 (b 6
© 8 @ 9

In the given circuit, it is observed that the current / is
independent of the value of the resistance R,. Then the
resistance values must satisfy (2001S)

I Rs
Ri3 g, %R

e

@ R,R,Rs=RR,R,

1 1 1 1
b T to = +

R, R, R,+R, R,+R,
(©) RR,=R,R,
(d) R\Ry=R,R,=RsR(

12.

13.

15.

The effective resistance between points P and Q of the

electrical circuit shown in the figure is (2002S)
2Rr 2R 2R

@ R+r * -

®) 8R(R+7) Lo

3R+r R T

(¢) 2r+4R m 24
5R

(d) 7 +2r

A 100 W bulb B, and two 60 W bulb B, and B, are
connected to a 250 V source, as shown in figure. Now ¥,
W, and W are the output powers of the bulbs B|, B, and B,,
respectively. Then (20028 )

Lo
B,

250V

— |

(@ W, >Ww,=Ww, (b)) W, >Ww,>W,
© W,<W,=W, d W,<W,<W,
Express which of the following set ups can be used to verify
Ohm’s law? (2003S)

D \J
@ % 2

In the shown arrangement of the experiment of the meter
bridge if AC corresponding to null deflection of
galvanometer is x, what would be its value if the radius of
the wire AB is doubled? (2003S)

(b)

AAAA
mAAALS

©

g 3 %
< \3,\
VAVAV‘VA'
(A
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—J
R, R,
A€«—x—>C B
(@ x (b) x/4
(© 4x d 2x

16.

17.

18.

19.

The three resistance of equal value are arranged in the
different combinations shown below. Arrange them in

increasing order of power dissipation. (20038)
i
—— AW WW—WW— > —
i
> ‘

m av)
(a) MI<II<IV<I (b) I<II<IV<I
(¢) I<IV<II<I (d) I<M<I<IV
Shown in figure is a Post Office box. In order to calculate
the value of external resistance, it should be connected

between (2004S)
C B A
;;,'.“:i*.i;:i:::::
D v H
&
(@ BandC (b) AandD
(¢) CandD (d BandD

Six identical resistors are connected as shown in the figure.

The equivalent resistance will be (2004S)
R
P AN 0
R R
R R
R

(a) Maximum between P and R

(b) Maximum between Q and R

(¢) Maximum between P and Q

(d) All are equal

A capacitor is charged using an external battery with a
resistance x in series. The dashed line shows the variation
of In I with respect to time. If the resistance is changed to
2x, the new graph will be (2004S)

20.

21.

22,

23.

24.

25.

(@ P
b) © In
(© R

@ S
Find out the value of current through 2Q resistance for the

given circuit. (2005S)
—_— Q 10Q —_
10V § > 0 § 20V
20
MW
(a) zero (b) 24
(c) 54 (d) 44

A 4 pF capacitor, a resistance of 2.5 MQ is in series with
12 V battery. Find the time after which the potential difference
across the capacitor is 3 times the potential difference across

the resistor. [Given 1n(2)=0.693] (2005S)
(a) 13.86s (b) 6.93s
() 7s (d) 14s

A moving coil galvanometer of resistance 100 Q is used as
an ammeter using a resistance 0.1 Q. The maximum
deflection current in the galvanometer is 100 pA. Find the
minimum current in the circuit so that the ammeter shows

maximum deflection (2005S)
(a) 100.1mA (b) 1000.1mA
(¢) 1001mA (d) 1.01mA

An ideal gas is filled in a closed rigid and thermally insulated
container. A coil of 100 Q resistor carrying current 1 A for 5
minutes supplies heat to the gas. The change in internal

energy of the gas is (2005S)
(@ 10k (b) 30KJ
(c) 20KkJ d) OoKkJ

Ifa steady current I is flowing through a cylindrical element
ABC. Choose the correct relationship

A 2r B
1 r C
— I
| ¢ N
< A > 12

@ V=2V
(b) Power across BC is 4 times the power across AB

(¢) Current densities in AB and BC are equal

(d) Electric field due to current inside AB and BC are equal
A resistance of 2Q is connected across one gap of a metre-
bridge (the length of the wire is 100 cm) and an unknown
resistance, greater than 2Q, is connected across the other
gap. When these resistances are interchanged, the balance
point shifts by 20 cm. Neglecting any corrections, the
unknown resistance is
(@ 3Q

() 5Q

(b) 4Q
d) 6Q

(2007)
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A circuit is connected as shown in the figure with the switch
S open. When the switch is closed, the total amount of

charge that flows from Yto X'is (2007)
3uF Ma
11 il
i i
S
3Q 6Q
— AW
i
9V
@ O (b) 54uC
() 27uC (d) 81uC

Figure shows three resistor configurations R;, R, and R,
connected to 3V battery. If the power dissipated by the
configuration R, R, and R, is P,, P, and P;, respectively,
then —

=

>

IQ 2
<

-3

P>

IO 3
-

>

=

=

>

=<
=
>
IQ =
=
>
=
>
<
=

Ry

(@ P >P,>P;

(b) P,>P;>P, B
() P,>P >P,
(d) P;>P,>P

(2008)

Incandescent bulbs are designed by keeping in mind that
the resistance of their filament increases with the increase
in temperature. If at room temperature, 100 W, 60 W and
40 W bulbs have filament resistances R, R, and Ry,
respectively, the relation between these resistances is

1 1
a = +
@ Rioo  Ra Reo

(b) Rygo=Ry*Rgy (2010)

(© Rygp>Rgp> Ry

29.

30.

31.

To verify Ohm’s law, a student is provided with a test resistor
R, ahighresistance R, a small resistance R,, two identical
galvanometers G, and G,, and a variable voltage source V.
The correct circuit to carry out the experimentis ~ (2010)

(d)

R,
L7

%
Consider a thin square sheet of side L and thickness ¢, made
of a material of resistivity p. The resistance between two
opposite faces, shown by the shaded areas in the figure is
(2010)

(a) directly proportional to L
(b) directly proportional to ¢ l
LW/

T<—L—>

(¢) independent of L

(d) independent of ¢

A meter bridge is set up as shown, to determine an unknown
resistance ‘X’ using a standard 10 ohm resistor. The
galvanometer shows null point when tapping-key is at 52
cm mark. The end-corrections are 1 cm and 2 cm respectively
for the ends A and B. The determined value of ‘X’ is

(2011)
< 10Q
Cfl\/\l/l o~ o] [o L]
A B
@ 1020hm (b) 10.60hm
(¢) 10.80hm (d 11.1chm
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During an experiment with a metre bridge, the galvanometer
shows a null point when the jockey is pressed at 40.0 cm
using a standard resistance of 90 Q, as shown in the figure.
The least count of the scale used in the metre bridge is Imm.
The unknown resistance is (JEE Adv. 2014)

R 90 Q

e =
I

400 cm
(@ 60x£0.15Q (b) 135£0.56 Q

(c) 60+0.25Q (d) 135+£0.23Q
An infinite line charge of uniform electric charge density A
lies along the axis of an electrically conducting infinite
cylindrical shell of radius R. At time t = 0, the space inside
the cylinder is filled with a material of permittivity € and
electrical conductivity . The electrical conduction in the
material follows Ohm's law. Which one of the following
graphs best describes the subsequent variation of the
magnitude of current density j(t) at any point in the material?
(JEE Adv. 2016)

i j®

(@) (b)
ot ot
0,0) (0, 0)
it it
©) ) K
0.0 " 00 Y

Capacitor C, of capacitance 1 micro-farad and capacitor C,

of capacitance 2 microfarad are separately charged fully by

a common battery. The two capacitors are then separately

allowed to discharge through equal resistors at time 1= 0.

(1989 - 2 Marks)

(@ The current in each of the two discharging circuits is
zeroatt=0.

(b) The currents in the two discharging circuits at =0 are
equal but not zero.

(c) The currents in the two discharging circuits at =0 are
unequal.

(d) Capacitor C,, losses 50% of its initial charge sooner
than C, loses 50% of its initial charge.

Read the following statements carefully: (71993-2 Marks)

Y: The resistivity of a semiconductor decreases with
increase of temperature.

Z: In a conducing solid, the rate of collisions between
free electrons and ions increases with increase of
temperature

Select the correct statement(s) from the following;

(@) Yistruebut Zis false (b)Y is false but Zis true

(¢) Both Yand Zare true (d) Y is true and Z is the

correct reason for ¥

In the circuit shown in Figure the current through

(1998S - 2 Marks)

3Q 20 2Q
AMA—

v _—  3m § ;0S40

<

—AM\ ANV
20 20 20

(@) the3 Qresistoris 0.50 A.

(b) the3 Qresistoris 0.25A.

(c) the4 Qresistoris 0.50 A

(d) thed Qresistoris 0.25A.

When a potential difference is applied across, the current

passing through (1999S - 3 Marks)

(a) aninsulator at 0K iszero

(b) asemiconductor at 0K is zero

(c) ametal at 0K is finite

(d) ap-ndiodeat 300K is finite, if it is reverse biased

For the circuit shown in the figure (2009)
2kQ 2 R,
1 N
24V 6kQ SRy R 2 1.5kQ

(a) the current / through the battery is 7.5 mA

(b) the potential difference across R, is 18 V

(c) ratio of powers dissipated in R, and R, is 3

(d) ifR, and R, are interchanged, magnitude of the power
dissipated in R, will decrease by a factor of 9

For the resistance network shown in the figure, choose the

correct option(s) (2012-1)

AAAAA
vvvvv

2Q 2Q

4Q’\_WM_/4Q
Q 4Q T

Ly
l I

(@) The current through PQ is zero.

(b) I,=3A

(c) The potential at S is less than that at Q.
@ L,=2A
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Heater of an electric kettle is made of a wire of length L and
diameter d. It takes 4 minutes to raise the temperature of
0.5 kg water by 40 K. This heater is replaced by a new heater
having two wires of the same material, each of length L and
diameter 2d. The way these wires are connected is given in
the options. How much time in minutes will it take to raise the
temperature of the same amount of water by 40 K?

(JEE Adv. 2014)
(a) 4ifwiresareinparallel (b) 2 ifwires are in series
(¢) lifwiresareinseries (d) 0.5ifwiresarein parallel
Two ideal batteries of emf V'; and V, and three resistances
Ry, R, and R, are connected as shown in the figure. The
current in resistance R, would be zero if  (JEE Adv. 2014)

(@ Vi,=V,andR|=R,=R,

(b) Vi=V,andR;=2R, =R,

(© V,=2V,and2R,=2R, =R,

(d) 2V,=V,and2R;=R,=R,

In an aluminium (Al) bar of square cross section, a square
hole is drilled and is filled with iron (Fe) as shown in the
figure. The electrical resistivities of Al and Fe are 2.7 x 108
Qmand 1.0 x 10~7 Q m, respectively. The electrical resistance
between the two faces P and Q of the composite bar is

(JEE Adv. 2015)

2475
—uQ AT
(@ o "
1875
1875 o
® g *
1875 o
© ——uQ
2475 mi P
(d) 13—2119 “7Tmm

An incandescent bulb has a thin filament of tungsten that is
heated to high temperature by passing an electric current.
The hot filament emits black—body radiation. The filament
is observed to break up at random locations after a
sufficiently long time of operation due to non—uniform
evaporation of tungsten from the filament. If the bulb is
powered at constant voltage, which of the following
statement(s) is(are) true? (JEE Adv. 2016)
(@ The temperature distribution over the filament is
uniform

(b) The resistance over small sections of the filament
decreases with time

(¢) The filament emits more light at higher band of
frequencies before it breaks up

(d) The filament consumes less electrical power towards
the end of the life of the bulb

. In the circuit shown below, the key is pressed at time t=0.

Which of the following statement(s) is(are) true?

(JEE Adv. 2016)
40 uF\/

25 kQ

N +“—
Ke
y 5V

(@) The voltmeter displays —5V as soon as the key is
pressed, and displays +5V after a long time

(b) The voltmeter will display OV at time t = 1n 2 seconds

(¢) The current in the ammeter becomes 1/e of the initial
value after 1 second

(d) The current in the ammeter becomes zero after along
time.

Subjective Problems

A heater is designed to operate with a power of 1000 watts
in a 100 volt line. It is connected in a combinations with a
resistance of 10 ohms and a resistance R to a 100 volts
mains as shown in the figure. What should be the value of
R so that the heater operates with a power of 62.5 watts.

(1978)

10Q R

100V
Ifa copper wire is stretched to make it 0.1% longer what is
the percentage change in its resistance? (1978)
All resistances in the diagram below are in ohms. Find the
effective resistance between the points 4 and B.  (1979)

In the diagram shown find the potential difference between
the points 4 and B and between the points B and C in the
steady state. (1979)
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. B " (i) the potential difference across the terminals of each
3uf - i cellsGand H
3uf == luf == A I: B
ll (f
1 —_ -
100 Fe - A
200 | 100V I
A—wwww— H H —3¢ A —e

A battery of emf 2 volts and internal resistance 0.1 ohm is
being charged with a current of 5 amps. (1980)
In what direction will the current flow inside the battery?
What is the potential difference between the two terminal of
the battery?

State ohm’s law.

In the circuit shown in figure, a voltmeter reads 30 volts
when it is connected across 400 ohm resistance. Calculate
what the same voltmeter will read when it is connected across
the 300 ohm resistance. ( 1980)

MW

3002 40002

In the circuit shown in fig E| =3 volts, E, = 2 volts, E;= 1
voltand R=r, =r,=r;=1ohm. (1981 - 6 Marks)

() Find the potential difference between the points A and
B and the currents through each branch.

(i) Ifr, is short circuited and the point 4 is connected to
point B, find the currents through E|, E, E; and the
resistor R.

Calculate the steady state current in the 2-ohm resistor

shown in the circuit in the figure. The internal resistance of

the battery is negligible and the capacitance of the

condenser Cis 0.2 microfarad. (1982 - 5 Marks)
20

A
AAAAALS

AAAAAA
VYV

C 4Q

L

28Q

_|

. V=6VOLIS
In the circuit shown in figure E, F, G Hare cellsof emf2, 1, 3

and 1 volt respectively, and their internal resistances are 2,
1, 3 and 1 ohm respectively. (1984 - 6 Marks)
Calculate :

(i) the potential difference between B and D and

10.

11.

A part of ciucuit in a stegt;iy state along with the currents
flowing in the branches, the values of resistances etc., is
shown in the figure. Calculate the energy stored in the
capacitor C (4pF) (1986 - 4 Marks)

v 30 50
~ RN S VWAL
24

3V 1Q
| VMWW~
2A p 20 40

1A

An infinite ladder network of resistances is constructed with
al ohm and 2 ohm resistances, as shown in fig.
(1987 - 7 Marks)

A

1Q

1Q

1Q 1Q

WY

W

12.

I

B I

The 6 volt battery between 4 and B has negligible internal

resistance :

(i) Show that the effective resistance between 4 and B is
2 ohms.

(i) What is the current that passes through the 2 ohm
resistance nearest to the battery ?

In the given circuit

E, =3E, = 2E; =6 volts Ry = 2R, =6 ohms
Ry = 2Ry =4 ohms C=5uf.
Find the current in R, and the energy stored in the capacitor.

2Q 2Q 20

AARAAARA
Yuvvvyyy

AAAAAARA
uveyyy

AAAAAARA
yuyvyyyy

(1988 - 5 Marks)

Ry E,
— it |
¢l
| HW———wh—
Ey, Ry R3
TE, R,
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An electrical circuit is shown in Fig. Calculate the potential
difference across the resistor of400 ohm, as will be measured
by the voltmeter V of resistance 400 ohm, either by applying
Kirchhoff’s rules or otherwise. (1996 - 5 Marks)

®
400Q
ANAA, AN, AAAA,
1000 1000 200Q
[2 1 > AAAA
| 100Q
1
< L
1 10V

In the circuit shown in Figure, the battery is an ideal one,

with emf V. The capacitor is initially uncharged. The switch

Sisclosed at time 1=0. (1998 - 8 Marks)

(a) Find the charge Q on the capacitor at time ¢.

(b) Find the current in 4B at time ¢. What is its limiting
valueas t > oo :

A thin uniform wire 4B of length 1m, an unknown resistance
X and a resistance of 12 Q are connected by thick
conducting strips, as shown in the figure. A battery and a
galvanometer (with a sliding jockey connected to it) are
also available. Connections are to be made to measure the
unknown resistance X using the principle of Wheatstone
bridge. Answer the following questions. (2002 - 5 Marks )

Bl OR—

A B C D

16.

17.

18.

19.

(a) Are there positive and negative terminals on the
galvanometer?

(b) Copy the figure in your answer book and show the
battery and the galvanometer (with jockey) connected
at appropriate points.

How a battery is to be connected so that the shown rheostat

will behave like a potential divider? Also indicate the points

about which output can be taken. (2003 - 2 Marks)

[
. A AA A °
A R B
Drawthe circuit diagram to verify Ohm’s Law with the help
of a main resistance of 100 Q and two galvanometers of
resistances 10° Q and 1073 Q and a source of varying emf.
Show the correct positions of voltmeter and ammeter.
(2004 - 4 Marks)
An unknown resistance X is to be determined using
resistances R,, R, or R,. Their corresponding null points
are A, B and C. Find which of the above will give the most
accurate reading and why? (2005 - 2 Marks)

R=R1 orRzorR3

4 B C

In the given circuit, the switch S'is closed at time #=0. The
charge O on the capacitor at any instant ¢ is given by
O(t) = Q(1 — e). Find the value of 9 and a. in terms of
given parameters as shown in the circuit.

(2005 - 4 Marks)

@== R,

F Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the statements in Column-I1 are
labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions

have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

P qQqr s t

0000
®0OO®
QO0OG®
©®OOO®

Dawm >

Column I gives some devices and Column II gives some processes on which the functioning of these devices depend. Match
the devices in Column I with the processes in Column II and indicate your answer by darkening appropriate bubbles in the 4 x

GP_3020

4 matrix given in the ORS. (2007)
Column1 Column II

(A) Bimetallic strip (p) Radiation from a hot body

(B) Steam engine (qQ) Energy conversion

(C©) Incandescent lamp (r) Melting

(D) Electric fuse (s)

Thermal expansion of solids
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Comprehension Based Questions

PASSAGE
Electrical resistance of certain materials, known as
superconductors, changes abruptly from a nonzero value
to zero as their temperature is lowered below a critical
temperature 7,(0). An interesting property of
superconductors is that their critical temperature becomes
smaller than 7,(0) ifthey are placed in a magnetic field, i.e.,
the critical temperature 7~ (B) is a function of the magnetic
field strength B. The dependence of 7-(B) on B is shown in

the figure. (2010)
T-(B) A
—>
T(0)
9 B

In the graphs below, the resistance R of a superconductor is
shown as a function of its temperature T for two different
magnetic fields B, (solid line) and B, (dashed line). If B, is
larger than B, which of the following graphs shows the
correct variation of R with T in these fields?

s
-’
’
s,

B,
R R (/

1

1

|

(a) B2 r ¢ B 1 (b)

=
\\ ﬂ
=
e
\
AY
A\
\

© B, | B, (d)

0]

T 0]

A superconductor has 7. (0) = 100 K. When a magnetic
field of 7.5 Tesla is applied, its 7,- decreases to 75 K. For this
material one can definitely say that when

(@ B=5Tesla, T, (B)=80K

(b) B=5Tesla, 75K <T.(B)<100K

() B=10Tesla, 75K <T,(B)<100K

(d) B=10Tesla, 7,.(B)=70K

Assertion & Reason Type Questions

STATEMENT-1: In a Meter Bridge experiment, null point
for an unknown resistance is measured. Now, the unknown
resistance is put inside an enclosure maintained at a higher
temperature. The null point can be obtained at the same
point as before by decreasing the value of the standard
resistance.

STATEMENT-2 : Resistance of a metal increases with
increase in temperature. (2008)

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

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement- 1

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

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

I Integer Value Correct Type

When two identical batteries of internal resistance 1Q2 each
are connected in series across a resistor R, the rate of heat
produced in Ris J;. When the same batteries are connected
in parallel across R, the rate is J,. If J; = 2.25 J, then the
value of R in Q is (2010)
Attime =0, a battery of 10 V is connected across points
A and B in the given circuit. If the capacitors have no
charge initially, at what time (in sceonds) does the voltage
across them become 4 V? [Take : In5=1.6, n3=1.1](2010)

2MQ 2uF

—e
B

2MQ

Two batteries of different emfs and different internal
resistances are connected as shown. The voltage across

AB in volts is (2011)
6V 10
|t AW
O— —O
A B
1 AN
3v 20

A galvanometer gives full scale deflection with 0.006 A
current. By connecting it to a 4990 Q resistance, it can be
converted into a voltmeter ofrange 0 — 30 V. If connected to

2n . .
a ——Qresistance, it becomes an ammeter of range 0—1.5A.

249
The value of  is (JEE Adv. 2014)
In the following circuit, the current through the resistor

R(=2Q)islamperes. The value of /is (JEE Adv. 2015)

R(Z2Q)) 10
AMAAA AMAAA
YVVVYY VYVYVY
)
= =
6Q= =20
—— - -
6.5V 4Q
AMMA
YYVVvy
= 1002 =
=
120 = 240
E =
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Section-B

If an ammeter is to be used in place of a voltmeter, then we
must connect with the ammeter a [2002]
(a) lowresistance in parallel

(b) highresistance in parallel

(c) high resistance in series

(d) lowresistance in series.

A wire when connected to 220 V mains supply has power
dissipation P,. Now the wire is cut into two equal pieces
which are connected in parallel to the same supply. Power

dissipation in this case is P,. Then P, : P, is [2002]
@ 1 (b 4
(© 2 @ 3

Ifa current is passed through a spring then the spring will
(@) expand (b) compress [2002]
(c) remainssame (d) none of these.

Ifin the circuit, power dissipation is 150 W, then R is

R

AARA I

20
|
15V

@ 2Q (b 6Q
© 5Q @ 4Q
The mass of product liberated on anode in an electrochemical
cell depends on [2002]
@ (" (b It

(c) It (dy

(where ¢ is the time period for which the current is passed).

[2002]

If ;, is the inversion temperature, Q  is the neutral

temperature, @ , is the temperature of the cold junction,
then [2002]

(@ 6,+6.=6, (® 0,-6,=20,

0; +6
@ “2C-0, @ 6.-6=20,
The length of a wire ofa potentiometer is 100 cm, and the e.
m.f. ofits standard cell is E volt. It is employed to measure
the e.m.f. of a battery whose internal resistance is 0.5Q. If
the balance point is obtained at 1 = 30 cm from the positive

end, the e. m.f. of the battery is [2003]
30E 30F

@ 1505 ® {100-0.5)
30(E -0.5i) 30E

© 100 @ oo

where i is the current in the potentiometer wire.

JEE Main / GIEEE

8.

10.

11.

12.

13.

The thermo e.m.f. of athermo -couple is 25 Vv /° C at room
temperature. A galvanometer of 40 ohm resistance, capable

of detecting current as low as 1073 A, is connected with
the thermo couple. The smallest temperature difference that

can be detected by this system is [2003]
@ 16°C (b) 12°C
(¢) g°c (d 20°C

The negative Zn pole of a Daniell cell, sending a constant
current through a circuit, decreases in mass by 0.13g in 30
minutes. If the electeochemical equivalent of Zn and Cu are
32.5 and 31.5 respectively, the increase in the mass of the

positive Cu pole in this time is [2003]
(@ 0.180g (b) 0.141g
(c) 0.126g (d) 0242¢g

An ammeter reads upto 1 ampere. Its internal resistance is
0.81ohm. To increase the range to 10 A the value of the

required shunt is [2003]
(@) 003Q (b) 03Q
(c) 09Q (d) 009Q

A 3 volt battery with negligible internal resistance is
connected in a circuit as shown in the figure. The current I,
in the circuit will be [2003]

3Q
“— 30
] k1%
3Q
@@ 1A (b) 15A
© 2A (d 13A
A 220 volt, 1000 watt bulb is connected across a 110 volt
mains supply . The power consumed will be [2003]
(@) 750 watt (b) 500 watt
(¢) 250 watt (d) 1000 watt

The total current supplied to the circuit by the battery is

[2004]
6\ a
= 3Q

(b) 2A
d) 6A

(@ 4A
(© 1A
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The resistance of the series combination of two resistances
is S. when they are joined in parallel the total resistance is P.
If S = nP then the Minimum possible value of n is
(@ 2 (b) 3

(c) 4 @ 1

An electric current is passed through a circuit containing
two wires of the same material, connected in parallel. Ifthe

[2004]

4 2
lengths and radii arein the ratio of 3 and 3 then the ratio

of the current passing through the wires will be

[2004]
@ 89 (b) 173
() 3 d 2
In a meter bridge experiment null point is obtained at 20 cm.
from one end of the wire when resistance X is balanced
against another resistance Y. If X < ¥, then where will be the
new position of the null point from the same end, if one
decides to balance a resistance of 4 X against ¥

(a) 40cm (b) 80cm [2004]
(¢) S0cm (d) 70cm
The termistors are usually made of [2004]

(a) metal oxides with high temperature coefficient of
resistivity

(b) metals with high temperature coefficient of resistivity

(c) metals with lowtemperature coefficient of resistivity

(d) semiconducting materials having low temperature
coefficient of resistivity

Time taken by a 836 W heater to heat one litre of water from

10°C t0 40°C is [2004]
@ 150s (b) 100s
(©) 50s (d) 200s

The thermo emf of a thermocouple varies with the temperature

0 of the hot junction as £ = ab + 62 in volts where the
ratio a/b is 700°C. Ifthe cold junction is kept at 0°C, then the
neutral temperature is [2004]
(@) 1400°C

(b) 350°C

(c) 700°C

(d) Noneutral temperature is possible for this termocouple.

The electrochemical equivalent of a metal is 3.35 109 kg

per Coulomb. The mass of the metal liberated at the cathode

when a 3A current is passed for 2 seconds will be

(@ 6.6x105kg (b) 9.9x107kg

(c) 19.8x107kg (d) 1.1x107kg

Two thin, long, parallel wires, separated by a distance ‘d’

carry a current of ‘i” 4 in the same direction. They will
[2005]

[2004]

(@) repel each other with a force of poiz /(2nd)

(b) attract each other with a force of i 2 /(2nd)

22.

23.

24.

25.

26.

(c) repel each other with a force of i 2 /2nd?)

(d) attract each other with a force of uoi2 /(2nd 2)

A heater coil is cut into two equal parts and only one part is
now used in the heater. The heat generated will now be

(a) four times (b) doubled [2005]
(c) halved (d) one fourth

In the circuit , the galvanometer G shows zero deflection. If
the batteries A and B have negligible internal resistance, the

value of the resistor R will be - [2005]
500 Q A\
Q)
1 _12v
12VT3 R ar
(@ 100Q (b) 200Q
(c) 1000Q (d 5000

A moving coil galvanometer has 150 equal divisions. Its
current sensitivity is 10-divisions per milliampere and voltage
sensitivity is 2 divisions per millivolt. In order that each
division reads 1 volt, the resistance in ohms needed to be

connected in series with the coil will be - [2005]
(@ 10° (b) 103
(c) 9995 (d) 99995

Two sources of equal emf are connected to an external
resistance R. The internal resistance of the two sources are
R,and R, (R, > R,). If the potential difference across the

source having internal resistance R, iszero, then
@ R=R,-R

(b)) R= Ry x(R +Ry)(Ry - Ry)

(©) R=RR,/(R,-R)

(d R=RR (R -Ry)

Two voltameters, one of copper and another of silver, are

joined in parallel. When a total charge g flows through the
voltameters, equal amount of metals are deposited. If the

[2005]

electrochemical equivalents of copper and silver are Z; and

Z, respectively the charge which flows through the silver

voltameter is [2005]
@ —Z b —2
Z, 4
1+== 1+—
Zl Z2
Z, Z
- d —_—
© 0 @ a7
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In a potentiometer experiment the balancing with a cell is at
length 240 cm. On shunting the cell with a resistance of 2Q,
the balancing length becomes 120 ¢cm. The internal

resistance of the cell is [2005]
(@ 0.5Q ®) 10
© 20 d 40

The resistance of hot tungsten filament is about 10 times
the cold resistance. What will be the resistance of 100 W

and 200 V lamp when not in use ? [2005]
(@ 200 (b) 40Q
(c) 200Q (d) 400Q

An energy source will supply a constant current into the
load ifits internal resistance is [2005]

(a) verylarge as compared to the load resistance

(b) equal to the resistance of the load

(c) non-zero but less than the resistance of the load

(d) zero

The Kirchhoff's first law (£i=0) and second law (ZiR=ZXE),

where the symbols have their usual meanings, are

respectively based on 12006]

(a) conservation of charge, conservation of momentum

(b) conservation of energy, conservation of charge

(c) conservation of momentum, conservation of charge

(d) conservation of charge, conservatrion of energy

Amaterial 'B' has twice the specific resistance of '4'. A circular

wire made of'B' has twice the diameter of a wire made of'4'.

then for the two wires to have the same resistance, the ratio

I/l of their respective lengths must be [2006]
1
@ 1 ®) 5
- d 2
© o @

A thermocouple is made from two metals, Antimony and
Bismuth. If one junction of the couple is kept hot and the
other is kept cold, then, an electric current will

[2006]
(@) flowfrom Antimony to Bismuth at the hot junction
(b) flow from Bismuth to Antimony at the cold junction
(c) now flow through the thermocouple
(d) flow from Antimony to Bismuth at the cold junction
The current I drawn from the 5 volt source will be
[2006]

34.

35.

36.

37.

38.

39.

(@ 033A (b) 05A

(c) 067A d) 0.17A

The resistance of a bulb filmanet is 1002 at a temperature of
100°C. If its temperature coefficient of resistance be 0.005
per °C, its resistance will become 200 Q at a temperature of
(a) 300°C (b) 400°C [2006]
(c) 500°C (d) 200°C

In a Wheatstone's bridge, three resistances P, Q and R
connected in the three arms and the fourth arm is formed by
two resistances S| and S, connected in parallel. The
condition for the bridge to be balanced will be

[2006]
P_ 2R P RS +Sy)

@ 975 +s, ® 97 s,
P_R(S+Sy) P__R

© 0 258, 0 §+8S,

An electric bulb is rated 220 volt - 100 watt. The power
consumed by it when operated on 110 volt will be
(@ 75watt (b) 40 watt
(c) 25watt (d) 50 watt
A battery is used to charge a parallel plate capacitor till the

[2006]

potential difference between the plates becomes equal to
the electromotive force of the battery. The ratio of the energy
stored in the capacitor and the work done by the battery will

be [2007]
@ 12 b) 1

(© 2 d) 14

The resistance ofa wire is 5 ohm at 50°C and 6 ohm at 100°C.
The resistance of the wire at 0°C will be [2007]
(a) 3ohm (b) 2ohm

(¢) 1lohm (d) 4ohm

Shown in the figure below is a meter-bridge set up with null
deflection in the galvanometer.

55Q R
% U
g ﬁf 7
20 cm—>
i 3 0—o0

The value of the unknown resistor R is [2008]
(@ 1375Q (b) 220Q
(¢ 110Q d 550
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DIRECTIONS : Question No. 40 and 41 are based on the following
paragraph.

Consider a block of conducting material of resistivity ‘p’ shown
in the figure. Current ‘I’ enters at ‘A’ and leaves from ‘D’. We
apply superposition principle to find voltage ‘AV’ developed
between ‘B’ and ‘C’. The calculation is done in the following
steps:

®
(i)

(iii)
(iv)

40.

41.

42.

Take current ‘I’ entering from ‘A’ and assume it to spread
over a hemispherical surface in the block.

Calculate field E(r) at distance ‘r’ from A by using Ohm’s law
E = pj, where j is the current per unit area at ‘r’.

From the ‘r’ dependence of E(r), obtain the potential V(r) at .
Repeat (i), (i1) and (iii) for current ‘I’ leaving ‘D’ and superpose
results for ‘A’ and ‘D’.

AV measured between B and C is [2008]
pl B pl pL B pl

@ na mw(a+b) a (a+b)
el Wel B/

© oma 2na+5) YD 2m@a-bp)

For current entering at A4, the electric field at a distance ‘»’

fromAis [2008]
p! pl

@ 32 ®
pl pl

© 2nr? @ 4mr?

A 5V battery with internal resistance 2Q and a
2V battery with internal resistance 1Q are connected to a

10Q resistor as shown in the figure. [2008]
N P2
oT 100 T

43.

44.

45.

46.

47.

48.

The current in the 10Q resistor is

(@ 027AP,toP, (b) 0.03AP,toP,

(c) 0.03AP,toP, (d 027AP,toP,

Let C be the capacitance of a capacitor discharging through
a resistor R. Suppose t, is the time taken for the energy
stored in the capacitor to reduce to halfits initial value and
t, isthe time taken for the charge toreduce to one-fourth its

initial value. Then the ratiot,/t, will be [2010]
I b) =

@ ®) -
1 8 2

© 5 @

Two conductors have the same resistance at 0°C but their
temperature coefficients of resistance are o and o, . The

respective temperature coefficients of their series and parallel

combinations are nearly [2010]
o +0ay o +0y
(@ ,0 + 0y (b) o +ay,
2 2
oGy o+, 0o +0,
o +0y,
() % +ta g+ 05 (d) )
If a wire is stretched to make it 0.1% longer, its resistance
will [2011]

(a) increase by 0.2% (b) decrease by 0.2%
(c) decrease by 0.05% (d) increase by 0.05%
Two electric bulbs marked 25W - 220 V and
100W — 220V are connected in series to a 440 V supply.

Which of the bulbs will fuse? [2012]
(a) Both (b) 100W
(c) 25W (d) Neither

The supply voltage to room is 120V. The resistance of the

lead wires is 6Q. A 60 W bulb is already switched on. What

is the decrease of voltage across the bulb, when a 240 W

heater is switched on in parallel to the bulb?

(@) zero (b) 29Volt [JEE Main2013]

(¢) 13.3Volt (d) 10.04 Volt

This questions has Statement I and Statement II. Of the four

choices given after the Statements, choose the one that

best describes into two Statements. [JEE Main 2013

Statement-I : Higher the range, greater is the resistance of

ammeter.

Statement-11 : To increase the range of ammeter, additional

shunt needs to be used across it.

(a) Statement-I is true, Statement-II is true, Statement-II is
the correct explanation of Statement-1.

(b) Statement-I is true, Statement-II is true, Statement-II is
not the correct explanation of Statement-1.

(c) Statement-I istrue, Statement-II is false.

(d) Statement-I is false, Statement-II is true.
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In a large building, there are 15 bulbs of 40 W, 5 bulbs of
100 W, 5 fans of 80 W and 1 heater of 1 kW. The voltage of
electric mains is 220 V. The minimum capacity of the main fuse

ofthe building will be: [JEE Main2014]
(@ 8A (b) 10A
(c) 12A d) 14A

When 5V potential difference is applied across a wire of length
0.1 m, the drift speed of electrons is 2.5 x 1074 ms™!. If the
electron density in the wire is 8 x 1028 m™3, the resistivity of
the material is close to [JEE Main 2015]
(@ 1.6x10°Qm (b) 1.6x10°5Qm

() 1.6x108Qm (d) 1.6x107Qm

In the circuit shown, the current in the 1Q resistor is :

6V

P20 [JEE Main 2015|
10 +9V

30 Q 3Q

(@ 0.13A,fromQtoP (b) 0.13A, fromPtoQ
(¢) 1.3AfromPtoQ (d) 0A

52. The temperature dependence of resistances of Cu and

undoped Si in the temperature range 300-400 K, is best
described by : [JEE Main 2016
(a) Linear increase for Cu, exponential decrease of Si.

(b) Linear decrease for Cu, linear decrease for Si.

(c) Linear increase for Cu, linear increase for Si.

(d) Linear increase for Cu, exponential increase for Si.
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JEE Advanced/ IIT-JEE

I Section-A

6.
A Fill in the Blanks

A neutron, a proton, and an electron and an alpha particle
enter a region of constant magnetic field with equal velocities.
The magnetic field is along the inward normal to the plane
of the paper. The tracks of the particles are labelled in fig.
The electron follows track ...... and the alpha particle follows
(1984- 2 Marks)

X X
X X
X X
X X

X X

A wire of length L metre, carrying a current i ampere is bent
in the form of a circle. The magnitude of its magnetic moment
iS........ in MKS units. (1987 - 2 Marks)
In a hydrogen atom, the electron moves in an orbit of radius
0.5 A making 10'6 revolutions per second. The magnetic
moment associated with the orbital motion of the electron is
............ (1988 - 2 Marks)
The wire loop PORSP formed by joining two semicircular
wires of radii R, and R, carries a current / as shown. The
magnitude of the magnetic induction at the centre C is
(1988 - 2 Marks)

SR C o'r
A wire ABCDEF (with each side of length L) bent as shown
in figure and carrying a current / is placed in a uniform
magnetic induction B parallel to the positive y-direction.

The force experienced by the wire is ............. inthe...........
direction. (1990 - 2 Marks)
“A D
e
c A
I
F
y “E
>y
B e A

1.

A metallic block carrying current I is subjected to a uniform
magnetic induction B as shown in Figure .

B

Y
RSN
i/ BERuRY//E Ny
VARRRRY /AN
)
BRRR%

The moving charges experience a force F given by .... which
results in the lowering of the potential of the face .... Assume
the speed of the carriers to be v. (1996 - 2 Marks)

B True/False

No net force acts on a rectangular coil carrying a steady
current when suspended freely in a uniform magnetic field.
(1981- 2 Marks)
There is no change in the energy of a charged particle
moving in a magnetic field although a magnetic force is
actingon it. (1983 - 2 Marks)
A charged particle enters a region of uniform magnetic field
atan angle of 85° tothe magnetic line of force . The path of
the particle is a circle. (1983 - 2 Marks)
An electron and a proton are moving with the same kinetic
energy along the same direction. When they pass through
a uniform magnetic field perpendicular to the direction of
their motion, they describe circular paths of the same radius.
(1985 - 3 Marks)

C MCQs with One Correct Answer

A conducting circular loop of radius # carries a constant

current 7. It is placed in a uniform magnetic field By such
that EO is perpendicular to the plane of the loop. The
magnetic force acting on the loop is (1983 - 1 Mark)
(@ irB, (b) 2mirB,

(c) zero (d) mirB,

A battery is connected between two points 4 and B on the
circumference of a uniform conducting ring of radius r and
resistance R. One of the arcs 4B of the ring subtends an
angle 0 at the centre. The value of the magnetic induction at
the centre due to the current in the ring is (1995S)
(a) proportional to2 (180°-0)

(b) inversely proportional tor
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(c) zero, onlyif®=180°

(d) zero for all values of ©

A proton, a deuteron and an «. - particle having the same
kinetic energy are moving in circular trajectories in a constant
magneticfidd. Ifrp, r »and r_ denote respectively the radii
of the trajectories of these particles, then (1997 - 1mark)
@ r =r<r ) r>r>r

(© rz=rd> rZ (d) r:=r:=ra

A circular loop of radius R, carrying current /, lies in x-y
plane with its centre at origin. The total magnetic flux through
x-y plane is (1999S - 2 Marks)
(a) directly proportional to /

(b) directly proportional to R

(c) inversely proportional to R

(d) zero

A charged particle is released from rest in a region of steady
and uniform electric and magnetic fields which are parallel
to each other. The particle will move in a (1999S - 2 Marks)
(a) straightline (b) circle

(¢) helix (d) cycloid

A particle of charge q and mass m moves in a circular orbit
ofradius r with angular speed o . Theratio ofthe magnitude
of its magnetic moment to that of its angular momentum
depends on (2000S)
(@ wandg b) o,gandm

(c) gandm (d oandm

Two long parallel wires are at a distance 2d apart. They
carry steady equal currents flowing out of the plane of the
paper, as shown. The variation of the magnetic field B along

the line XX is given by (20008)
B B
(@) X'J =u o—=x (b) x Q ,kxv
oV
B
/N *
() x=—0 o—=x (d) x o ;
PV

An infinitely long conductor POR is bent to form a right
angle as shown in Figure. A current / flows through POR.
The magnetic field due to this current at the point Mis H,.
Now, another infinitely long straight conductor QS is
connected at Q so that current is 7/2 in QR as well as in 0S,
the current in PQ remaining unchanged. The magnetic field
at Mis now H,. The ratio H,/H, is given by (2000S)

M

90,0
P 900 S

+ 00

) 1
@ 2

@ 12
© 23

10.

11.

12.

13.

An ionized gas contains both positive and negative ions. If

it is subjected simultaneously to an electric field along the

+x-direction and a magnetic field along the +z-direction, then

(a) positive ions deflect towards +y-direction and negative
ions towards -y direction (2000S)

(b) all ions deflect towards +y-direction

(c) all ions deflect towards —y-direction

(d) positive ions deflect towards —y-direction and negative
ions towards + y-direction.

A non-planar loop of conducting wire carrying a current / is

placed as shown in the figure. Each of the straight sections

of the loop is of length 2a. The magnetic field due to this

loop at the point P(a, 0, a) points in the direction (2001S)

@ %(—5‘”9)
(b)

© %(ﬁf”?)

d

Two particles 4 and B of masses m, and m respectively
and having the same charge are moving in a plane. A uniform
magnetic field exists perpendicular to this plane. The speeds
of the particles are v, and v, respectively and the trajectories

are as shown in the figure. Then (2001S)
¢ et ® o
[ ] L) L] [ ] [ ]
[ ] ° B L] [ ]
o [ ] m [ ] [ ]
[ ] [ ] [ ] [ ] [ ]

@ my,<mgvg (b)y myv,>mgv,

() my<mgandv,<vp (d) my,=mzandv, =v,
A coil having N turns is wound tightly in the form of a spiral
with inner and outer radii @ and b respectively. When a
current / passes through the coil, the magnetic field at the

center is (2001S)
NI 2u, NI
(a) u"T (b) L
a
38 NI b }loIN a
[ ]n _ —_— ln —_
© 2(b-a) a @ 2(b-a) b

A particle of mass m and charge ¢ moves with a constant
velocity v along the positive x-direction. It enters a region
containing a uniform magnetic field B directed along the
negative z-direction, extending from x = a to x = b. The
minimum value of v required so that the particle can just

enter the region x > b is (2002S)
abB gb-a)B

@ ® T
@ q(b+a)B

© @ S5

Downloaded From : www.EasyEngineering.net

GP_3020


http://Easyengineering.net
http://Easyengineering.net

Moving Charges and Magnetism
14.

15.

16.

17.

Downloaded From : www.EasyEngineering.net

o P-131

A long straight wire along the Z-axis carries a current I in the

negative Z-direction. The magnetic vector field g atapoint

having coordinates (x, y) in the Z=0 plane is (2002S)
@ Mol (37 - ) ) ol (xi +j)
w[Fr) ()
© Bol (;CJ —yzf) @ M (x - 37)
Zn(x +y ) 2n(x2+y2)

The magnetic field lines due to a bar magnet are correctly

shown in (2002S)

N
(@) (b)

S S

N
\NF

© it ) }

S S

For a positively charged particle moving in a x-y plane initially
along the x-axis, there is a sudden change in its path due to
the presence of electric and/or magnetic fields beyond P.
The curved path is shown in the x-y plane and is found to be
non-circular. Which one of the following combinations is
possible? (2003S)

(@) E=O;E=bf+cl€
(b)
() E=0,B=c+bk >

x‘
(d) E:ai;E=Cé+b} \

A conducting loop carrying a current /is placed in a uniform
magnetic field pointing into the plane of the paper as shown.
The loop will have a tendency to (2003S)

ai;B =ck+ai

&
I

I
I
L
I
:

N
%

(a) contract (b) expand
(c¢) movetowards +ve x-axis (d) move towards -ve x-axis.

B

®

I

18.

19.

20.

A current carrying loop is placed in a uniform magnetic field
in four different orientations, I, II, IIl & I'V arrange them in

the decreasing order of Potential Energy (2003S)

i ( )
L —> B
I @ >B

n
m > B
)
i

v y > B

@ I>M>I>IV (b) I>MI>MI>IV
(¢ I>IV>I>II (d) M>IV>I>II
An electron travelling with a speed u along the positive x-

axis enters into a region of magnetic field where B=-B,, k
(x>0). It comes out of the region with speed v then (2004S)

(a v=uaty>0 @
(b) v=wuaty<0 _
() v>uaty>0
(d) v>uaty<0

®B

X—>

A magnetic field B= Boj , exists in the region a <x <2a,
and B= —BO}‘ , in the region 2a < x < 3a, where B is a
positive constant. A positive point charge moving with a

velocity v = vof , where v is a positive constant, enters the
magnetic field at x = a. The trajectory of the charge in this

region can be like (2007)
4
By
G a 2a 3a +
_Bo\
(@ a[ > (b) ékaa X
© e O

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

21.

22.

23.

24.

Downloaded From : www.EasyEngineering.net

Topic-wise Solved Papers - PHYSICS

A thin flexible wire of length L is connected to two adjacent
fixed points and carries a current I in the clockwise direction,
as shown in the figure. When the system is put in a uniform
magnetic field of strength B going into the plane of the
paper, the wire takes the shape of a circle. The tension in the

wire is (2010)
XXX XXX XX
s B oL BL
@ O— ©5, @

Along insulated copper wire is closely wound as a spiral of
‘N’ turns. The spiral has inner radius ‘e’ and outer radius
‘b’. The spiral lies in the XY plane and a steady current I
flows through the wire. The Z-component of the magnetic
field at the centre of the spiral is (2011)

MoNI b

[ Y
® 26-a) “(Z)
wNI (bta
®) 2(1())—a) ﬂn(b—a) V(&
X

O\
(C)Tﬁn (;)

RN (b+a

(d) b L’n(b_a)

A loop carrying current / lies in the x-y plane as shown in

the figure. The unit vector k is coming out of the plane of
the paper. The magnetic moment of the current loop is
(2012)

(a) Al k y
T 2 B
i’ x
© —(3+1)a21k i
2
(d @r+1)a’lk
An infinitely long hollow conducting cylinder with inner

radius R/2 and outer radius R carries a uniform current
density along its length. The magnitude of the magnetic

field,
is best represented by

B| asa function of the radial distance r from the axis
(2012)

@) |3 (b) 3

0 R/? R 7

© [3

0

I» I MCQs with One or More than One Correct

A magnetic needle is kept in a non uniform magnetic field. It
experiences (1982 - 3 Marks)
(a) aforce and a torque
(b) aforce but not a torque
(c) atorque but not a force
(d) neither a force nor a torque
A proton moving with a constant velocity passes through
a region of space without any change in its velocity. If £
and B represent the electric and magnetic fields
respectively, this region of space may have :

(1985 - 2 Marks)
(@ E=0,B=0 (b) E=0,B=0
(c) E=+0,B=0 d E£0,B=z0
A rectangular loop carrying a current i is situated near a
long straight wire such that the wire is parallel to one ofthe
sides of the loop and is in the plane of the loop. If steady
current / is established in the wire as shown in the figure,
the loop will (1985 - 2 Marks)

Y

<
<

(a) rotate about an axis parallel to the wire

(b) move away from the wire

(c) move towards the wire

(d) remain stationary

Two thin long parallel wires seperated by a distance ‘b’ are

carrying a current ‘i’ amp each. The magnitude of the force

per unit lenght exerted by one wire on the other is

g g 2 (1986 - 2 Marks)
Hol 0 Kol Ho!

@ Moo e @ @t

Two particles X and Y having equal charges, after being

accelerated through the same potential difference, enter a

region of uniform magnetic field and describe circular paths

ofradii R, and R, respectively. The ratio of the mass of X to

that of Y is (1988 - 2 Marks)
@ (R /R)? (b Ry/R
© (R/R) d R/R.

A particle of charge + g and mass m moving under the
influence of a uniform electric field £{ and uniform magnetic
field B k follows a trajectory from P to Q as shown in fig,

The velocities at P and Q are vi and — 2v}' . Which of the
following statement (s) is/are correct? (1991 - 2 Marks)

p|lv £
T_ =S
a o8B
| o,
» X
< 2a » 2v
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) mv?
e

3
(b) Rate of work done by the electric field at P is %I:ﬂ}
a

(c) Rate of work done by the electric field at P is zero
(d) Rate of work done by both the fields at Q is zero

A microameter has a resistance of 100 QQ and a full scale
range of 50 pA . It can be used as a voltmeter or as a higher

range ammeter provided a resistance is added toit. Pick the
correct range and resistance combination (s)

(1991 - 2 Marks)
(@) 50 Vrange with 10 kQ resistance in series
(b) 10V range with 200 kQ resistance in series
(c) 5mA range with 1Q resistance in parallel
(d) 10 mA range with 1Q resistance in parallel
A current I flows along the length of an infinitely long,
straight, thin-walled pipe. Then (1993-2 Marks)
(@) the magnetic field at all points inside the pipe is the

same, but not zero.
(b) the magnetic field at any point inside the pipe is zero
(c) the magnetic field is zero only on the axis of the pipe
(d) themagnetic field is different at different points inside
the pipe.

H*, He* and O™ all having the same kinetic energy pass
through a region in which there is a uniform magnetic field
perpendicular to their velocity. The masses of H*, He* and
O are 1 amu, 4 amu and 16 amu respectively. Then

(1994 - 2 Marks)
(@) H*will be deflected most
(b) O will be deflected most
(c) He*and O% will be deflected equally
(d) all will be deflected equally
Two particles, each of mass m and charge g, are attached to
the two ends of a light rigid rod of length 2R. The rod is
rotated at constant angular speed about a pependicular axis
passing through its centre. The ratio of the magnitudes of
the magnetic moment of the system and its angular
momentum about the centre of therod is (1998S - 2 Marks)

q q 2q q

@ - ® © -, @ —

Two very long, straight, parallel wires carry steady currents

I & -1 respectively. The distance between the wires is d. At

a certain instant of time, a point charge q is at a point

equidistant from the two wires, in the plane of the wires. Its

instantaneous velocity v is perpendicular to this plane. The

magnitude of the force due to the magnetic field acting on

the charge at this instant is (1998S - 2 Marks)
Holgv Holgv 2p0lgv

@ — - & — © —;7 @O0

The following field line can never represent (2006 - 5M, —1)

(@) induced electric field

(b) magnetostatic field

(c) gravitational field of a mass at rest

(d) electrostatic field

13.

14.

15.

A long current carrying wire, carrying current I, such that I,

is flowing out from the plane of paper is placed at O. A
steady state current I, is flowing in the loop ABCD

C (2006 - 5M, -1)

B

; I

0
AN, / ¢
1~
A
D

(a) the net force is zero

(b) the net torque is zero

(c) asseen from O, the loop will rotate in clockwise along
00 axis

(d) as seen from O, the loop will rotate in anticlockwise
direction along OO' axis

A particle of mass m and charge q, moving with velocity v

enters Region II normal to the boundary as shown in the

figure. Region IT has a uniform magnetic field B perpendicu-

lar to the plane of the paper. The length of the Region I is ¢

Choose the correct choice(s). (2008)

Region IT | Region III

X X X X X X

Region |

X X X X X X

o—>— T X X X X XX

V X X X X X X

X X X X X X

/

(@) The particle enters Region III only if its velocity
q/B
V>—

m
(b) The particle enters Region III only if its velocity
q/B
V<—

m
(c) Pathlength ofthe particle in Region II is maximum when
. _q(B
velocity V= o
(d) Time spent in Region II is same for any velocity v as
long as the particle returns to Region I
Two metallic rings 4 and B, identical in shape and size but
having different resistivities p , and p,, are kept on top of
two identical solenoids as shown in the figure. When current
1 1s switched on in both the solenoids in identical manner,
the rings 4 and B jump to heights 4, and h, respectively,
with h, > hy. The possible relation(s) between their
resistivities and their masses m, and myis(are)  (2009)
A B

(e
(e

@ py>pgandm,=mg (b) p,<pgand m, =my
© py>pgandm,>my (d) p,<pgandm, <my,
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An electron and a proton are moving on straight parallel
paths with same velocity. They enter a semi infinite region
of uniform magnetic field perpendicular to the velocity.
Which of the following statement(s) is / are true? (2011)
(@) They will never come out of the magnetic field region.
(b) They will come out travelling along parallel paths.

(¢) Theywill come out at the same time.

(d) Theywill come out at different times.

Consider the motion of a positive point charge in a region
where there are simultaneous uniform electric and magnetic

fields E = EO} and B= Boj, At time ¢ =0, this charge has

velocity 7 in the in the x-y plane, making an angle 0 with the

x-axis. Which of the following option(s) is (are) correct for

time ¢>07? (2012)

(@) If0=0°, the charge moves in a circular path in the x-z
plane.

(b) If 6 = 0°, the charge undergoes helical motion with
constant pitch along the y-axis.

(c) If6=10°, the charge undergoes helical motion with its

pitch increasing with time, along the y-axis.

(d) 1f0=90°, the charge undergoes linear but accelerated

motion along the y-axis.

A particle of mass M and positive charge O, moving with a

constant velocity U = 47 ms™!, enters a region of uniform

static magnetic field, normal to the x-y plane. The region of
the magnetic field extends from x =0 tox = L for all values of
y. After passing through this region, the particle emerges on
the other side after 10 milliseconds with a velocity

Uy = 2(\/52 + }') ms~!. The correct statement(s) is (are)

(JEE Adv. 2013)
(a) The direction of the magnetic field is — z direction
(b) The direction of the magnetic field is +z direction

50nM
30

100nM
(d) The magnitude of the magnetic field is T

(¢) The magnitude of the magnetic field units

units

A steady current I flows along an infinitely long hollow
cylindrical conductor of radius R. This cylinder is placed
coaxially inside an infinite solenoid of radius 2R. The
solenoid has n turns per unit length and carries a steady
current I. Consider a point P at a distance r from the common
axis. The correct statement(s)is (are)  (JEE Adv. 2013)
(@) Intheregion 0 <r <R, the magnetic field is non-zero
(b) Intheregion R<r<2R, the magnetic field is along the
common axis
(c) Intheregion R<r<2R, the magnetic field is tangential
to the circle of radius r, centered on the axis
(d) Intheregionr>2R, the magnetic field is non-zero
A conductor (shown in the figure) carrying constant current
Iiskept in the x-y plane in a uniform magnetic field B . If F'is
the magnitude of the total magnetic force acting on the
conductor, then the correct statement(s) is(are)

(JEE Adv. 2015)

21.

R T
N /6 /4 S %

L e ) 1 1 d 1

1 L 1 R 1 R 1 L 1

(@) If Bisalong z, Foc(L+R)

(b) If Bisalong 3,F=0

(c) If Bisalong y,Fo(L+R)

(d) If Bisalong 2,F=0

Consider two identical galvanometers and two identical
resistors with resistance R. If the internal resistance of the
galvanometers R . <R/2, which of the following statement(s)
about any one of the galvanometers is (are) true?

(JEE Adv. 2016)
The maximum voltage range is obtained when all the
components are connected in series
The maximum voltage range is obtained when the two
resistors and one galvanometer are connected in series,
and the second galvanometer is connected in parallel
to the first galvanometer
The maximum current range is obtained when all the
components are connected in parallel
The maximum current range is obtained when the two
galvanometers are connected in series and the
combination is connected in parallel with both the
resistors

@
(b)

©
(d)

E Subjective Problems

A bar magnet with poles 25 cm apart and of strength 14.4
amp-m rests with centre on a frictionless pivot. It is held in
equilibrium at an angle of 60° with respect to a uniform
magnetic field ofinduction 0.25 Wb/m?, by applying a force
F at right angles to its axis at a point 12 cm from pivot.
Calculate F. What will happen if the force F'is removed?
(1978)
A bar magnet is placed with its north pole pointing north
and its south pole pointing south. Draw a figure to show
the location of neutral points. (1979)
A potential difference of 600 volts is applied across the
plates of a parallel plate condenser. The separation between
the plates is 3 mm. An electron projected vertically, parallel
to the plates, with a velocity of 2 x 10® m/sec moves
undeflected between the plates. Find the magnitude and
direction of the magnetic field in the region between the
condenser plates. (Neglect the edge effects). (Charge of the
electron =— 1.6 x 1071 coulomb) (1981- 3 Marks)

600 VOLTS

+

+

+

+

+

+
1l
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Aparticle of mass m=1.6 x 102’kgand

charge g=1.6 x 10712 C enters a region ok oxox
of uniform magnetic field of strength F]* * * * *
1 tesla along the direction shown in reowoxo
fig. The speed of the particle is 107 m/ E : : : : :
s. (1) The magnetic field is directed % s % x
along the inward normal tothe plane  #5°l« « « « «

of the paper. The particle leaves the region of the field at the
point F. Find the distance EF and the angle 0. (ii) If the
direction of the field is along the outward normal to the
plane of the paper, find the time spent by the particle in the
region of the magnetic field after entering it at E.

(1984- 8 Marks)

A beam of protons with a velocity 4 x 10° m/sec enters a uniform
magnetic field of 0.3 tesla at an angle of 60° to the magnetic
field. Find the radius of the helical path taken by the proton
beam. Also find the pitch of the helix (which is the distance
travelled by a proton in the beam parallel to the magnetic field
during one period of rotation). (1986 - 6 Marks)
Two long straight parallel wires are A

2 metres apart, perpendicular to the &\,

plane of the paper (see figure). The L.

wire A carries a current of 9.6 amps, g
directed into the plane of the paper. T S
The wire B carries a current such o
that the magnetic field of induction B o‘/\'
. . 10
at the point P, at a distance of T 19, m
metre from the wire B, 1s zero. j,
Find : (1987 - 7 Marks) P

(1) The magnitude and direction of the current in B
(i) The magnitude of the magnetic field of induction at the
point S.

(i) The force per unit length on the wire B.
A pair of stationary and infinitely long bent wires are placed
in the XY plane as shown in fig. The wires carry currents of
i= 10 amperes each as shown. The segments L and M are
along the X-axis. The segments P and Q are parallel tothe Y-
axis such that OS= OR =0.02 m. Find the magnitude and
direction of the magnetic induction at the origin O.

(1989 - 6 Marks)

Y
A @
A i
Q
© . L R M 2.5 X
i PO S 1
ii
S

Two long parallel wires carrying current 2.5 amperes and I
ampere in the same direction (directed into the plane ofthe
paper ) are held at P and Q respectively such that they are
perpendicular to the plane of paper. The points P and Q are

10.

11.

located at a distance of 5 metres and 2 metres respectively
from a collinear point R (see figure) (1990 - 8 Marks)
«——5m —>

«<2ms>
P Q R
-—®----Q®----0—-.......... - X
25A 1A

(i) Anelectron moving with a velocity of 4 x 103 m/s along
the positive x - direction experiences a force of
magnitude 3.2 x 10720 N at the point R. Find the value
of L.

(i) Find all the positions at which a third long parallel wire
carrying a current of magnitude 2.5 amperes may be
placed so that the magnetic induction at R is zero.

A wire loop carrying a current I is placed in the x-y plane as

shown in fig. (1991 - 4 + 4 Marks)

_______

(a) Ifaparticle with charge +Q and mass m is placed at the
centre P and given a velocity v along NP (see figure),

find its instantaneous acceleration.
(b) If an external uniform magnetic induction field

B =Biis applied, find the force and the torque acting

on the loop due to this field.
A straight segment OC (of length L meter) of a circuit carrying
acurrent / amp is placed along the x-axis (Fig.). Two infinetely
long straight wires 4 and B, each extending from z= —o0 to
+o0 , are fixed at y =— a meter and y= + a meter respectively,
as shown in the figure.

O s"<
os]
W~
@)
v

Ifthe wires 4 and B each carry a current / amp into the plane
of the paper, obtain the expression for the force acting on
the segment OC. What will be the force on OC if the current
(1992 - 10 Marks)

in the wire B isreversed ?

An electron gun G emits
electrons of energy 2keV
travelling in the positive x-
direction. The electrons are
required to hit the spot S where
GS=0.1m, and the line GS makes
an angle of 60° with the x-axis as
shown in the fig. A uniform

- —
magnetic field B parallel to GS exists. Find B parallel to
GS exists in the region outside the electron gun. Find the
minimum value of B needed to make the electrons hit S.

(1993-7 Marks)
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A long horizontal wire AB, which is free to move in a vertical
plane and carries a steady current of 204, is in equilibrium at
aheight of 0.01 m over another parallel long wire CD which
is fixed in a horizontal plane and carries a steady current of
304, as shown in figure . Show that when 4B is slightly
depressed, it executes simple harmonic motion. Find the
period of oscillations. (1994 - 6 Marks)

A B

C D
An electron in the ground state of hydrogen atom is
revolving in anticlock-wise direction in a circular orbit of
radius R. (1996 - 5 Marks)
(i) Obtain an expression for -
the orbital magnetic B
dipole moment of the t
electron. n
(i) The atom is placed in a
uniform  magnetic

induction B such that 40

the plane-normal of the
electron-orbit makes an
angle of 30° with the
magnetic induction. Find
the torque experienced
by the orbiting electron.

Three infinitely long thin wires, each carrying current i in
the same direction, are in the x-y plane of a gravity free
space. The central wire is along the y-axis while the other
two arealongx==d.
(1) Find the locus of the points for which the magnetic
field B is zero. (1997 - 5 Marks)
(i) Ifthe 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.
A uniform, constant /,
4

magnetic field B isdirected i,

at an angle of 45° to the x S R

axis in the xy-plane. PORS

isarigid, square wire frame / / /
carryinga steady current [, 0 X

with its centre at the origin
O. Attime t=0, the frame is

SNV

at rest in the position as P Q

shown in Figure, with its

sides parallel tothe x and y axes. Each side of the frame is of

mass M and length L.

(@) What is the torque T 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 interval of time Az, and
the axis about this rotation occurs. (At is so short that
any variation in the torque during this interval may be
neglected.) Given : the moment of inertia of the frame
about an axis through its centre perpendicular to its

4
plane is EMLZ. (1998 - 8 Marks)

16.

17.

18.

The region between x =0 and x = L is filled with uniform,
steady magnetic field BOIG . A particle of mass m, positive

charge q and velocity VO; travels along x-axis and enters

the region of the magnetic field. Neglect gravity throughout
the question. (1999 - 10 Marks)
(a) Find the value of L if the particle emerges from the
region of magnetic field with its final velocity at angle
30° toits initial velocity.

Find the final velocity of the particle and the time spent
by it in the magnetic field, if the magnetic field now
extendsup to2.1L.

A circular loop of radius R is bent along a diameter and
given a shape as shown in the 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 the origin. Current / is flowing
through each of the semi circles as shown in figure.

(b

(a) A particle of charge g is released at the origin with a
velocity v = —vof . Find the instantaneous force F
on the particle. Assume that space is gravity free.

(b

If an external uniform magnetic field B 0}' is applied,
determine the force E and f?’; on the semicircles KLM

and KNM due to the field and the net force F on the

loop. (2000 - 10 Marks)
A current of 10 A flows around a closed path in a circuit
which is in the horizontal plane as shown in the figure. The
circuit consists of eight alternating arcs of radii 7, =0.08 m
and , = 0.12 m. Each arc subtends the same angle at the
center.

(a) Find the magnetic field produced by this circuit at the
center. (2001-10 Marks)
(b) Aninfinitely long straight wire carrying a current of 10
A is passing through the center of the above circuit
vertically with the direction of the current being into
the plane ofthe circuit. What is the force acting on the
wire at the center 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 center?
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19. A wheel of radius R having charge Q, uniformly distributed ~ 20. A proton and an a-particle are accelerated with same

on the rim of the wheel is free to rotate about a light horizontal potential difference and they enter in the region of constant
rod. The rod is suspended by light inextensible strings and magnetic field B perpendicular to the velocity of particles.
a magnetic field B is applied as shown in the figure. The Find the ratio of radius of curvature of proton to the radius
initial tensions in the strings are T;,. If the breaking tension of curvature of a. - particle. (2004 - 2 Marks)
3, 21. In a moving coil galvanometer, torque on the coil can be
of the strings are T , find the maximum angular velocity expressed as ¢ = f; , where 11s current through the wire and
. . k is constant. The rectangular coil of the galvanometer having
@ with which the wheel can be rotated. (2003 - 4 Marks) number of turns N, area A and moment of inertia / is placed
d in magnetic field B. Find (2005 - 6 Marks)

(a) kinterms of given parameters N, I, A and B
(b) the torsion constant of the spring, if a current i,

1T, 1T, produces a deflection of n/2 in the coil.
N (¢) themaximum angle through which the coil is deflected,
D if charge Q is passed through the coil almost
! instantaneously. (ignore the damping in mechanical
I [ L( [ I I B oscillations).

F Match the Following

DIRECTIONS (Qs. 1-3) : Each question contains statements given in two columns, which have to be P qQr s t
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are

labelledp, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE @ @ @ o o
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions @@0@ @
have to be darkened as illustrated in the following example : Q@@@ @
Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of @ @ @ o @
bubbles will look like the given.

Oawm»

1. Match the following columns : (2006, 6M)

Column I Column I1

(A) Dielectric ring uniformly charged (p) Constant electrostatic field out of system

(B) Dielectric ring uniformly charged (q) Magnetic field strength
rotating with angular velocity ©

(C) Constant current in ring i (r) Electric field (induced)

(D) i=icosot (s) Magnetic dipole moment

2. Column I gives certain situations in which a straight metallic wire of resistance R is used and Column II gives some resulting

effects. Match the statements in Column I with the statements in Column II and indicate your answer by darkening appropriate

bubbles in the 4 x 4 matrix given in the ORS. (2007)
Column I Column 11

(A) A charged capacitor is connected to the ends of (p) A constant current flows through the wire
the wire

(B) The wire is moved perpendicular to its length with (q) Thermal energy is generated in the wire

a constant velocity in a uniform magnetic field
perpendicular to the plane of motion

(C) The wire is placed in a constant electric field that (r) A constant potential difference develops between the ends
has a direction along the length of the wire of the wire

(D) A battery of constant emf is connected to the (s) charges of constant magnitude appear at the ends of the
ends of the wire. wire

3. Two wires each carrying a steady current I are shown in four configurations in Column I. Some of the resulting effects are

described in Column II. Match the statements in Column I with the statements in column II and indicate your answer by

darkening appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007)
Column I Column II

(A) Point P is situated midway between the wires. (p) The magnetic fields (B) at P due to the currents

P 0: in the wires are in the same direction.
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(B) Point P is situated at the mid-point of the
line joining the centers of the circular
wires, which have same radii.

(C) Point P is situated at the mid-point of the
line joining the centers of the circular
wires, which have same radii.

P

(D) Point P is situated at the common center
of'the wires.

G Comprehension Based Questions

PASSAGE-1

Advanced countries are making use of powerful electromagnets
to move trains at very high speed. These trains are called maglev
trains (abbreviated from magnetic levitation). These trains float
on a guideway and do not run on steel rail tracks.
Instead of using a engine based on fossil fuels, they make use of
magnetic field forces. The magnetized coils are arranged in the
guide way which repels the strong magnets placed in the train's
under carriage. This helps train move over the guideway , a technic
called electro-dynamic suspension. When current passes in the
coils of guideway , a typical magnetic field is set up between the
undercarriage of train and guideway which pushes and pull the
train along the guideway depending on the requirement.
The lack of friction and its aerodynamic style allows the train to
more at very high speed.
1. The levitation of the train is due to (2006 - 5M, -2)
(@) Mechanical force (b) Electrostatic attraction
(c) Electrostaticrepulsion (d) Magnetic repulsion
2.  The disadvantage of maglev trains is that (2006 - 5M, -2)
(@) More friction (b) Less pollution
(c) Less wear & tear (d) Highinitial cost

3. The force which makes maglev move (2006 - 5M, -2)
(a) Gravitational field (b) Magnetic field
(¢) Nuclear forces (d) Airdrag

PASSAGE-2

The figure shows a circular loop of radius a with two long parallel
wires (numbered 1 and 2) all in the plane ofthe paper. The distance
of each wire from the centre of the loop is d. The loop and the wire
are carrying the same current /. The current in the loop is in the
counterclockwise direction if seen from above.

(@) The magnetic fields (B) at P due to the currents
in the wires are in opposite directions.

(r) There is nomagnetic field at P.

(s) The wires repel each other.

: i R

4. When d = a but wires are not touching the loop, it is found
that the net magnetic field on the axis of the loop is zero at a
height 4 above the loop. In that case (JEE Adv. 2014)
(a) currentin wire 1 and wire 2 in the direction PQ and RS,

respectively and A~ a
(b) currentin wire 1 and wire 2 in the direction PQ and SR,

respectively and A~ a
(c) currentin wire 1 and wire 2 in the direction PQ and SR,

respectively and A~ 1.2a
(d) currentin wire 1 and wire 2 in the direction PQ and RS,

respectively and A~ 1.2a
5. Consider d >> a, and the loop is rotated about its diameter
parallel to the wires by 30° from the position shown in the
figure. If the currents in the wires are in the opposite
directions, the torque on the loop at its new position will be
(assume that the net field due to the wires is constant over

the loop). (JEE Adv. 2014)
@ i o) Bole
d 2d
\/§u012a2 \/511012(12
) ——— d —> -
d 2d
PASSAGE-3

In a thin rectangular metallic strip a constant current / flows along
the positive x-direction, as shown in the figure. The length, width
and thickness of the strip are ¢, w and d, respectively.

A uniform magnetic field B is applied on the strip along the
positive y-direction. Due to this, the charge carriers experience a
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net deflection along the z-direction. This results in accumulation
of charge carriers on the surface PORS and appearance of equal
and opposite charges on the face opposite to PORS. A potential
difference along the z-direction is thus developed. Charge
accumulation continues until the magnetic force is balanced by
the electric force. The current is assumed to be uniformly
distributed on the cross-section of the strip and carried by
electrons.

/

v
o K
st -
R X
.d e\ z

P o

6. Consider two different metallic strips (1 and 2) of the same
material. Their lengths are the same, widths are w, and w,
and thicknesses are d;| and d, respectively. Two points K
and M are symmetrically located on the opposite faces parallel
to the x-y plane (see figure). V| and V, are the potential
differences between K and M in strips 1 and 2, respectively.
Then, for a given current I flowing through them in a given
magnetic field strength B, the correct statement(s) is(are)

(JEE Adv. 2015)
(@ Ifw,=w,andd, =2d,,then V, =2V,
(b) Ifw,=w,andd, =2d,,thenV,=V,
(© Ifw,=2w,andd, =d,, then V, =2V,
(d Ifw,=2w,andd,=d,, thenV, =V,

7. Consider two different metallic strips (1 and 2) of same
dimensions (length /, width w and thickness d) with carrier
densities n; and n,, respectively. Strip 1 is placed in magnetic
field B, and strip 2 is placed in magnetic field B,, both along
positive y-directions. Then V, and V, are the potential
differences developed between K and M in strips 1 and 2,
respectively. Assuming that the current / is the same for
both the strips, the correct option(s) is(are) (JEE Adv. 2015)
(@ IfB,=B,andn,;=2n,,thenV, =2V,

(b) IfB,=B,andn,=2n,thenV,=V,
(c) IfB,=2B,andn,=n,,thenV,=0.5V,
(d IfB;=2B,andn;=n,, thenV, =V,

H Assertion & Reason Type Questions

1.  Statement-1 : The sensitivity of a moving coil galvanometer
is increased by placing a suitable magnetic material as a
core inside the coil.
and
Statement-2 : Soft iron has a high magnetic permeability
and cannot be easily magnetized or demagnetized. (2008)
(a) Statement-1 is True, Statement-2 is True; Statement-2

isa correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

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

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

I Integer Value Correct Type

A steady current / goes through a wire loop PQR having
shape of a right angle triangle with PQ = 3x, PR=4x and QR
= 5x. Ifthe magnitude of the magnetic field at P due to this

loop is k(“—olj ,find the value of &. (2009)
48mx

A long circular tube of length 10 m and radius
0.3 m carries a current / along its curved
surface as shown. A wire-loop of resistance -
0.005 ohm and ofradius 0.1 m is placed inside %

the tube with its axis coinciding with the axis

of the tube. The current varies as I = ,cos(300 7) where / is
constant. If the magnetic moment of the loop is N/ sin
(300 #), then ‘N’ is (2011)

A cylindrical cavity of diameter a exists inside a cylinder of
diameter 2a as shown in the figure. Both the cylinder and
the cavity are infinity long. A uniform current density J flows
along the length. If the magnitude of the magnetic field at

N
the point P is given by I Koa/, then the value of N is

(2012)

< 2a e
Two parallel wires in the plane of the paper are distance X[,
apart. 4 point charge is moving with speed u between the
wires in the same plane at a distance X from one of the
wires. When the wires carry current of magnitude / in the
same direction, the radius of curvature of the path of the
point charge is R, . In contrast, if the currents / in the two
wires have directions opposite to each other, the radius of

. X R .
curvature of the path is R,. If 20 _ 3 the value of — is
X Ry

(JEE Adv. 2014)
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Section-B

Ifin a circular coil 4 of radius R, current / is flowing and in

another coil B of radius 2R a current 2/ is flowing, then the

ratio of the magnetic fields B, and B, produced by them

will be [2002]

(@ 1 (b) 2 © 12 d 4

If an electron and a proton having same momenta enter

perpendicular to a magnetic field, then [2002]

(@) curved path of electron and proton will be same
(ignoring the sense of revolution)

(b) they will move undeflected

(c) curved path of electron is more curved than that of the
proton

(d) path of proton is more curved.

Wires 1 and 2 carrying currents i, and i, respectively are

inclined at an angle § to each other. What is the force on a

small element dl of wire 2 at a distance of » from wire 1 (as

shown in figure) due to the magnetic field of wire 1?

[2002]

(b)

@ M0 Jtan6 B0y, disin®
21[" 12 27[r

(d

The time period of a charged particle undergoing a circular
motion in a uniform magnetic field is independent ofits

(a) speed (b) mass [2002]
(c) charge (d) magnetic induction

A particle of mass M and charge Q moving with velocity
vy describe a circular path of radius R when subjected to a

uniform transverse magnetic field of induction B. The work
done by the field when the particle completes one full circle

© 2%1112 dl cos® r—;riliz dl'sin®

is [2003]
2

@ {MVTJ 27R (b) zero

(¢) BQ2mR (d) BQv2nR

A particle of charge -16x1071® coulomb moving with

velocity 10ms™! along the x-axis enters a region where a
magnetic field of induction B is along the y-axis, and an

electric field of magnitude10*V/m is along the negative
z-axis. If the charged particle continues moving along the
x-axis, the magnitude of Bis [2003]

@ 10°wb/m? (b
© 10°wp/m? (d

10° Wb/ m?
1073 Wb/ m?

JEE Main / GIEEE

10.

11.

12.

13.

14.

A thin rectangular magnet suspended freely has a period of
oscillation equal to 7. Now it is broken into two equal halves
(each having half of the original length) and one piece is
made to oscillate freely in the same field. If its period of

!

oscillation is 7', the ratio T 1S [2003]

1 1 1
a) —— (b)) = c) 2 d) —
(@ ;i (b) 5 © (d 2
A magnetic needle lying parallel to a magnetic field requiers

W units of work to turn it through 60° . The torque needed

to maintain the needle in this position will be [2003]
@ Y Hw  © gw @ 2w
The magnetic lines of force inside a bar magnet ~ [2003]

(a) are from north-pole to south-pole of the magnet
(b) donot exist
(c) dependupon the area of cross-section of the bar magnet
(d) are from south-pole to north-pole of the Magnet
Curie temperature is the temperature above which

[2003]
(a) aferromagnetic material becomes paramagnetic
(b) aparamagnetic material becomes diamagnetic
(c) aferromagnetic material becomes diamagnetic
(d) aparamagnetic material becomes ferromagnetic
A current i ampere flows along an infinitely long straight
thin walled tube, then the magnetic induction at any point

inside the tube is [2004]
Ho 20
—.— tesl

@ Ty esla (b) zero
- L 2i

(c) infinite (d) ~ tesla

A long wire carries a steady current. It is bent into a circle of
one turn and the magnetic field at the centre of the coil is B.
It is then bent into a circular loop of n turns. The magnetic
field at the centre of the coil will be [2004]
(@ 2nB (b)) n*B () nB (d 2#*B
The magnetic field due to a current carrying circular loop of
radius 3 cm at a point on the axis at a distance of 4 cm from the
centre is 54 uT. What will be its value at the centre of loop?
[2004]
(@ 125uT (b) 150uT (c) 250uT (d) 75uT
Two long conductors, separated by a distance d carry current
I, and I, in the same direction. They exert a force F on each
other. Now the current in one of them is increased to two
times and its direction is reversed. The distance is also
increased to 3d. The new value of the force between them is
[2004]

2F

F F
@ -5 ®3 © 2F @ -3
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20.

21.

22.
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The length of a magnet is large compared to its width and
breadth. The time period of its oscillation in a vibration
magnetometer is 2s. The magnet is cut along its length into
three equal parts and these parts are then placed on each
other with their like poles together. The time period of this

combination will be [2004]
2 2
@ 23s () 3s © 2s @ 5

The materials suitable for making electromagnets should
have 12004
(@) high retentivity and low coercivity

(b) low retentivity and low coercivity

(c) highretentivity and high coercivity

(d) lowretentivity and high coercivity

Two concentric coils each of radius equal to 2 = cm are placed
atright angles to each other. 3 ampere and 4 ampere are the
currents flowing in each coil respectively. The magnetic

induction in Weber /m? at the centre of the coils will be

(],lo =47 x 10_7Wb/Am) [2005[
@ 107 (b) 12x107° (© 7x107° (d) 5x107
A charged particle of mass m and charge g travels on a
circular path of radius r that is perpendicular to a magnetic
field B. The time taken by the particle to complete one

revolution is [2005]
2ng’B 2nmgq 27nm 2ngB
@ HE=0p T @0 r @ 7
m qB
A magnetic needle is kept in a non-uniform magnetic field. It
experiences [2005]

(a) neither a force nor a torque

(b) atorque but not a force

(c) a force but not a torque

(d) a force and a torque

A uniform electric field and a uniform magnetic field are
acting along the same direction in a certain region. If an
electron is projected along the direction of the fields with a
certain velocity then [2005]
(a) itsvelocity will increase

(b) Its velocity will decrease

(c) it will turn towards left of direction of motion

(d) itwill turn towardsright of direction of motion
Needles N, N, and N, are made of a ferromagnetic, a
paramagnetic and a diamagnetic substance respectively. A
magnet when brought close to them will [2006]
(@) attract N, and N, strongly but repel N

(b) attract N, strongly, N, weakly and repel N, weakly
(c) attract N, strongly, but repel N, and N, weakly

(d) attract all three of them

In a region, steady and uniform electric and magnetic fields
are present. These two fields are parallel to each other. A
charged particle is released from rest in this region. The
path of the particle will be a [2006]
(@) helix (b) straightline

(c) ellipse (d) circle

23.

24.

25.

26.

27.

28.

29.

A long solenoid has 200 turns per cm and carries a current i.
The magnetic field at its centre is 6.28 x 102 Weber/m?.
Another long solenoid has 100 turns per cm and it carries a

i : . .
current 3 The value of the magnetic field at its centre is

[2006]
(@ 1.05x102Weber/m?  (b)  1.05x 10~5 Weber/m?
(¢) 1.05x103Weber/m*> (d) 1.05x 10~ Weber/m?
A long straight wire of radius a carries a steady current .
The current is uniformly distributed across its cross section.
The ratio of the magnetic field at a/2 and 2ais  [2007]
@ 12 (b) 1/4 (c) 4 d 1
A current I flows along the length of an infinitely long,
straight, thin walled pipe. Then 12007]
(a) the magnetic field at all points inside the pipe is the
same, but not zero
(b) the magnetic field is zero only on the axis of the pipe
(c) themagnetic field is different at different points inside
the pipe
(d) the magnetic field at any point inside the pipe is zero
A charged particle with charge g enters a region of constant,

uniform and mutually orthogonal fields E and B with a

velocity ¥ perpendicular toboth E and B , and comes out

without any change in magnitude or direction of ¥ . Then

(@ v=BxE/E? (b) v=ExB/B? [2007]

(c) v=BxE/B>  (d) v=ExB/E?

A charged particle moves through a magnetic field

perpendicular to its direction. Then [2007]

(a) kinetic energy changes but the momentum is constant

(b) the momentum changes but the kinetic energy is
constant

(c) both momentum and kinetic energy of the particle are
not constant

(d) both momentum and kinetic energy of the particle are
constant

Two identical conducting wires AOB and COD are placed at

right angles to each other. The wire AOB carries an electric

current /; and COD carries a current I,. The magnetic field

on a point lying at a distance d from O, in a direction

perpendicular to the plane of the wires AOB and COD, will

be given by [2007]

1
].1_0(11 +I2]5

27

Mo ;2412 b
@ S+ 1) (b) 7

1

© Zo(R2en?)2 @ 2o(n+1
21td(1 2) 21+ 12)
A horizontal overhead powerline isat height of 4m from the

ground and carries a current of 100A from east to west.
The magnetic field directly below it on the ground is
(Hy=4nx10"TmA™) [2008]
(@) 2.5x 1077 Tsouthward

(b) 5x 107 T'northward

() 5x 107 Tsouthward

(d) 2.5x 1077 Tnorthward
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30. Relative permittivity and permeability of a material €, and
1, , respectively. Which of the following values of these
quantities are allowed for a diamagnetic material? [2008]
@ €.=05np,=15 () g =15np.=05
© €=05up,=05 ) e =15un=15

DIRECTIONS : Question numbers 31 and 32 are based on the
following paragraph.

PASSAGE
A current loop ABCD is held fixed on the plane of the paper as
shown in the figure. The arcs BC (radius = b) and DA (radius = a)
of the loop are joined by two straight wires AB and CD. A steady
current / is flowing in the loop. Angle made by 4B and CD at the
origin O is 30°. Another straight thin wire with steady current /;
flowing out of the plane of the paper is kept at the origin.

2B

1, g 0"

[2009]

31. The magnitude of the magnetic field (B) due to the loop

ABCD at the origin (O) is :
u,I(b-a) [b a}
@ e ® x| e

© “0 - )+ (a+b)]

32. Dueto the presence of the current /; at the origin:
(@) The forces on AD and BC are zero.
(b) The magnitude of the net force on the loop is given by

(d) zero

—p.o[2(b a)+/(a+b]

(c) Themagnitude of the net force on the loop is given by
lJ'oH 1
——(b-a).
24ab ( )

(d) The forces on AB and DC are zero.

33. Two long parallel wires are at a distance 2d apart. They
carry steady equal currents flowing out of the plane of the
paper as shown. The variation of the magnetic field B along
the line XX' is given by [2010]

@ X

(b)Xj\éj r
g

A current / flows in an infinitely long wire with cross section
in the form of a semi-circular ring of radius R. The magnitude

of the magnetic induction along its axis is: [2011]
Mol Hol Hol Bol
(a) 2n2R ( ) 2R (C) 4nR (d) 1E2R

A charge Q is uniformly distributed over the surface ofnon-
conducting disc of radius R. The disc rotates about an axis
perpendicular to its plane and passing through its centre
with an angular velocity ®. As a result of this rotation a
magnetic field of induction B is obtained at the centre of the
disc. If we keep both the amount of charge placed on the
disc and its angular velocity to be constant and vary the
radius of the disc then the variation of the magnetic induction
at the centre of the disc will be represented by the figure :

[2012]
! !
B (b)B

‘IV zy
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39.

40.
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Proton, deuteron and alpha particle of same kinetic energy
are moving in circular trajectories in a constant magnetic
field. The radii of proton, deuteron and alpha particle are
Fespectively g and r,. Which one of the following relation
is correct? [2012]

@

© d =1a>1n

Two short bar magnets of length 1 cm each have magnetic
moments 1.20 Am? and 1.00 Am? respectively. They are
placed on a horizontal table parallel to each other with their
N poles pointing towards the South. They have a common
magnetic equator and are separated by a distance of 20.0
cm. The value ofthe resultand horizontal magnetic induction
at the mid-point O of the line joining their centres is close to
(Horizontal component of earth.s magnetic induction is 3.6x
10.5Wb/m?2) [JEE Main 2013]

(@) 3.6 x10.5Wb/m? (b) 2.56 x 10.4 Wb/m?

(¢) 350x104Wbm?  (d) 5.80x 104 Wb/m?

A conductor lies along the z-axis at —1.5<z<1.5m and

Ta =T, =1y (b) Ta=t, <1

T >3 > 1

carries a fixed current of 10.0 A in —a, direction (see figure).

For a field B=3.0x10e*** 4, T, find the power required
tomove the conductor at constant speed tox=2.0m,y=0m

in 5x107*s. Assume parallel motion along the x-axis.

[JEE Main 2014(

A
VA

=5+ B "y

2.0
Sl
X e
* Nl
“15

@ 157W () 2.97TW
©) 1485W d) 297W

The coercivity of a small magnet where the ferromagnet gets
demagnetized is 3x10°Am™'. The current required to be
passed in a solenoid of length 10 cm and number of turns 100,
so that the magnet gets demagnetized when inside the

solenoid, is: [JEE Main 2014]
(@) 30mA (b) 60mA
(©) 3A (d) 6A

Two long current carrying thin wires, both with current I, are
held by insulating threads of length L and are in equilibrium
as shown in the figure, with threads making an angle'6' with
the vertical. If wires have mass A per unit length then the
value of T is [JEE Main 2015]

(g = gravitational acceleration)

41.

®
nAgL
@ 2™ ane (b) ([ ——tan®
Ho Ko
: A
© sin6 | B (@) pging |-TAEL
Ho cos® Ko cosO

A rectangular loop of sides 10 cm and 5 cm carrying a current
1 of 12 A is placed in different orientations as shown in the

figures below : [JEE Main 2015]
A
] L4
| |
(A) .
I
o
A
B
|
®) I >y
1
X 1
I BT
|
© I >y
|
X

BTT
@) P >y
I
% I

Ifthere is a uniform magnetic field of 0.3 T in the positive z
direction, in which orientations the loop would be in (i) stable
equilibrium and (ii) unstable equilibrium ? [JEE Main 2015]
(a) (B)and (D), respectively

(b) (B)and (C), respectively

(¢) (A)and (B), respectively

(d) (A)and (C), respectively
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Two identical wires A and B, each of length '7, carry the
same current I. Wire A is bent into a circle of radius R and
wire B is bent to form a square of side 'a'. If B, and By are
the values of magnetic field at the centres of'the circle and

Ba
square respectively, then the ratio g is; [JEE Main 2016

Tl:2 7|:2
(@ 6 (b) PG
712 TE2
(©) 3 (d) 1642

A galvanometer having a coil resistance of 100 Q2 gives a
full scale deflection, when a currect of 1 mA is passed through
it. The value of the resistance, which can convert this
galvanometer into ammeter giving a full scale deflection for

acurrent of 10 A, is: [JEE Main 2016]
(@ 01Q2 (b) 30
() 0012 d 20

44. Hysteresis loops for two magnetic materials A and B are

given below : [JEE Main 2016

S
rd

N

/7 g A7
l//w A

(B)
These materials are used to make magnets for elecric
generators, transformer core and electromagnet core. Then
it is proper to use :
(a) A for transformers and B for electric generators.
(b) B for electromagnets and transformers.
(c) A for electric generators and trasformers.
(d) A for electromagnets and B for electric generators.
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15

A uniformly wound solenoidal coil of self inductance
1.8 x 10~ henry and resistance 6 ohm is broken up into two
identical coils. These identical coils are then connected in
parallel across a 15-volt battery of negligible resistance. The
time constant for the current in the circuit is ........... seconds
and the steady state current through the batteryis...............
amperes. (1989 - 2 Marks)
In a straight conducting wire, a constant current is flowing
from left to right due to a source of emf. When the source is
switched off, the direction of the induced current in the wire
(1993 - 1 Marks)

B True/False

Anem.f can be induced between the two ends of a straight
copper wire when it is moved through a uniform magnetic
field. (1980)
A coil of metal wire is kept stationary in a non-uniform
magnetic field. An e.m.£. is induced in the coil.
(1986 - 3 Marks)
A conducting rod 4B moves parallel to the x-axis (see Fig.)
in a uniform magnetic field pointing in the positive
z-direction. The end A4 of the rod gets positively charged.
y (1987 - 2 Marks)

© 0 O]
B
OvO O]
4
© O O]

0 X

C MCQs with One Correct Answer

A thin circular ring of area A4 is held perpendicular to a
uniform magnetic field of induction B. 4 small cut ismade in
the ring and a galvanometer is connected across the ends
such that the total resistance of the circuit is R. When the
ring is suddenly squeezed to zero area, the charge flowing

through the galvanometer is (1995S)
BR . AB mr @ B4
@~ ®% © @ —

Electromagnetic Induction

and Alternating Current

JEE Advanced/ IIT-JEE

A thin semi-circular conducting ring
of radius R is falling with its plane E
vertical in horizontal magnetic | = = = «x

induction B . At the position MNQ

X * b b
the speed of the ring is v, and the i
potential difference developed across | = m x
the ring is o 5
(a) zero

(b) BvnR?/2 and Mis at higher potential

(¢) mRBvand Qisathigher potential (1996 - 2 Marks)
(d) 2RBvand Q isat higher potential.

Two identical circular loops of metal wire are lying on a table
without touching each other. Loop-A carries a current which
increases with time. In response, the loop-B

(a) remains stationary (1999S - 2 Marks)
(b) is attracted by the loop-A

(c) isrepelled by the loop-A

(d) rotates about its CM, with CM fixed

A coil of inductance 8.4 mH and resistance 6 Q is connected
to a 12 V battery. The current in the coil is 1.0 A at
approximately the time (1999S - 2 Marks)
(@ 500s (b) 25s (c) 35ms (d) 1ms

A uniform but time-varying magnetic field B(f) exists in a
circular region of radius a and is directed into the plane of
the paper, as shown. The magnitude of the induced electric

field at point P at a distance r from the centre of the circular
region B(2) (20008 )

(a) iszero
(b) decreases as 1/r
(c) increases as r

(d) decreases as 1/#2

A coil of wire having inductance and resistance has a
conducting ring placed coaxially within it. The coil is
connected to a battery at time =0, so that a time-dependent
current 1,(7) starts flowing through the coil. If I,(7) is the
current induced in the ring, and B(¢) is the magnetic field at
the axis of the coil due to /;(#), then as a function of time
(¢>0), the product I,(¢) B(z) (20008 )
(a) increases with time

(b) decreases with time

(c) does not vary with time

(d) passes through a maximum
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A metallic square loop ABCD is moving in its own plane
with velocity v in a uniform magnetic field perpendicular to
its plane as shown in the figure. An electric field is induced

: A- : :B : (2001S)
L] L] > J:
[ ) ° DC [ )

(@ inA4D,butnotinBC  (b) inBC,butnotinAD
(c) neitherin ADnor in BC (d) inboth AD and BC
Two circular coils can be arranged in any of the three
situations shown in the figure. Their mutual inductance will
be (2001S)

= (0
> o> >
(a) (b) (©)

(a) maximum in situation (a) (b) maximum in situation (b)
(¢) maximum in situation (c) (d) the same in all situations
Asshown in the figure, P and Q are two coaxial conducting
loops separated by some distance. When the switch S is
closed, a clockwise current I, flows in P (as seen by E) and
an induced current /., flows in Q. The switch remains closed
for a long time. When S is opened, a current / ., flows in Q.
Then the direction /Q, and IQ, (as seen by E%re (2002S)

N
4

(a) respectively clockwise and anti-clockwise

(b) both clockwise

(c) both anti-clockwise

(d) respectively anti-clockwise and clockwise

A short-circuited coil is placed in a time-varying magnetic
field. Electrical power is dissipated due to the current induced
in the coil. Ifthe number of turns were to be quadrupled and
the wire radius halved, the electrical power dissipated would
be (20028 )
(a) halved (b) the same

(c) doubled (d) quadrupled

When an AC source of emf e = E|, sin(100¢) is connected
across a circuit, the phase difference between the emf e and

E
o

DS

Battery

the current i in the circuit is observed to be /4 , as shown

in the diagram. If the circuit consists possibly only of R-C
or R-L or L-C in series, find the relationship between the

two elements (2003S)
@ R=1kQ.C=10p0F | . .
//7‘\\ /7 \\
\ / 1o
A} I »
\ /
V

(b) R=1kQ,C=1pF
() R=1kQ,L=10H

d) R=1kQ,L=1H

12.

13.

14.

15.

A small bar magnet is being
slowly inserted with constant EEEE— \Q
velocity inside a solenoid as

shown in figure. Which graph best represents the
relationship between emf induced with time (2004S8)

emf

@) (b)

Time

emf
emf

© Time (@)

An infinitely long cylinder is kept parallel to an uniform
magnetic field B directed along positive z-axis. The
direction of induced current as seen from the z-axis will
be (2005S)
(a) zero

(b) anticlockwise of the +ve z axis

(c) clockwise ofthe +ve z axis

(d) alongthe magnetic field

Find the time constant (in ps) for the given RC circuits in the
given order respectively (2006 -3M, -1)

Time

R,
3

R, -
2 C 1

I i
G
©
R, G
B 1
.5% I
G
R =10, Ry =20, C, = 4yF, Cy = 2uF
184§b18§4 418§ d4§18
(a) ’99 () 99’ (c) > ’9 ()’9’

The figure shows certainwire x« %« X X = X X
.. ¢ d

segments joined together to
form a coplanar loop. The X ¢ X X X
loop is placed in a
perpendicular magnetic field X % kX X
in the direction going intothe % X
plane of the figure. The

X X X X X X

magnitude of the field
increases with time. /, and I, are the currents in the segments
ab and cd. Then, (2009)
(@ I,>1,

b I,<I,

(c) 1, isinthe direction ba and I, is in the direction cd
(d) 1, isinthe direction ab and I, is in the direction dc
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16. An AC voltage source of variable angular frequency  and

fixed amplitude V), is connected in series with a capacitance
C and an electric bulb of resistance R (inductance zero).
When @ is increased (2010)
(a) the bulb glows dimmer

(b) the bulb glows brighter

(c) total impedance of the circuit is unchanged

(d) total impedance of the circuit increases

| » Il MCQs with One or More than One Correct

L, C and R represent the physical quantities, inductance,
capacitance and resistance respectively. The combination(s)
which have the dimensions of frequency are (1984- 2 Marks)

@ VRC (b) RL © UJLC (d)CL

A conducting square loop of side L %

and resistance R moves in its plane ® @ g 8%
with a uniform velocity v ® ®®®
perpendicular to one of its sides. A ®® ® ® 8@
magnetic induction B, constant in @® OB By %%@
time and space, pointing Q@® ® BRe
perpendicular and into the plane of ®®

the loop exists everywhere. (1 989 - 2 Marks)

The current induced in the loop is:
(@) BLv/R clockwise (b) BLv/R anticlockwise
(¢c) 2BLv/Ranticlockwise (d) zero.

Two different coils have self-inductances L; = 8 mHand L,

=2 mH. The current in one coil is increased at a constant
rate. The current in the second coil is also increased at the
same constant rate. At a certain instant of time, the power
given to the two coils is the same. At that time, the current,
the induced voltage and the energy stored in the first coil
are i}, V, and W, respectively. Corresponding values for the
second coil at the same instant are #,, ¥, and W, respectively.
Then: (1994 - 2 Marks)

i 1 i w1 "

@ =7 ®;=f ©p =g @~

A small square loop of wire of side / is placed inside a large

square loop of wire of side L(L>>/). The loops are co-planar

and their centres coincide. The mutual inductance of the

system is proportional to (1998S - 2 Marks)

(@ UL (b) PIL (c) L/1 d L

The ST unit of inductance, the henry, can be written as
(1998S - 2 Marks)

(a) weber/ampere (b) volt-second/ampere

(c) joule/(ampere)? (d) ohm-second

A metal rod moves at a constant velocity in a direction

perpendicular to its length. A constant, uniform magnetic

field exists in space in a direction perpendicular to the rod

as well as its velocity. Select the correct statement(s) from

the following (1998S - 2 Marks)

(@) Theentire rod is at the same electric potential.

(b) There s an electric field in the rod.

(c) Theelectric potential is highest at the centre of the rod

and decreases towards its ends.
(d) The electric potential is lowest at the centre of the rod,
and increases towards its ends

7.

A series R— C circuit is connected to AC voltage source.
Consider two cases; (A) when C is without a dielectric
medium and (B) when C is filled with dielectric of constant 4.
The current I, through the resistor and voltage V., across
the capacitor are compared in the two cases. Which of the
following is/are true? (2011)

@ If>18 (b) I1§<IE

© vad>vE @ via<vk

In the given circuit, the AC source has ® = 100 rad/s.

Considering the inductor and capacitor to be ideal, the correct

choice(s) is (are) (2012)
100pF

4{

O05H 50Q

100Q

o N
(@) The current through the circuit, /is0.3 A.
(b) The current through the circuit, /is 0.3v2A

(c) The voltage across 100 Q resistor = 102V

(d) The voltage across 50 Q resistor = 10 V

A current carrying infinitely long wire is kept along the

diameter of a circular wire loop, without touching it, the

correct statement(s) is(are) (2012)

(@) The emf induced in the loop is zero if the current is
constant.

(b) The emf induced in the loop is finite if the current is
constant.

(¢) The emf induced in the loop is zero if the current
decreases at a steady rate.

(d) The emf induced in the loop is infinite if the current
decreases at a steady rate.

10. Attime =0, terminal A in B D

figure is connected to B
byakeyand an alternating
current /(¢) = I,cos (ot),
with [, =1 A and © =500
rad s™7 starts flowing in it
with the initial direction =10Q

the circuit shown in the - 4 J'

shown in the figure. At ¢ = Z—n , the key is switched from B
®

to D. Now onwards only 4 and D are connected. A total
charge Q flows from the battery to charge the capacitor fully.
If C=20 pF, R= 10 Q and the battery is ideal with emfof 50
V, identify the correct statement(s). (JEE Adv. 2014)
(@) Magnitude of the maximum charge on the capacitor
before £ =~ is 1 x 103 C
60

(b) The current in the left part of the circuit just before
in . .
t = — is clockwise
60

(¢) Immediatelyafter 4 is connected to D, the current in R
is104
(d 0=2x103C
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A conducting loop in the shape of a right angled isosceles
triangle of height 10 cm is kept such that the 90° vertex is
very close to an infinitely long conducting wire (see the
figure). The wire is electrically insulated from the loop. The
hypotenuse of the triangle is parallel to the wire. The current
in the triangular loop is in counterclockwise direction and
increased at a constant rate of 10 A s~!. Which of the
following statement(s) is(are) true? (JEE Adv. 2016)

. . K
(@) The magnitude of induced emf in the wire is (?0)

volt

(b) Iftheloop is rotated at a constant angular speed about

. . [ . .
the wire, an additional emfof (?0) volt is induced in

the wire
(c) Theinduced current in the wire is in opposite direction
to the current along the hypotenuse
There is a repulsive force between the wire and the
loop

(d)

12. A rigid wire loop of square shape having side of length L

and resistance R is moving along the x-axis with a constant
velocity v, in the plane of the paper. Att= 0, the right edge
of the loop enters a region of length 3L where there is a
uniform magnetic field B, into the plane of the paper, as
shown in the figure. For sufficiently large v . the loop
eventually crosses the region. Let x be the location of the
right edge of the loop. Let v(x), 1(x) and F(x) represent the
velocity of the loop, current in the loop, and force on the
loop, respectively, as a function of x. Counter-clockwise
current is taken as positive. (JEE Adv. 2016)

XXXXXXAXXX XXX XX XX XX XX XXX
XXXXXXXXXXXXXXXXXXXXXX XXX

XXXXHXXXX XXX XX XX XXXXXXXX

KXXXXXXXFXXXXXXXFXXXXXXXX

= KXXXXXX)SXXXXXXX¥XXXXXXXY.
RZ2 KXXXXXX)SXXXXXXXAXXXXXXX)
‘e L D XAXXXXXXEXXXXXXX ) XXXXXXX

XXXXXXXXEXXXXX XX HAX XX XX XXX
XXXXXXXXXXXXXXXXXXXXXXXXX
Vp—>  XXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXX

)

o L 2. 3 4
Which of the following schematic plot(s) is (are) correct?
(Ignore gravity)
v(x)
Vo
(a)

| |
T 2L 3L 4¢C %

b)

I(x)

(d) ——1>x

Subjective Problems

A current from 4 to B is increasing in magnitude. What is
the direction of induced current, if any, in the loop as shown
in the figure? (1979)

A B

The two rails of a railway track, insulated from each other and
the ground, are connected to a milli voltmeter. What is the
reading of the milli voltmeter when a train travels at a speed of
180 km/hour along the track, given that the vertical component
of earth’s magnetic field is 0.2 x 10~* weber/m? & the rails are
separated by 1 meter? (1981- 4 Marks)
Three identical closed coils 4, B and C are placed with their
planes parallel to one another. Coils 4 and C carry equal
currents as shown in Fig. Coils B and C are fixed in position
and coil 4 is moved towards B with uniform motion. Is there
any induced current in B ? If no, give reasons. If yes mark
the direction of the induced current in the diagram.

(1982 - 2 Marks)

(A
VAV,

A B C

A square metal wire loop
of side 10 cms and
resistance

1 ohm is moved with a ,
constant velocity v,ina
uniform magnetic field of
induction B =2 webers/ . ¥ X X

m? as shown in the figure. The magnetic field lines are
perpendicular to the plane of the loop (directed into the
paper). The loop is connected to a network of resistors
each of value 3 ohms. The resistances of the lead wires OS
and PQ are negligible. What should be the speed ofthe loop
so as to have a steady current of 1 milliampere in the loop ?
Give the direction of current in the loop. (1983 - 6 Marks)

...............
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Space is divided by the line AD into two regions. Region I
is field free and the Region II has a uniform magnetic field B
directed into the plane of the paper. ACD is a semicircular
conducting loop of radius  with centre at O, the plane of
the loop being in the plane of the paper. The loop is now
made to rotate with a constant angular velocity ® about an
axis passing through O and the perpendicular to the plane
of the paper. The effective resistance of the loop is R.
(1985 - 6 Marks)

Region-I Region-11

4l XXX X X

® X X X X X

/, x X xBx x

c X X X X X

X X X X X

Pl x x x x x

(i) Obtain an expression for the magnitude of the induced
current in the loop.

(i) Show the direction of the current when the loop is
entering into the Region II.
(i) Plot a graph between the induced e.m.fand the time of
rotation for two periods of rotation.
Two long parallel horizontal rails, a distance d apart and
each having a resistance ), per unit length, are joined at
one end by a resistance R. A perfectly conducting rod MN
of mass m is free to slide along the rails without friction
(see figure). There is a uniform magnetic field of induction B
normal to the plane of the paper and directed into the paper.
A variable force F'is applied to the rod MN such that, as the
rod moves, a constant current flows through R.
(1988 - 6 Marks)

x x x M x x x
X X X X X % x
Xh ¥ % l—ap % X
R - d
B X % X % x
R | % | x

X X X N X X
(i) Find the velocity of the rod and the applied force F'as
function of the distance x of the rod from R.
(i) What fraction of the work done per second by F'is
converted into heat ?
A circuit containing a two position switch S is shown in fig.
(1991 - 4 + 4 Marks)

R; c
w&m ! |
- ME 0 R,
i 11
v L |
| 2Q 12V
A |E2 R, B
2 I F AN, —e—
7 i‘ 2 30%k,
10 mH

(@ The switch S is in position ‘1°. Find the potential
difference ¥, — V', and the rate of production of joule
heatin R,

(b) Ifnow the switch S is put in position 2 at =0 find
(i) steady current in R, and
(i1) thetime when current in R, is halfthe steady value.

Also calculate the energy stored in the inductor L at that time

10.

11.

A rectangular frame ABCD, made ofa A4
uniform metal wire, has a straight X
connection between E and F' made of
the same wire, as shown inFig. AEFD | X
is a square of side Im, and EB=FC=
0.5m. The entire circuit is placed in
steadily increasing, uniform magnetic
field directed into the plane of the paper and normal to it.
The rate of change of the magnetic field is 1T/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. (1993-5 Marks)
Two parallel vertical metallic rails AB
and CD are separated by 1 m. They ﬂ—'WVW\/—'—l
are connected at two ends by L
resistances R, and R, as shown in
Figure. Ahorizontal metallic bar L of
mass 0.2 kg slides without friction
vertically down the rails under the R,
action of gravity. There is a uniform A
horizontal magnetic field of 0.6 Tesla B
perpendicular to the plane of the rails. It is observed that
when the terminal velocity is attained, the powers dissipated
in R, and R, are 0.76 Watt and 1.2 watt respectively. Find the
terminal velocity of the bar L and the values of R, and R,.
(1994 - 6 Marks)
A metal rod O4 of mass ‘m’ and length ‘7 is kept rotating
with a constant angular speed o in a vertical plane about a
horizontal axis at the end O. The free end 4 is arranged to
slide without friction along a fixed conducting circular ring
in the same plane as that of rotation. A uniform and constant
magnetic induction B is applied perpendicular and into the
plane of rotation as shown in the figure below. An inductor
L and an external resistance R are connected through a switch
S between the point O 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. (1995 - 10 Marks)

D F C

D

(a) What is the induced emf across the terminals of the
switch?
(b) The switch S'is closed at time = 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 OA4 was along
the positive X-axisat 1=0.

A solenoid has an inductance of 10 henry and a resistance
of 2 ohm. It is connected to a 10 volt battery. How long will
it take for the magnetic energy toreach 1/4 of its maximum
value? (1996 - 3 Marks)

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

P-150
12.

13.

14.

15.

Downloaded From : www.EasyEngineering.net

Topic-wise Solved Papers - PHYSICS

A pair of parallel

horizontal conducting

rails of negligible

resistance shorted at L R

one end is fixed on a |

table. The distance

between the rails is L.

A conducting massless [ [

rod of resistance R can m

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.

(1997 - 5 Marks)

(i) the terminal velocity achieved by the rod, a nd

(i) the acceleration of the mass at the instant when the
velocity of the rod is half the terminal velocity.

-

A magnetic field B = B, (¥/a)k is into the paper in the
+z direction. B and a are positive constants. A square loop
EFGH of side a, mass m and resistance R, in x — y plane,
starts falling under the influence of gravity see figure) Note
the directions of x and y axes in figure. (1999 - 10 Marks))

® ® ®

EFl
® [®] ®Y
® ® ®

a
» X

\ /
Find b
(a) theinduced current in the loop and indicate its direction.
(b) the total Lorentz force acting on the loop and indicate
its direction, and
(c) an expression for the speed of the loop, v(¢) and its
terminal value.
An inductor of
inductance L=400 1 __ L
mHand resistorsof £ T R g
resistances R, =2Q
and R, =2 Q are Sﬁ R
connected to a I
battery of emf £ = 12 V as shown in the figure. The internal
resistance of the battery is negligible. The switch S'is closed
attime 7= 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 the magnitude of current
through R, as a function of time? (2001-5 Marks)
A rectangular loop PORS made from a uniform wire 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=(3i+ 4I€)BO exists in the region. The loop is held in the
x-y plane and a current I is passed through it. The loop is

16.

17.

nowreleased and is found to stay in the horizontal position
in equilibrium. (2002 - 5 Marks)

z

P 0 vy

Z

a

L

<«<— ph —R

(a) What is the direction of the current / in PQ?

(b) Find the magnetic force on the arm RS.

() Find the expression for /in terms of B, a, b and m.
A metal bar AB can slide on A
two parallel thick metallic rails

separated by a distance (. A

resistance R and an ¢

inductance L are connected L

to the rails as shown in the

figure. A long straight wire !

carrying a constant current I,

is placed in the plane of the

rails and perpendicular to them as shown. The bar 4B is
held at rest at a distance x,, from the long wire. At#=0, it is
made to slide on the rails away from the wire. Answer the
following questions. (2002 - 5 Marks)

a % and % , Where i is the
current in the circuit and ¢ is the flux of the magnetic
field due to the long wire through the circuit.

(b) Itis observed that at time = T, the metal bar AB isata
distance of 2, from the long wire and the resistance R
carries a current ;. Obtain an expression for the net
charge that has flown through resistance R from #=0
tor=T.

(c) The bar is suddenly stopped at time 7. The current

o

(a) Find a relation among i

through resistance R is found to be l;’ attime 27 Find

L . . .-
the value of 7 In terms of the other given quantities.

A square loop of side ‘a’ with a capacitor of capacitance C
is located between two current carrying long parallel wires
asshown. The value of / in the wires is given as /= [, sinot.

(2003 - 4 Marks)
a =P = qa
1 L

« a—>
(a) Calculate maximum current in the square loop.

(b) Draw a graph between charges on the upper plate of
the capacitor vs time.

e
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18. Inaseries I-R circuit (L=35mH and R=11 Q), a variable R L
emfsource (V'=V, sin ot) of ¥, =220V and frequency 50 A B “ [~ O000000 ]
Hz is applied. Find the current amplitude in the circuit and |—|
phase of current with respect to voltage. Draw current-time ror “ .
graph on given graph (m=22/7). (2004 - 4 Marks) ¥ c
y %
. S
V'="V,sin ot : 3 Co
20. A long solenoid of radius a and : R
172 37T/2 bg f . : Ea'
o) } i number of turns per unit length n o
/4 \/2 T is enclosed by cylindrical shell of —idi—
radius R. thickness d (d << R ) and T
length L. A variable current i =i,
sinmt flows through the coil. Ifthe
19. Inthe figure both cells 4 and B are of equal emf. Find R for resistivity of the material of l -----
which potential difference across battery 4 will be zero, cylindrical shell is p, find the ) '.\ "" ; .' -
long time after the switch is closed. Internal resistance of induced current in the shell. o
batteries 4 and B are r, and r, respectively (r, > r,). (2005 - 4 Marks)
(2004 - 4 Marks)
| 3 Match the Following
DIRECTIONS : Each question contains statements given in two columns, which have to be matched. P qQr s t

The statements in Column-1 are labelled A, B, C and D, while the statements in Column-1I are labelled
p. q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORFE
statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these questions
have to be darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

0OOO0
®OO®®
Q0OG®
®OOO®

Cawm >

1. You are given many resistances, capacitors and inductors. These are connected to a variable DC voltage source (the first two
circuits) or an AC voltage source of 50 Hz frequency (the next three circuits) in different ways as shown in Column II. When a
current I (steady state for DC or rms for AC) flows through the circuit, the corresponding voltage V;and V, , (indicated in circuits)

are related as shown in Column L. Match the two (2010)
Column 1 Column 11
4 v, " £
6mH 3uF 6mH 20
(A) I1+0,Vis (p) © r=0r,=v i)
Pa D
*r 74 \J 14

Vl V2
proportional to/
" v, o T
@) I#0,V,is (s) " SuE
6mH 20 )
N

®) 1=0V,>V (@

proportional to /
| / v, v,
ALy < > <
1kQ 3uF
®
)
\y
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G

Comprehension Based Questions

PASSAGE 1
In the given circuit the capacitor (C) may be charged through
resistance R by a battery V' by closing switch S,. Also when S is
opened and S, is closed the capacitor is connected in series with
inductor (L).

4
II
|
%
C S,
A |
71
555 NS,
L

1. Atthe start, the capacitor was uncharged. When switch S,
is closed and S, is kept open, the time constant of this
circuit is T. Which of the following is correct

(2006 — 5M, -2)

L. . . Qv
after time interval t, charge on the capacitor is S

after time interval 27, charge on the capacitor of CV
(1-¢?)
(c) the work done by the voltage source will be half of the
heat dissipated when the capacitor is fully charged
after time interval 271, charge on the capacitor is
CV(l-eh
2. When the capacitor gets charged completely, S, is opened
and S, is closed. Then, (2006 — 5M, -2)
(@) atz=0, energy stored in the circuit is purely in the form
of magnetic energy
(b) atany time ¢ > 0, current in the circuit is in the same
direction
(c)
(d)

@)
(b)

(d)

at ¢ > 0, there is no exchange of energy between the
inductor and capacitor
at any time ¢ > 0, instantaneous current in the circuit

may be V\/%

3. Giventhat the total charge stored in the LC circuit is Q,,, for
t > 0, the charge on the capacitor is (2006 — 5M, -2)

@ 0=0 cos(%+ﬁ) (b 0=0, cos(%—ﬁ)

_ 040 ___1 d%
© Q—_LC? d 9= \/E dt2

PASSAGE 2

A thermal power plant produces electric power of 600 kW at 4000
V, which is to be transported to a place 20 km away from the power
plant for consumers' usage. It can be transported either directly
with a cable of large current carrying capacity or by using a
combination of step-up and step-down transformers at the two
ends. The drawback of the direct transmission is the large energy
dissipation. In the method using transformers, the dissipation is
much smaller. In this method , a step-up transformer is used at the

plant side so that the current is reduced to a smaller value. At the
consumers' end, a step-down transformer is used to supply power
to the consumers at the specified lower voltage. It is reasonable
to assume that the power cable is purely resistive and the
transformers are ideal with power factor unity. All the currents
and voltages mentioned are rms values. (JEE Adv. 2013)
4.  Ifthedirect transmission method with a cable of resistance
0.4 Q km! is used, the power dissipation| (in %) during
transmission is
@ 20 (b) 30 (c) 40 (d) %0
5.  Inthemethod using the transformers, assume that the ratio
of the number of turns in the primary to that in the secondary
in the step-up transformer is 1 : 10. If the power to the
consumers has to be supplied at 200 V, the ratio of the number
of turns in the primary to that in the secondary in the step-
down transformer is
(@ 200:1 (b) 150:1 (¢

PASSAGE 3

A point charge Q is moving in a circular orbit of radius R in the
x-y plane with an angular velocity ®. This can be considered as

100:1  (d) 50:1

. . o .
equivalent to a loop carrying a steady current g_n . A uniform

magnetic field along the positive z-axis is now switched on, which
increases at a constant rate from 0 to B in one second. Assume
that the radius of the orbit remains constant. The application of
the magnetic field induces an emf'in the orbit. The induced emf'is
defined as the work done by an induced electric field in moving a
unit positive charge around a closed loop. It is known that, for an
orbiting charge, the magnetic dipole moment is proportional to
the angular momentum with a proportionality constant y.
(JEE Adv. 2013)
6.  The magnitude of the induced electric field in the orbit at
any instant of time during the time interval of the magnetic

field change is
BR BR
@ 5 ®— ©BR (@2

7.  Thechange in the magnetic dipole moment associated with
the orbit, at the end of the time interval of the magnetic field
change, is

2 2
(@) —BQR2 (b) -y BQzR © v BQzR d y BQR?

H Assertion & Reason Type Questions

—
f——r—

1.  Statement-1: A vertical iron rod has coil of
wire wound over it at the bottom end. An
alternating current flows in the coil. The rod ' ]
goes through a conducting ring as shown
in the figure. The ring can float at a certain
height above the coil.

Statement-2 : In the above situation, a

current is induced in the ring which interacts with the

horizontal component of the magnetic field to produce an

average force in the upward direction. (2007)

(a) Statement-1 is True, Statement-2 is True; Statement-2
isa correct explanation for Statement- 1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement- 1

(c)

(d

—

Statement-1 is True, Statement-2 is False
Statement-1 is False, Statement-2 is True.
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A series R-C combination is connected to an AC voltage of
angular frequency ® = 500 radian/s. Ifthe impedance of the

R-C circuit is R+/1.25 , the time constant (in millisecond) of
the circuit is (2011)
A circular wire loop of radius R is placed in the x-y plane
centered at the origin O. A square loop of side a(a<<R)

having two turns is placed with its centre at z= /3R along
the axis of the circular wire loop, as shown in figure. The
plane of the square loop makes an angle of 45° with respect to
the z-axis. Ifthe mutual inductance between the loops is given

2
Hod

— 75— then the value of p is (2012)
2P/2R

Section-B

The power factor of an AC circuit having resistance (R) and
inductance (L) connected in series and an angular velocity
wis

(@ R/®L (b) RAR*+ ©2[*)12

(c) ®LR (d) RAR*-— ®2[*)12

A conducting square loop of side L and resistance R moves
in its plane with a uniform velocity v perpendicular to one of
its sides. A magnetic induction B constant in time and space,
pointing perpendicular and into the plane at the loop exists
everywhere with halfthe loop outside the field, as shown in

figure. The induced emf'is [2002]
+ Attt
+l++++++
+||++++++
+ |+ +++++ Ly
+||++++++
+||++++++
+|++++++
+ A+t

(a) zero (b) RvB

(c) VvBL/R (d) vBL

The inductance between 4 and D is [2002]

— [T0000)
A 3H 3H 3H D
(@ 3.66H (b) 9H (c) 0.66H (d 1H

In a transformer, number of turns in the primary coil are 140

and that in the secondary coil are 280. If current in primary

coil is4 A, then that in the secondary coil is [2002]

(@ 4A (b)y 2A (c) 6A (d) 10A.

Two coils are placed close to each other. The mutual

inductance of the pair of coils depends upon [2003]

(a) the rates at which currents are changing in the two
coils

(b) relative position and orientation of the two coils

(c) the materials of the wires of the coils

(d) the currents in the two coils

When the current changes from +2 Ato-2A in 0.05 second,

ane.m.f of 8 V isinduced ina coil. The coefficient of self-

induction of the coil is [2003]

(@ 02H (b) 04H (c¢) 0.8H (d0.1H

18.

JEE Main / GIEEE

7.

8.

10.

11.

12.

Two inductors L, (inductance 1 mH, internal resistance 3
Q) and L, (inductance 2 mH, internal resistance 4 Q), and a
resistor R (resistance 12 Q) are all connected in parallel
across a 5 V battery. The circuit is switched on at time t =0.
The ratio of the maximum to the minimum current
) drawn from the battery is (JEE Adv. 2016)

(Imax /1 min

In an oscillating LC circuit the maximum charge on the
capacitor is Q. The charge on the capacitor when the energy
is stored equally between the electric and magnetic field is

[2003]
9 (08 1%
@ - (b) NG (c) 2 d Q
The core of any transformer is laminated so asto  [2003]

(@
(b)

reduce the energy loss due to eddy currents

make it light weight

(c) make it robust and strong

(d) increase the secondary voltage

Alternating current can not be measured by D.C. ammeter
because [2004]
(a) Average value of current for complete cycle is zero
(b) A.C. Changes direction

(¢) A.C.cannot pass through D.C. Ammeter

(d) D.C. Ammeter will get damaged.

In an LCR series a.c. circuit, the voltage across each of the
components, L, C and R is 50V. The voltage across the LC
combination will be [2004]

(a 100V (b) 50\/5 VvV (¢) 50V  (d)0V(zero)
A coil having n turns and resistance RQ is connected with

a galvanometer of resistance 4RQ. This combination is
moved in time # seconds from a magnetic field 7, weber to

W, weber. The induced current in the circuit is [2004]
"y -) _nWy W)
@ ~——fp (b 5 Rt
_n-m) nw, -m)
© 5 m @ ———t

In a uniform magnetic field of induction B a wire in the form
of a semicircle of radius r rotates about the diameter of the
circle with an angular frequency ©. The axis of rotation is
perpendicular to the field. Ifthe total resistance of the circuit
is R, the mean power generated per period of rotation is

(Brro )2 (Batrzco)2
(@) BETEE (b SR
Brnrto (Bnrco2 )2
(c) R (d T [2004]
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In a LCR circuit capacitance is changed from Cto 2 C. For
the resonant frequency to remain unchanged, the
inductance should be changed from L to [2004]

(@ L2 (b) 2L (c) 4L (d) LA

A metal conductor of length 1 m rotates vertically about one
of its ends at angular velocity 5 radians per second. If the
horizontal component of earth’s magnetic field is 0.2x107T,
then the e.m.f. developed between the two ends of the
conductor is [2004]

(@ SmV () 50uV  (c) 5uv (d) 0mV
One conducting U tube can slide inside another as shown
in figure, maintaining electrical contacts between the tubes.
The magnetic field B is perpendicular to the plane of the
figure . If each tube moves towards the other at a constant
speed v, then the emf induced in the circuit in terms of B, /

and v where / is the width of each tube, will be [2005]
X A X X X x
X voox - ) X
X X X
X %, x.C
(@ —-Blv (b) Blv
(c) 2 Blv (d) zero

The self inductance of the motor of an electric fan is 10 H. In
order to impart maximum power at 50 Hz, it should be
connected to a capacitance of [2005]

(@ 8pF (b) 4pF (c) 2uF (d) 1pF
The phase difference between the alternating current and

emfis g . Which of the following cannot be the constituent

of the circuit? [2005]
@ RL (b) Calone (c) Lalone (d) L, C
A circuit has a resistance of 12 ohm and an impedance of 15
ohm. The power factor of the circuit will be [2005]
(@ 04 (b) 08 (c) 0125 (d) 125
A coil of inductance 300 mH and resistance 2 () is connected
to a source of voltage 2 V. The current reaches half of its

steady state value in [2005]
(@ O0.1s (b) 005s (c) 0.3s (d) 0.15s
L2

Which of the following units denotes the dimension Q_ ,

where Q denotes the electric charge?

(@ Wb/m? (b) Henry(H)
(c) H/m? (d) Weber (Wb)
In a series resonant LCR circuit, the voltage across R is 100
volts and R= 1 kQ with C =2uF. The resonant frequency ®
is 200 rad/s. At resonance the voltage across Lis [2006]
(@ 25x102V (b) 40V

(¢) 250V (d) 4x103V

In an AC generator, a coil with N turns, all of the same area
A and total resistance R, rotates with frequency o in a
magnetic field B. The maximum value of emf generated in

[2006]

the coil is [2006]
(@ NABRo (b) NAB
(¢) NABR (d) NABo

23.

24.

25.

26.

27.

28.

The flux linked with a coil at any instant '/ is given by
¢ = 1072 - 50¢ + 250
The induced emfat 1=3sis [2006]
(@ -190V (b) -10V  (c) 10V (d) 190V
An inductor (L = 100 mH), a resistor (R =100 Q) and a
battery (£ =100 V) are initially connected in series as shown
in the figure. After a long time the battery is disconnected
after short circuiting the points 4 and B. The current in the
circuit 1 ms after the short circuit is [2006]
L
— (OO0
§ R
A B
I N — | | SLETe [P CR—
E

(a) 1/eA (b) eA () 0.1A d 1A
In an a.c. circuit the voltage applied is £ = E sin ot. The
resulting current in the circuit is / = /; sin (cot - g) . The
power consumption in the circuit is given by [2007]

EyI
@ P=+2E (b) P=—"202

040 ﬁ

Eyl
(c) P=zero d P= %
An ideal coil of 10H is connected in series with a resistance
of 5Q and a battery of 5V. 2second after the connection is
made, the current flowing in ampere in the circuitis [2007]
@ (1-¢H (O (1-¢ (o) e @ e
Two coaxial solenoids are made by winding thin insulated
wire over a pipe of cross-sectional area 4 = 10 cm? and
length =20 cm. If one of the solenoid has 300 turns and the
other 400 turns, their mutual inductance is [2008]
(Hg=4nx107TmA™")
(@ 24nx10°H (b) 48nx10*H
(c) 48nx10°H (d) 24nx10*H
An inductor of inductance L=400 [g
mH and resistors of resistance R, "+ L L
=2Q and R, = 2Q are connected =R,
to a battery ofemf 12 V as shown )
in the figure. The internal R,
resistance of the battery is (
negligible. The switch Sisclosed | S .
at 1=0. The potential drop across
L as a function of time is : [2009]
@ % oY ®) 6(1 _ e—t/O.Z)V
() 1285tV (d) 6e3V
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A rectangular loop has a sliding connector PQ of length /
and resistance R Q and it is moving with a speed v as
shown. The set-up is placed in a uniform magnetic field
going into the plane of the paper. The three currents I, I,

and /are [2010]
1://’
RQ RO X, RQ
I
B :
@ 11=—12=§—g,1=%
6) h=h=3p =200
© h=h=1=2F
B B
@ h=h=or 1=

In the circuit shown below, the key K is closed at 1= 0. The
current through the battery is [2010]

| )
L R,
L 00— MWW
RZ
VRR, v
@) R12+R22 atz =0and R, ati= o
L V(Rl +R2)
(b) R, att =0and —R1R2 att= oo
v VRR,
() R_zatt=0and ,R12+R22 atr= oo
V(R +Ry) 14

RiR, att=0andgatt=oo

In a series LCR circuit R = 200Q and the voltage and the
frequency of the main supply is 220V and 50 Hz respectively.
On taking out the capacitance from the circuit the current
lags behind the voltage by 30°. On taking out the inductor
from the circuit the current leads the voltage by 30°. The

power dissipated in the LCR circuit is [2010]
(@ 305W (b) 210W
(c) ZeroW (d) 242W

A boat is moving due east in a region where the earth's
magnetic field is 5.0 x 10~ NA~! m~! due north and horizontal.
The boat carries a vertical aerial 2 m long. Ifthe speed of the
boat is 1.50 ms™!, the magnitude of the induced emf in the

wire of aerial is; [2011]
(@ 075mV (b) 0.50mV
(¢) 015mV (d) ImV

33.

34.

35.

36.

37.

38.

A fully charged capacitor C with initial charge g, is
connected to a coil of self inductance L at t=0. The time at
which the energy is stored equally between the electric and

the magnetic fields is: [2011]
T

@ IVIC (b) 22JIC

© Jic ) =JLC

A resistor ‘R’ and 2uF capacitor in series is connected

through a switch to 200 V direct supply. Across the capacitor

is aneon bulb that lights up at 120 V. Calculate the value of

R to make the bulb light up 5 s after the switch has been

closed. (log,,2.5=0.4) [2011]

@ 17x10°Q (b) 2.7x10°Q

(© 33x10'Q d) 1.3x10*Q

A coil is suspended in a uniform magnetic field, with the

plane of the coil parallel to the magnetic lines of force. When

acurrent is passed through the coil it starts oscillating; It is

very difficult to stop. But if an aluminium plate is placed

near to the coil, it stops. This is due to : [2012]

(a) developement of air current when the plate is placed

(b) induction of electrical charge on the plate

(c) shielding of magnetic lines of force as aluminium is a
paramagnetic material.

(d) electromagnetic induction in the aluminium plate giving
rise to electromagnetic damping,

A metallic rod of length ¢’ is tied to a string of length 2¢ and

made to rotate with angular speed w on a horizontal table

with one end of'the string fixed. Ifthere is a vertical magnetic

field ‘B’ in the region, the e.m.f. induced across the ends of

the rod is [JEE Main 2013|
2Bol?

(@ 2 J
3B/l ! 9 W“W“w

[ sk

(b) >
4B ?

© 2 “ H
5Bo/(

d

A circula2r loop of radius 0.3 cm lies parallel to amuch bigger
circular loop of radius 20 cm. The centre of the small loop is
on the axis of the bigger loop. The distance between their
centres is 15 cm. If a current of 2.0 A flows through the
smaller loop, then the flux linked with bigger loop is

[JEE Main 2013]
@ 9.1x10weber (b) 6x 107! weber
(© 33x10lweber (d) 6.6x 102 weber
In an LCR circuit as shown below both switches are open
initially. Now switch S is closed, S, kept open. (q is charge
on the capacitor and t = RC is Capacitive time constant).
Which of the following statement is correct ?

[JEE Main 2013]
\Y
I
- 11
=R e
< SI
I
C \57
ITTN )
L
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@)
(b)

Work done by the battery is half of the energy
dissipated in the resistor
Att=1,q=CV/2

(c) Att=21,q=CV(l-¢€32)

(d Att=271,q=CV(l-¢l)
In the circuit shown here, the point ‘C’ is kept connected to
point ‘A’ till the current flowing through the circuit becomes
constant. Afterward, suddenly, point ‘C’ is disconnected from
point ‘A’ and connected to point ‘B’ at time t=0. Ratio of the
voltage across resistance and the inductor at t = L/R will be

equal to: [JEE Main 2014]
A C R
_ L
B
@ 12 (b) 1
{ o ==
© - @ —

An inductor (L = 0.03 H) and a resistor (R = 0.15 kQ) are
connected in series to a battery of 15V EMEF in a circuit shown
below. The key K| has been kept closed for a long time. Then
att=0,K, isopened and key K, is closed simultaneously. At

t=1ms, the current in the circuit will be : (¢5 = 150)

[JEE Main 2015[
003H 015k
KZ
K
15v K
(a) 6.7mA (b) 0.67mA
(c) 100mA (d) 67mA

41.

42.

43.

An LCR circuit is equivalent to a damped pendulum. In an
LCR circuit the capacitor is charged to Q, and then connected
to the L and R as shown below :

R L

I8

If a student plots graphs of the square of maximum charge

(Qﬁax ) on the capacitor with time(t) for two different values

L, and L, (L, >L,) of L then which ofthe following represents
this graph correctly ? (plots are schematic and not drawn to

scale) [JEE Main 2015]
2 £/ 2 f—
(@) QuMax L) (b) QM ax] Qo (For both L; and L)
S ;
2 L, Q: L,
(© Qntax L3 (A = Ly
— ¢ | ;

Two coaxial solenoids of different radius carry currentI in the
same direction. Fl be the magnetic force on the inner solenoid
due to the outer one and 1_3; be the magnetic force on the
outer solenoid due to the inner one. Then : [JEE Main 2015]

@) Fl is radially inwards and F; =0
(b
©
d

An arc lamp requires a direct current of 10 A at 80 V to
function. If it is connected toa 220 V (rms), 50 Hz AC supply,
the series inductor needed for it to work is close to :

(@) 0.044H (b) 0.065H

(c) 80H (d) 0.08H

F is radially outwards and F, =0

E =F =0

F isradially inwards and E, isradially outwards
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Ray and Wave Optics

I Section-A

A Fill inthe Blanks

A light wave of frequency 5 x 10'* Hz enters a medium of
refractive index 1.5. In the medium the velocity of the light
waveis......... and its wavelengthis .......... (1983 - 2 Marks)
A convex lens 4 of focal length 20 cm and a concave lens B
of focal length 5 cm are kept along the same axis with a
distance d between them. Ifa parallel beam oflight falling
on 4 leaves B asa parallel beam, then disequalto...... cm.

(1985 - 2 Marks)
A monochromatic beam of light of wavelength 6000 A in
vacuum enters a medium of refractive index 1.5. In the
medium its wavelength is ....., its frequency is.......

(1985 - 2 Marks)
In Young’s double-slit experiment, the two slits act as
coherent sources of equal amplitude ‘4’ and of wavelength
‘A ’. In another experiment with the same set-up the two

slits are sources of equal amplitude ‘4’ and wavelength “ 3, °,
but are incoherent. The ratio of the intensity of light at the
midpoint of the screen in the first case to that in the second
i (1986 - 2 Marks)
A thin lens of refractive index 1.5 has a focal length of 15 cm
in air. When the lens is placed in a medium of refractive

index % , its focal length will become ........ cm.

(1987 - 2 Marks)
A point source emits sound equally in all directions in a
non-absorbing medium. Two points P and Q are at a distance
of 9 meters and 25 meters respectively from the source. The
ratio of amplitudes of the wavesat Pand Qis ............

(1989 - 2 Marks)
A slab of a material of refractive index 2 shown in fig. has a
curved surface 4PB of radius of curvature 10 cm and a plane
surface CD. On the left of APB is air and on the right of CD
is water with refractive indices as given in the figure. An
object O is placed at a distance of 15 cm from the pole P as
shown. The distance of the final image of O from P, as viewed

fromtheleftis.............. (1991 - 2 Marks)
A G
n1=1.0
np=2.0 B
4
p ¢ Q

3&-15 CMewmmnnmmn >

B D
Crmrmmnnenae, 20 cme=sesmennanna- >

8.

10.

11.

12.

13.

14.

JEE Advanced/ IIT-JEE

A thin rod of length % is placed along the optic axis of a

concave mirror of focal length f'such that its image which is
real and elongated, just touches the rod. The magnification
i (1991 - 1 Mark)
A ray of light undergoes deviation of 30° when incident on

an equilateral prism of refractive index V2 .The angle made
by the ray inside the prism with the base of the prism is
.................... (1992 - 1 Mark)
The resolving power of electron microscope is higher that
that of an optical microscope because the wavelength of
electronsis..................... than the wavelength of visible light.

(1992 - 1 Mark)

If €y and p are, respectively, the electric permittivity<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>