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PHYSICS

2.GRAVITATION,GRAVITATION,LAWS OF MOTION,THERMAL PROPERTIES OF MATTER

Single Correct Answer Type

1.

A force F = -5 — 7] + 3k acting on a particle
causes a displacement (s) = 3i — 2j + ak in its
own direction. If the work done is 14 ], then
the value of a is

a)o b)5

c)15 d)1

A force F = -5 — 7] + 3k acting on a particle
causes a displacement (s) = 31 — 2] + ak in its
own direction. If the work done is 14 ], then
the value of a is

a)o b)5

c)15 d)1

The ends of two rods of different materials
with their thermal conductivities, radii of
cross-section and lengths all in the ratio 1: 2
are maintained at the same temperature
difference. If the rate of flow of heat in the
larger rod is 4 cal s~1, then that in the shorter
rod (in cals ~1) will be

a)l b) 2

)8 d)16

The radius of a ring is R and its coefficient of
linear expansion is a. If the temperature of ring
increases by 6, then its circumference will
increase by

a)mTt Ra® b)2m Ra 0
cmnR 0 d)mR 0
T Raz TR

A sphere of mass ‘m’ moving with velocity v’
collides head-on with another sphere of same
mass which is at rest. The ratio of final velocity
of second sphere to the initial velocity of the
first sphere is (e is coefficient of restitution
and collision is inelastic)

e+1

b
a) 5 )e
e—1 e
) 5 d)E

A sphere of mass ‘m’ moving with velocity v’
collides head-on with another sphere of same
mass which is at rest. The ratio of final velocity
of second sphere to the initial velocity of the

10.

11.

12.

first sphere is (e is coefficient of restitution
and collision is inelastic)

1
a)e;r b)e
e—1 e
C) 5 d)z

An amount of water of mass 20 g at 0°C is
mixed with 40 g of water at 10°C, final
temperature of the mixture is

a)5°C b)0°C

c) 20°C d)6.66°C

A body initially at rest is acted upon by a
constant force (F) for time (t). The kinetic
energy is time tis

242 Ft
a)F_t b)_
2m 2m
242 2
L e
m m

A body initially at rest is acted upon by a
constant force (F) for time (t). The kinetic
energy is time tis

242 Ft
a) F_t b) -
2m 2m
2.2 2
ot d) (F_t>
m m

Wires A and B have identical lengths and have
circular cross-sections. The radius of A is twice
the radius of B, i.e. r4 = 2rg. For a given
temperature difference between the two ends,
both wires conduct heat at the same rate. The
relation between the thermal conductivities is

given by

a) KA = 4KB b) KA = ZKB
Kg Kg

C)Kp =— d)Ky = —

)K=~ JKn =

A wooden block of mass ‘M’ moves with
velocity ‘v’ and collides with another block of
mass ‘4M’ which is at rest. After collision the
block of mass ‘M’ comes to rest. The coefficient
of restitution will be

a)0.25 b)0.15

c) 0.05 d)0.30

A wooden block of mass ‘M’ moves with
velocity ‘v’ and collides with another block of
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13.

14.

15.

16.

17.

18.

19.

mass ‘4M’ which is at rest. After collision the
block of mass ‘M’ comes to rest. The coefficient
of restitution will be
a)0.25

c) 0.05

b)0.15
d)0.30

A uniform metal rod is used as a bar pendulum.

If the room temperature rises by 10°C, and the
coefficient of linear expansion of the metal of
the rod is 2 x 107° per °C, the period of the
pendulum will have percentage increase of
a)—2x1073 b)—1x 1073
c)2x1073 d)1x1073

A particle at rest explodes into two particles of
masses ‘m;’ and ‘m,’ which move in opposite
directions with velocities ‘V;" and ‘V,’
respectively. The ratio of kinetic energies ‘E;’
to ‘E,’ respectively is

a)m,:my b)1:1

c)1l:m, d)m;:m,

A particle at rest explodes into two particles of
masses ‘m;’ and ‘m,’ which move in opposite
directions with velocities ‘V,” and ‘V,’
respectively. The ratio of kinetic energies ‘E;’
to ‘E,’ respectively is

a)m,:my b)1:1

c)1l:m, d)m;:m,

If a body cools down from 80°C to 60°C in

10 min when the temperature of the
surrounding is 30°C. Then, the temperature of
the body after next 10 min will be

a)50°C b)48°C

c)30°C d) None of these

The dimensions of torque are same as that of
a) Pressure b) Impulse

¢) Moment of force d) Acceleration

The dimensions of torque are same as that of
a) Pressure b) Impulse

c) Moment of force d) Acceleration

Three rods made of same material and having
same cross-section have been joined as shown
in figure. Each rod is of 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

/
1
0°C
3
90°C

90°C

20.

21.

22.

23.

24.

25.

26.

a)45°C b)60°C
c)30°C d)20°C
A particle of mass m moving with a velocity
(31 + 2))ms™? collides with a stationary body
of mass M and finally moves with a velocity

2+ Nms LifrR=L
(=214 7ms .IfM = 13,then
the velocity of the M
S (A
is — (51+19)
d) All of the above are
correct

a the impulse received
by Mis m (51 +7)

the coefficient of

<)

A particle of mass m moving with a velocity
(31 + 2))ms™! collides with a stationary body
of mass M and finally moves with a velocity

2R+ Pms-LfR=1
(=214 7)ms .IfM—13,then

. . 11
restitutions E

the impulse received , . the velocity of the M

Dy Mis m (51 +9) is - (51+7)
the coefficient of d) All of the above are
c) correct

q . 11
restitutions E

0.1 m3 of water at 80°C is mixed with 0.3 m?3 of
water at 60°C. The final temperature of the
mixture is

a)70°C b)65°C

c)60°C d)75°C

A door 1.6 m wide requires a force of 1 N to be
applied at the free end to open or close it. The
force that is required at a point 0.4 m distant
from the hinges for opening or closing the door
is

a)1.2N b)3.6 N

c)24N d)4 N

A door 1.6 m wide requires a force of 1 N to be
applied at the free end to open or close it. The
force that is required at a point 0.4 m distant
from the hinges for opening or closing the door
is

a)1.2N b)3.6 N

c)2.4N d)4 N

Aliquid of mass m and specific heat c is heated
to a temperature 2T. Another liquid of mass
m/2 and specific heat 2c is heated to a
temperature T. If these two liquids are mixed,
the resulting temperature of the mixture is

o o

3 3
)(=)T d (—)T
(&) (3
A square plate of side 20 cm has uniform
thickness and density. A circular part of
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27.

28.

29.

30.

diameter 8 cm is cut out symmetrically and
show in figure. The position of centre of mass
of the remaining portion is

a)at 04 b)at O
c)0.54 cm from Oon  d)None of the above
the left hand side

A square plate of side 20 cm has uniform
thickness and density. A circular part of
diameter 8 cm is cut out symmetrically and
show in figure. The position of centre of mass
of the remaining portion is

a)at 0q b)at O
¢)0.54 cm from O on  d)None of the above
the left hand side

A cylindrical metallic rod in thermal contact
with two reservoirs of heat at its two ends
conduct heat ‘Q,’ in time ‘t". The metallic rod is
now melted and the material is formed into a
rod of half the radius of the original rod. This
rod when placed in thermal contact with the
same two reservoirs of heat, conducts heat ‘Q,’
in time ‘t’. The difference in heat conducted,

Q1 — Q) is

13
e

A smooth steel ball strikes a fixed smooth steel
plate at an angle 6 with the vertical. If the
coefficient of restitution is e, the angle at which
the rebounce will take place is

a)o b)tan~?! (ta:e)

d)tan™?! (ﬁ)

A smooth steel ball strikes a fixed smooth steel
plate at an angle 6 with the vertical. If the
coefficient of restitution is e, the angle at which
the rebounce will take place is

c)Jetan®

31.

32.

33.

34.

35.

a)o b)tan~* (=)

d)tan~?! (ﬁ)

On an imaginary linear scale of temperature
(called ‘W’ scale) the freezing and boiling
points of water are 39°W and 239°W
respectively. The temperature on the new scale

c)Jetan®

corresponding to 39°C temperature on Celsius
scale will be

a)139°W b)78°W

c) 117°W d)200°W

A 10 kg brick moves along X - axis. Its
acceleration as a function of its position is
shown in figure. What is the net work
performed on the brick by the force causing
the acceleration as the brick moves from x = 0
tox=80m?

— x(m)
a)4] b)8]

c)2] d)1]

A 10 kg brick moves along X - axis. Its
acceleration as a function of its position is
shown in figure. What is the net work
performed on the brick by the force causing
the acceleration as the brick moves from x = 0
tox=80m?

— xm)
a)4] b)8]
c)2] d)1]
Snow is more heat insulating than ice because
a) air is filled in pores ofb)ice is more bad

snow conductor snow
c) air is filled in pores ofd) density of ice is
ice more

A cricket ball of mass 150 g moving with a
velocity of 12 m/s is turned back with a
velocity of 20 m/s on hitting the bat. The force
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36.

37.

38.

39.

40.

41.

of the blow lasts for 0.01 s. The force exerted

on the ball by the bat is
a)480 N b)240 N
c)120N d)360 N

A cricket ball of mass 150 g moving with a
velocity of 12 m/s is turned back with a
velocity of 20 m/s on hitting the bat. The force
of the blow lasts for 0.01 s. The force exerted

on the ball by the bat is
a)480 N b)240 N
c)120N d)360 N

A wall has two layers A and B, each made of
different material. Both the layers have same
thickness. The thermal conductivity of the
material A is thrice that of material B. If under
thermal equilibrium the temperature
difference across the wall is 48°C, the
temperature difference across the layer ‘A’ is
a)12°C b) 24°C

c)18°C d) 6°C

Aforce F = 31+ 6] + 2k acting on a particle
causes displacement S = —41 + xj + 3k in the
direction of F. If the work done is 12 ], then
value of ‘X’ is

a) Zero b)1

3 d)6

Aforce F = 31+ 6] + 2k acting on a particle
causes displacement S = —41 + xj + 3kin the
direction of F. If the work done is 12 ], then
value of X’ is

a) Zero b)1

3 d)6

A cylindrical metallic rod in thermal contact
with two reservoirs of heat at its ends conduct
an amount of heat ‘Q;’ in time ‘t". The metallic
rod is melted and the material is formed into a
rod of length, four times the length of original
rod. The amount of heat conducted by the new
rod when placed in thermal contact with the

same two reservoirs in time tis ‘Q,’. Then % is
a)l b) 4

4
c)16 d)i

16
50 g of copper is heated to increase its
temperature by 10°C. If the same quantity of
heat is given to 10 g of water, the rise in its
temperature is (Take, specific heat of copper =
420 kg~t0c1)
a)5°C b)6°C

) 7°C d)8°C

42. The below figure is the part of a horizontally

stretched note. Section AB is stretched with a
force of 10 N. The tension in the section BC

and BF are

a)10 N, 11N
c)10N, 10N

b)10 N, 6 N

d) Cannot be calculated
due to insufficient
data

43. The below figure is the part of a horizontally

stretched note. Section AB is stretched with a
force of 10 N. The tension in the section BC
and BF are

a)10 N, 11N
c)10N, 10N

b)10N,6 N

d) Cannot be calculated
due to insufficient
data

44. A mass M moving with velocity ‘v’ along x axis

collides and sticks to another mass 2M which is
moving along Y-axis with velocity 3v. After
collision, the velocity of the combination is

V/\ 2 a3 b /\+V/\
a)31 vj ) vi 3)

2 v
QS0+ d)5i+2vj

45. A mass M moving with velocity ‘v’ along x axis

collides and sticks to another mass 2M which is
moving along Y-axis with velocity 3v. After

collision, the velocity of the combination is
\%

§]
Aot + 2v]
)51 Y

\%
a)§i—2vj b)vi +

)ZV“+“
C_
3T

46. A cylindrical rod has temperature ‘T;’ and ‘T,’

at its ends. The rate of flow of heat is
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47.

48.

49,

50.

51.

52.

53.

‘Q,’ cal s™1. If length and radius of the rod are
doubled keeping temperature constant, then
the rate of flow of heat ‘Q,” will be

a)Q, =% b)Q, =%
c)Q; = 4Q, d)Q; =2Q,

How much heat energy is gained when 5 kg of
water at 20°C is brought to its boiling point
(Take, specific heat of water = 4.2 k] kg=1°C™!

)
a) 1680 K] b)1700 kJ
) 1720 K] d)1740 kJ

The torque of a force F = —21 + 2j + 3k acting
on apoint r =1+ 2j + kabout origin will be
a)8i + 5] + 2k b)—81 — 5j — 2k

c) 8i — 5] + 2k d)—8i + 5§ — 2k

The torque of a force F = —21 + 2j + 3k acting
onapoint r =1+ 2j + kabout origin will be
a)8i + 5] + 2k b)—81 — 5] — 2k

) 8i — 5] + 2k d)—8i + 5§ — 2k

A wall is hit elastically and normally by ‘n’ balls
per second. All the balls have the same mass
‘m’ and are moving with the same velocity ‘u’.
The force exerted by the balls on the wall is

a) mnu b) 2mnu?

c) > mnu? d)2mnu

A wall is hit elastically and normally by ‘n’ balls
per second. All the balls have the same mass
‘m’ and are moving with the same velocity ‘u’.
The force exerted by the balls on the wall is

a) mnu b) 2mnu?

1
c) > mnu? d)2mnu

Rate of flow of heat through a cylindrical rod

is Hy. The temperature of the ends of the rod
are T; and T,. If all the dimensions of the rod
become double and the temperature difference
remains the same, the rate of flow of heat
becomes H,. Then the relation

between H; and H, is

H
a)H, = 4H, b)H, :71

H
c)H, = 2H, d)H, = Tl

22 g of carbon dioxide at 27°C is mixed in a
closed container with 16 g of oxygen at 37°C. If
both gases are considered as ideal gases, then
the temperature of the mixture is

a)24.2°C b) 28.5°C

c)31.5°C d)33.5°C

54.

55.

56.

57.

58.

59.

A body of mass 60 kg suspended by means of
three strings P, Q and R as shown in the figure
is in equilibrium. The tension in the string P is

Rod
300
R
0
f)90 P
Q
M =60 kg

a) 130.9 kgf b) 60 kgf
c) 50 kgf d) 103 kgf

A body of mass 60 kg suspended by means of
three strings P, Q and R as shown in the figure
is in equilibrium. The tension in the string P is

Rod
30°
R
0
f)90 b
Q
M =60 kg

a) 130.9 kgf b) 60 kgf
c) 50 kgf d) 103 kgf

A stationary body explodes into two parts of
masses ‘M;’ and ‘M,’. They move in opposite
directions with velocities ‘v;" and ‘v,’. The ratio
of their kinetic energies is

) [x_j] b) [ﬁ_j 1/2
9] Ol

A stationary body explodes into two parts of
masses ‘M;’ and ‘M,’. They move in opposite
directions with velocities ‘v;" and ‘v,’. The ratio
of their kinetic energies is

2 [x_i] b) [x_jl/z
J il

A bubble of 8 mol of helium is submerged at a
certain depth in water. The temperature of
water increases by 30°C. How much heat is
added approximately to helium during
expansion?

a)4000] b)3000]

c)3500] d)5000]

If two rods of lengths L and 2L having
coefficient of linear expansion o and 2«
respectively are connected end-on-end, the
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60.

61.

62.

63.

64.

65.

66.

average coefficient of linear expansion of the
composite rod, equals

5
a) - b) E a
5 d) None of these

A black of mass m moving on a frictionless
surface at speed v collides elastically with a
black of same mass, initially at rest. Now, the
first block moves at an angle 8 with its initial
direction and has speed vi. The speed of the
second of the block after collision is

a),/v? —v? b)\/vZ —v?

c)/vZ +v? d)\v—v;

A black of mass m moving on a frictionless
surface at speed v collides elastically with a
black of same mass, initially at rest. Now, the
first block moves at an angle 8 with its initial
direction and has speed vi. The speed of the
second of the block after collision is

a),/v? —v? b)\/vZ —v?

c)/vZ +v? d)\Vv—v;

A bomb at rest explodes in to three parts of
same mass. The momentum of two parts

is (—)3Pi and 2Pj respectively. The magnitude
of the momentum of third part is

a)V/13P b)/15P
c)V11P d)V7P

What is the amount of work done by a person
when (i) he holds a mass of 2 kg for 5 second
and (ii) he lifts the same mass through 1 meter
to keep it on the top of a table? g = 9.8 m/s?
a)4.9] and zero b)Zero and 4.9 ]

c) Zero and 19.6 | d)19.6 ] and zero
What is the amount of work done by a person
when (i) he holds a mass of 2 kg for 5 second
and (ii) he lifts the same mass through 1 meter
to keep it on the top of a table? g = 9.8 m/s?
a)4.9 ] and zero b)Zero and 4.9 ]

c) Zero and 19.6 | d)19.6 ] and zero

A thin copper wire of length / increase in
length by 1%, when heated from 0°C to 100°C.
If a thin copper plate of area 2 X [ is heated
from 0°C to 100°C, the percentage increase in
its area would be

a)1% b) 4%

c)3% d) 2%

A cylindrical rod is having temperature 6,
and 0, at its ends. The rate of heat flow is ‘Q’
Js~1. All the linear dimensions of the rod are

67.

68.

69.

70.

71.

doubled by keeping the temperature constant.
What is the new rate of flow of heat?

a)% b)%

3
c)2Q d)—Q
2
A mass m moves with a velocity v and collides
inelastically with another identical mass. After

collision, the 1 st mass moves with velocity
v
V3
direction of motion . find the speed of the

second mass after collision.

in a direction perpendicular to the initial

a)v b)V3V
k14 d) 7

A mass m moves with a velocity v and collides
inelastically with another identical mass. After

collision, the 1 st mass moves with velocity
v
V3
direction of motion . find the speed of the

second mass after collision.

in a direction perpendicular to the initial

a)v b)V3V
k14 d) 7

A ball of mass ‘m’ moving with speed v’
collides elastically with identical stationary
ball which is initially at rest. After collision the
first ball moves at an angle ‘0’ to its initial

direction and has speed '(g)’. The second ball

moves in a straight line after collision. The
speed of second ball after collision is

2 "

a)\/gv )§V
2V2 3

C)TV d)\/iv

A ball of mass ‘m’ moving with speed v’
collides elastically with identical stationary
ball which is initially at rest. After collision the
first ball moves at an angle ‘0’ to its initial

direction and has speed (g)' The second ball

moves in a straight line after collision. The

speed of second ball after collision is
4

a)ﬁv b)gv
2V2 3
I3y V7Y

The rate of flow of heat through a copper rod
with temperature difference 28°C

is 1400 cal s71. The thermal resistance of
copper rod will be
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72.

73.

74.

75.

76.

77.

78.

°C °C
a) 0.05 — b)0.02

Q)5— d)2—
A conducting rod of length 1 m has area of
cross-section 1073 m2, One end is immersed in
baiting water (100°C) and the other end in Ice
(0°C). If coefficient of thermal conductivity of
rod is 96 cal/sm°C and latent heat for ice is 8 X
10~* cal/kg then the amount of ice which will
melt in one minute is
a)5.4 x 1073 kg b)7.2 x 1073 kg
c)1.8x 1073 kg d)3.6 x 1073 kg
The kinetic energy of a light body and a heavy
body is same. Which one of them has greater
momentum?
a) A body having high b)Heavy body

velocity
c) Light body

s cal

s cal s cal

d) A body having large
displacement

The kinetic energy of a light body and a heavy

body is same. Which one of them has greater

momentum?

a) A body having high b)Heavy body
velocity

c) Light body d) A body having large
displacement

Two bodies of masses 1 kg and 2 kg are lying in

XY - plane at (-1, 2) and (2, 4) respectively.

What are the coordinates of the centre of

mass?

10 b) (1,0
2(12) )0
c) (0,1) d) None of these

Two bodies of masses 1 kg and 2 kg are lying in
XY - plane at (-1, 2) and (2, 4) respectively.
What are the coordinates of the centre of

mass?

Lo b) (1,0
2(12) )0
c) (0,1) d) None of these

A child is sitting on a swing which performs
S.H.M. It has minimum and maximum heights
from ground 0.75 cm and 2 m respectively. Its

maximum speed will be [g =10 522]

a)V1.25m/s b)v/12.5 m/s
c)5m/s d)25m/s

A child is sitting on a swing which performs
S.H.M. It has minimum and maximum heights
from ground 0.75 cm and 2 m respectively. Its

maximum speed will be [g =10 522]

79.

80.

81.

82.

83.

84.

85.

a)V1.25m/s b)v12.5m/s
c)5m/s d)25m/s

A body cools from 90°C to 70°C in 6 minute. If
the temperature of the surroundings is 30°C,
the time taken by the body to cool

from 70°C to 50°C is

a) 12 minute b) 8 minute

¢) 10 minute d) 15 minute

Aliquid having coefficient of cubical expansion
‘Y’ is kept in a copper vessel having coefficient

of linear expansion % If heat is supplied to the

vessel, the original level of the liquid in the

vessel

a) Will decrease b) May increase or
decrease

d) Will remain almost
the same

The torque of a force F = - 61 acting at a point r

= -4j about origin will be

a)-24k b)24 k

c) 24j d)241

The torque of a force F = - 61 acting at a pointr

= -4j about origin will be

a)-24k b)24 k

c) 24]j d)241

Three rods made of the same material and

having same cross sectional area but different

length 10cm, 20 cm and 30 cm are joined as

shown in the figure. The temperature of the

junction is

c) Will increase

20°C
20 cm
30 cm 10 cm
30°C
10°C
a)10.8°C b) 14.6°C
) 16.4°C d)18.2°C

A bullet of mass m moving with velocity ‘v’ is
fired into a wooden block of mass ‘M’. If the
bullet remains embedded in the block, the final
velocity of the system is

mv m+ M
E}1)m+M b) m
M+ m v
) mv d)m(M+m)

A bullet of mass m moving with velocity ‘v’ is
fired into a wooden block of mass ‘M’. If the
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86.

87.

88.

89.

90.

91.

92.

bullet remains embedded in the block, the final
velocity of the system is

mv m+ M
a)m+M b) m

M+ m \%
e DM+ m)

A copper rod and a steel rod having the same
area of cross-section are end. The free end of
copper rod is at 100°C and free end of steel rod
is the temperature at their junction

if Keopper = 9Ksteel and length of 3 times
length of steel rod? (K = Thermal conductivity)
a)75°C b)90°C

c) 25°C d)50°C

N number of balls of mass m kg moving along
positive direction of X- axis, strike a wall per
second and return elastically. The velocity of
each ball is u m/s. The force exerted on the
wall by the balls (in newton) is

a)o b)2mNu

0) mg“ d)mNu

N number of balls of mass m kg moving along
positive direction of X- axis, strike a wall per
second and return elastically. The velocity of
each ball is u m/s. The force exerted on the
wall by the balls (in newton) is

a)o0 b) 2mNu

) T d)mNu

A force (31 + 4§) N acts on a body and displaces
it by (31 + 4J) m. The work done by the force is
a)10j b)12j

c)16j d)25j

A force (31 + 4§) N acts on a body and displaces
it by (31 + 4J) m. The work done by the force is
a)10j b)12j

c)16j d)25j

A black having mass m collides with an another
stationary block having mass 2 m. The lighter
block comes to rest after collision. If the
velocity of first block is v, then the value of
coefficient of restitution must be

a)0.5 b) 0.4

c)0.6 d)0.8

A black having mass m collides with an another
stationary block having mass 2 m. The lighter
block comes to rest after collision. If the
velocity of first block is v, then the value of
coefficient of restitution must be

a)0.5 b) 0.4

c)0.6 d)0.8

93.

94.

95.

96.

97.

98.

99.

Two metal rods P and Q have same length and
same temperature difference between their
ends. Their thermal conductivities

are K; and K, also cross-sectional

areas A; and A, respectively. If the rate of flow
of heat through rod Q is three times that in rod
P, then

a)3K;A; = 2K,A, b)3K;A; = K,A,

) K1A; = 3K;A, d) 2K A; = 3K,A,
The coefficient of linear expansion of crystal in
one direction is a; and that in other two
directions perpendicular to it is a,. The
coefficient of cubical expansion is

a)ay + oy b)2a; + oy

cay + 20y d) None of these

Force is applied to a body of mass 2kg at rest
on a frictionless horizontal surface as shown in
the force against time (F - t) graph. The speed
of the body after 1 second is

Force
(M)
20
il
1 Il .
0.5 1.0 Time ()
a)7.5m/s b)12.5m/s
c)10m/s d)15m/s

Force is applied to a body of mass 2kg at rest
on a frictionless horizontal surface as shown in
the force against time (F - t) graph. The speed
of the body after 1 second is

Force
(™)
20
il
[III, 5 1 .Iﬂ' Time h[sj
a)7.5m/s b)12.5m/s
c)10m/s d)15m/s

Which of the following is NOT a mode of heat
transfer?

a) Conduction b) Radiation

) Sublimation d) Convection

An object is cooled from 75°C to 65°C in 2 min
in aroom at 30°C. The time taken to cool
another identical object from 55°C to 45°C in
the same room, in minutes is

a)4 b)5

)6 d)7

If the temperature difference on the two sides
of a wall increases from 100°C to 200°C, its
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thermal conductivity

a)remains unchanged b)is doubled

c) is halved d) becomes four times
100.A metal rod of Young’s module ‘Y’ and

coefficient of linear expansion ‘a’ has its

temperature raised by ‘A8’. The linear stress to

prevent the expansion of rod is (L and I is

original length of rod and expansion

respectively)
2
a)Y o AB b)y (%)
L Y x
_ d)—
Yy )76

101.1f there is a change of angular momentum from
1]-sto 4] - sin 4 s, then the torque
5 3
a)y] b)7 ]
c)1 il
)1] d)s )
102.1f there is a change of angular momentum from
1]-sto 4] - sin 4 s, then the torque
5 3
a)y] b)7 ]
c)1 il
)1] d)s )
103.A piece of ice melts completely when it falls
from a height ‘h’. Only 25% of the heat
produced is absorbed by the ice and all energy

of ice gets converted into heat during fall. The
value of ‘h’ is (Latent heat of ice= 3.5 X
10° kig,g =10 m/s?)
a) 140 km b) 125 km
c) 120 km d) 130 km

104.The temperature of equal masses of three
different liquids A, B and C are 12°C, 19°C and
28°C, respectively. The temperature when A
and B are mixed is 16°C and when B and C are
mixed is 23°C. The temperature when A and C
are mixed is
a)18.2°C b)22°C
c) 20.2°C d)24.2°C

105.Two forces each of magnitude ‘P’ act at right
angles. Their effect is neutralized by a third
force acting along their bisector in opposite
direction. The magnitude of the third force is

[cosE = 0]

2
a)P b) P2
c)V2P d)g

106.Two forces each of magnitude ‘P’ act at right
angles. Their effect is neutralized by a third
force acting along their bisector in opposite

direction. The magnitude of the third force is

[cosE = 0]

2
a)P b) Pv2
) V2P d)g

107.A wall has two layers A and B, made of two
different materials. The thermal conductivity
of material A is twice that of B. If the two layers
have same thickness and under thermal
equilibrium, the temperature difference across
the wall is 48°C, the temperature difference
across layer B is
a)40°C b)32°C
c)16°C d)24°C

108.Two cylindrical conductors A and B of same
metallic material have their diameters in the
ratio 1:2 and lengths in the ratio 2:1, if the
temperature difference between their ends is
same, the ration of heat conducted respectively
by A and B per second is
a)l:2 b)1:4
c) 1:16 d)1:8

109.The thermal conductivity of a rod depends on
a)length b)mass
c) area of cross section d)material of the rod

110.A gardener pushes a lawn roller through a
distance 20 m. If he applied a force of 20 kg-wt
in a direction inclined at 60° to the ground, the
work done by him is
a) 1960 b) 196
c)1.96] d) 196 kj

111.A gardener pushes a lawn roller through a
distance 20 m. If he applied a force of 20 kg-wt
in a direction inclined at 60° to the ground, the
work done by him is
a) 1960 b) 196
c)1.96] d) 196 kj

112.A steel rod of diameter 1 cm is clamped firmly
at each end when its temperature is 25°C, so
that it cannot contract on cooling. The tension
in the rod at 0°C is approximately (Take, a =
1075/°C,Y =2 x 10''Nm~2)

a)4000 N b)7000 N
c) 7400 N d)4700 N

113.The temperature difference between two sides
of an iron plate, 1.8 cm thick 9°C. Heat is
transmitted through the plate 10 k cal/sm? at

ready state. The thermal conductivity of iron is

kcal b)0.04 kcal
ms°C " ms°C

a)0.02
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kcal kcal
d)0.004
ms°C ms°C

114.A block of mass ‘m’ collides with another
stationary block of mass ‘2m’. The lighter block
comes to rest after collision. If the velocity of

¢) 0.05

first block is ‘u’, then the value of coefficient of
restitution is
a)0.6 b) 0.4
c)0.5 d)0.8

115.A block of mass ‘m’ collides with another
stationary block of mass ‘2m’. The lighter block
comes to rest after collision. If the velocity of
first block is ‘u’, then the value of coefficient of
restitution is
a)0.6 b) 0.4
c)0.5 d)0.8

116.A meter rod of silver at 0°C is heated to 100°C.
It's length is increased by 0.19 cm. Coefficient
of volume expansion of the silver rod is
a)5.7 x 107%/°C b)0.63 x 1075/ °C
c)1.9x1073/°C d)16.1 x 1075/ °C

117.Two masses of 1 gram and 4 gram are moving
with equal kinetic energy. The ratio of the
magnitudes of their momenta is
a)l1:16 b)1:2
c)V2:1 d)4:1

118.Two masses of 1 gram and 4 gram are moving
with equal kinetic energy. The ratio of the
magnitudes of their momenta is
a)1:16 b)1:2
V21 d)4:1

119.A calorimeter contains 10 g of water at 20°C.
The temperature falls to 15°C in 10 min. When
calorimeter contains 20 g of water at 20°C, it
takes 15 min for the temperature to become
15°C. The water equivalent of the calorimeter
is
a)s5g b)10g
c)25g d)50¢g

120.A body of mass ‘m’ moving with speed 3 m/s
collides with a body of mass 2m’ at rest. The
coalesced mass will start to move with a speed
of
a)3m/s b)1m/s
c)6m/s d)9 m/s

121.A body of mass ‘m’ moving with speed 3 m/s
collides with a body of mass ‘2m’ at rest. The
coalesced mass will start to move with a speed
of

a)3m/s b)1m/s

c)6m/s d)9 m/s

122.A cylindrical rod with one end in a steam
chamber and the other end in ice results in
melting of 0.1 g of ice per second. If the rod is
replaced by another with half the length and
double the radius of the first and if the thermal
conductivity of the material of the second rod
is 1/4 that of the first, the rate at which ice
melts (in gs 1) will be

0,
R,
0
R,
| )
a)3.2 b) 1.6
) 0.2 4)0.1

123.Two rods of copper and brass (K; > Kg) of
same length and area of cross-section are
joined as shown in the figure. End A is kept at
100°C and end B at 0°C. The temperature at the

junction
A|Cop|Br |B
per | as
s
2) will be more than b) will be less than
50°C 50°C
may be more or less
¢) will be 50°C than 50°C
depending upon the

size of rods

124.A metal sphere cools at the rate of 1.5 °C/min
when its temperature is 80°C. At what rate will
it cool when its-temperature falls to 50°C.
[Temperature of surrounding is 30°C]
a) 0.9 °C/min b) 0.6 °C/min
c) 1.5 °C/min d)1.2 °C/min

125.A block of mass 10 kg is suspended by three
strings as shown in the figure. The tension T»
is

60° 300

T, T;

T

1
|:| 10Kg

100 N 100
a) b) 5 N
c)V3 x 100N d)50v3 N
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126.A block of mass 10 kg is suspended by three
strings as shown in the figure. The tension T-
is

60° 300

T

1
|:| 10Kg

100 N 100
a) b) 75 N
c)v3 x 100N d)50v3 N

127.Two rods of same material, same length and
same radius transfer a given amount of heat in
‘t’ second when they are joined end to end.
When the rods are joined one above the other
then they will transfer same heat in same
conditions in time
a) 2t seconds b) % second

t
c) tsecond d) 1 second

128.The thermal conductivities of copper, mercury
and glass are respectively K¢, Ky and K¢ such
that K¢ > Ky > K. If same quantity of heat
flows per second per unit area of each and the
corresponding temperature gradients
are Xc, Xy and X then
a)Xc = Xm = Xg b) Xy > Xc > Xg
) Xc > Xum > Xg d)Xc < Xm < Xg

129.1n a steady state, the temperature at the ends A
and B of 20 cm long rod AB are 100°C and 0°C.
The temperature of a point 9 cm from A is
a)45°C b)55°C
c)5°C d)65°C

130.Figure shows three forces F;, F, and F; acting
along the sides of an equilateral triangle. If the
total torque acting at point ‘O’ (centre of
triangle) is zero, then the magnitude of ‘F5’ is

3]

a)F; —F, b)F{ — F3

c)Ff +F3 d)F; +F,
131.Figure shows three forces F;, F, and F; acting

along the sides of an equilateral triangle. If the

total torque acting at point ‘O’ (centre of

triangle) is zero, then the magnitude of ‘F3’ is

a)F; — F; b)F{ — F3
c)FZ +F3 d)F; +F,

132.A body cools from 50°C to 40°C in 5 min. The
surrounding temperature is 20°C. In what
further time (in minute) will it cool to 30°C?

15
a)5 b)—
2
25
0= d)10
3
133.The temperature difference between two sides
of metal plate 3 cm thick is 15°C. Heat is
transmitted through plate at the rate of 900

kcal per minute per m? at steady state. The
thermal conductivity of metal is

kcal kcal
a)1.8x 1072 b)4.5 x 1072
ms°C ms°C
kcal kcal
€)3x1072—— d)6 x 1072
ms°C ms°C

134.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 1is perfectly inelastic, the
percentage loss in the energy during the
collision is close to
a) 44% b)50%

c) 56% d)62%

135.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
a)44% b)50%

c)56% d)62%

136.A shell of mass ‘M’ initially at rest suddenly
explodes in three fragments. Two of these
fragments are of mass ‘M/4’ each, which move

with velocities 3ms~! and 4 ms~!

respectively
in mutually perpendicular directions. The
magnitude of velocity of the third fragment is
a)2.5ms™! b)1.5ms™?!
c)3.0ms™? d)2.0 ms™?!

137.A shell of mass ‘M’ initially at rest suddenly
explodes in three fragments. Two of these
fragments are of mass ‘M/4’ each, which move

with velocities 3ms™?! and 4 ms™? respectively
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in mutually perpendicular directions. The
magnitude of velocity of the third fragment is
a)2.5ms™! b)1.5ms™?!
c)3.0ms™! d)2.0ms™?
138.Consider a compound slab consisting of two
different materials having equal thickness and
thermal conductivities k and 2k in series ,The
equivalent conductivity of the slab is

a)%K b)V/2K

4

139.A metal rod having linear expansion coefficient
2 X 107°°C~! has alength of 1 m at 20°C. The
temperature at which it is shortened by 1 mm

1S
a)—20°C b)—15°C
) —30°C d)—25°C

140.A window glass of area 103 cm? and thickness
4 mm having temperature on one side is 32°C
and on the other side is—8°C. Coefficient of
thermal conductivity of glass is 2.2 cal/sm°C.
The rate of loss of heat through glass will be
a)2.2kcals™? b)2.2x 1073 cal s71
c)2.2cals™? d)2.2x 103 kcals™t

141.The ratio of thermal conductivity of two rods A
and B having same area of cross-section is 3:2.
If the thermal resistance of two rods is same,
then the ratio of length of rod A to length of rod
Bis
a)5:1 b)2:3
c) 3:2 d)1:5

142.A wooden black of mass ‘m’ moves with
velocity ‘V’ and collides with another block of
mass ‘4m’, which is at rest. After collision the
block of mass ‘m’ comes to rest. The coefficient
of restitution will be
a)0.7 b)0.25
c)0.4 d) 0.5

143.A wooden black of mass ‘m’ moves with
velocity ‘V’ and collides with another block of
mass ‘4m’, which is at rest. After collision the
block of mass ‘m’ comes to rest. The coefficient
of restitution will be
a)0.7 b)0.25
c)0.4 d)0.5

144.Two identical square rods of metal are welded
end to end as shown in Fig. (i), 20 cal of heat
flows through it in 4 min. If the rods are
welded as shown in Fig. (ii), the same amount
of heat will flow through the rods in

( O o< 0

a)1 min b) 2 min
c) 4 min d) 16 min

145.A sphere of mass ‘m’ moving with velocity ‘v’
collides head-on on another sphere of same
mass which is at rest. The ratio of final velocity
of second sphere to the initial velocity of the
first sphere is (e is coefficient of restitution
and collision is inelastic)

e—1 e
b —
a)— )5
+1
c) ¢
146.A sphere of mass ‘m’ moving with velocity ‘v’
collides head-on on another sphere of same
mass which is at rest. The ratio of final velocity
of second sphere to the initial velocity of the

first sphere is (e is coefficient of restitution
and collision is inelastic)

d)e

e—1 e
a) > b)z
e+1

d
c) > Je

147.The length of the two rods made up of the
same metal and having the same area of cross-
section are 0.6 m? and 0.8 m?, respectively.
The temperature between the ends of first rod
is 90°C and 60°C and that for the other rod is
150°Cand 110°C. For which rod, the rate of
conduction will be greater?
a) First b) Second
c) same for both d) None of these

148.The coefficient of thermal conductivity of
copper is nine times that of steel. In the
composite cylindrical bar shown in figure,
what will be the temperature at the junction of
copper and steel?

100°C < > Copper Steel 0°C

je——18cm —>i¢— 6 cm—>
a)75°C b)67°C
c)33°C d)25°C
149.Water is used to cool radiators of engine

because

a) of its lower density  b)it is easily available

c) itis cheap d) it has high specific
heat
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150.100 g of ice at 0°C is mixed with 100 g of water
at 100°C. What will be the final temperature of
the mixture?
a)10°C b) 20°C
c)30°C d)o°C

151.Work done in sliding a 1 kg block up a rough
inclined plane of height 5 m is 100 J. Work
done against the friction is (g = 10 m/s?)
a)75] b)25]

c)50] d)100]

152.Work done in sliding a 1 kg block up a rough
inclined plane of height 5 m is 100 J. Work
done against the friction is (g = 10 m/s?)

a)75] b)25]

c)50] d)100]
153.Find the value 0of—197°C temperature in

Kelvin.

a)47K b)76 K

c)470K d)760 K

154.A block of mass ‘M’ is pulled along a smooth
horizontal surface with a rope of mass ‘m’ by
force ‘F’. The acceleration of the block will be

F b F
F F
M+ m) d5

155.A block of mass ‘M’ is pulled along a smooth
horizontal surface with a rope of mass ‘m’ by
force ‘F’. The acceleration of the block will be

F b F
F F
M+ m) y ~

156.Three rods of material X and three rods of
material Y are connected as shown in figure.
All are identical in length and cross-sectional
area. If end A is maintained at 60°C, end E at
10°C, thermal conductivity of X is
0.92cals™* cm™! °C~! and that of Y is
0.46 cals™! cm™ °C™?, then find the
temperatures of junctions B, C, D.

C
X X
A X E
y B
y y
D

a) 20°C,30°C, 20°C
c) 20°C,20°C,30°C

b)30°C,20°C, 20°C
d)20°C, 20°C,20°C

157.A charge q, is moving along the circular path
of radius ‘R’ with a charge q, at its centre. A
charge q; makes two revolutions. The work
done will be

a) Zero 4192
b) 41T€0R
d1 d19>
) 4me R d) 41e,R2

158.A charge q, is moving along the circular path
of radius ‘R’ with a charge q, at its centre. A
charge q; makes two revolutions. The work
done will be

a) Zero 4192
b
) 4megR
d1 4192
) 4meyR d) 41eyR?

159.A liquid cools from 50°C to 45°C in 5 min and
from 45°C to 41.5°C in the next 5 min. The
temperature of the surrounding is
a)27°C b)40.3°C
c) 23.3°C d)33.3°C

160.A force F = (10 + 0.5x)N acts on a particle in
the x-direction. The work done by the force in
displacing the particle fromx=0tox = 2

metre is
a)42] b)63 ]
c)21] d)31.5]

161.A force F = (10 + 0.5x)N acts on a particle in
the x-direction. The work done by the force in
displacing the particle fromx=0tox = 2

metre is
a)42] b)63]
c)21] d)31.5]

162.The volume of a metal sphere increases by
0.30% when its temperature is raised by 50°C.
The coefficients of linear expansion of the
metal is
a)12 x 107> /°C b)3 x 1075 /°C
€)6x107° /°C d)2 x 1075 /°C
163.A block of mass ‘m’, kept on a horizontal
surface, is moved through a distances by
applying a horizontal force (F) to it. What is
the work done by the normal reaction?
a)E b) Zero
s

s
c)Fs d) F

164.A block of mass ‘m’, kept on a horizontal
surface, is moved through a distances by
applying a horizontal force (F) to it. What is
the work done by the normal reaction?
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F
a)- b)Zero
S

S
c)Fs d)ﬁ

165.Three rods of same dimensions are arranged
as shown in figure. They have thermal
conductivities K4, K, and K3. The points P and
Q are maintained at different temperatures.
For the heat flow at the same rate along PRQ
and PQ which of the following option is
correct?

P Q
K3

a)K3=%(K1+K2) b)K3; =K; +K;
K1Kz

K; +K,

166.A block of mass ‘m’ moving along a straight line
with constant velocity 3V collides with another
block of same mass at rest. They stick together
and move with common velocity. The common
velocity is

c)K;z =

d) K3 = Z(Kl + Kz)

3v

— b)3v
a) > )3v
v d)2v

167.A block of mass ‘m’ moving along a straight line
with constant velocity 3V collides with another
block of same mass at rest. They stick together
and move with common velocity. The common

velocity is

3v

— b) 3v
a) > )3v
Qv d) 2v

168.The coefficient of thermal conductivity of a rod
depends on its
a) Mass b) Area of cross section
c) Material of therod d)Length

169.The coefficient of linear expansion of brass and
steel rod are ‘a;’ and ‘a,’ respectively. Lengths
of brass and steel rods are ‘1;" and ‘1,’
respectively. If (1, —1,) is maintained same at
all temperatures, which one of the following
relations is correct?
a)oyly = ayly b)a?l, = a3l;
c) oyl3 = a,l? d);a; = La,

170.A thermometer bulb has volume 107® m3 and

cross-section of the stem is 0.002 cm?. The
bulb is filled with mercury at 0°C. If
temperature reads the temperature as 100°C,
the length of mercury column is (coefficient of
cubical expansion of mercury= 18 x 10~° /°C)
a) 0.9 mm b)90 cm
c)9cm d)9 mm

171.A ball at rest falls vertically on ground from a
height of 5m. The coefficient of restitution is
0.4. The maximum height of the ball after the
first rebound is g = 10 m/s?
a)0.6 m b)0.2 m
c) 0.8 m d)0.4 m

172.A ball at rest falls vertically on ground from a
height of 5m. The coefficient of restitution is
0.4. The maximum height of the ball after the
first rebound is g = 10 m/s?

a)0.6 m b)0.2 m
c)0.8 m d)0.4 m

173.1f specific heat of a substance is infinite, it
means
a) heat is given out b) heat is taken in
c) no change in d) All of the above

temperature takes

place whether heat is

taken in or given out

174.Two metal slabs of same cross-sectional area

have thickness ‘d;” and ‘d,’ and thermal
conductivities ‘K;” and ‘K’ respectively,
connected in series. The free ends of the two
slabs are kept at temperatures ‘T, and ‘T,’
(T; > T,). The temperature ‘T’ of their
common junction is

KiT; +K,T, KiT; +K,T,
K; +K; T+ T,
K;T;d; + K, T,d, K;Tid, + K, T,d4
Kid, + K,d; Kid, + K,d;

175.A metal ball released from height ‘h’ makes
perfectly elastic collision with ground. The
frequency of periodic vibratory motion is (g =
acceleration due to gravity)

2) 1 [2h b) 1 [g
2.0g 2nvh
9 1 [2h d)l B
2n. | g 2\ 2h

176.A metal ball released from height ‘h’ makes
perfectly elastic collision with ground. The
frequency of periodic vibratory motion is (g =
acceleration due to gravity)
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a)l 2h b) 1 [g
2]g 2n\h
9 1 |[2h d)l ,g
2n. | g 2\ 2h

177.A body is suspended from a rigid support by an
inextensible string of length ‘L’ on which
another identical body of mass ‘m’ struck in-
elastically moving with horizontal
velocity ,/ 2gL. The increase in the tension in
the string just after it is struck by the body is
a)4mg b) 3mg
c)mg d)2mg

178.A body is suspended from a rigid support by an
inextensible string of length ‘L’ on which
another identical body of mass ‘m’ struck in-
elastically moving with horizontal
velocity ,/2gL. The increase in the tension in
the string just after it is struck by the body is
a)4mg b)3mg
c)mg d)2mg

179.A black rectangular surface of area ‘A’ emits
energy ‘E’ per second at 27°C. If length and
breadth is reduced to (1/3)rd of its initial
value and temperature is raised to 327°C then
energy emitted per second becomes

20E 8E
)5 b~
16E AE
e ==
)5 )5

180.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. A particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is

M M
ax b)m+
m M
M—-—m m
d)—
C)M+m )M

181.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. A particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is

M M
a2 b)m+
m M
M—m m
d_
C)M+m )M

182.Two rods of different metals have coefficients
of linear expansion ‘a;’ and ‘a,’ respectively.
Their respective lengths are ‘L;" and ‘L,’". At all
temperatures (L, — L;) is same. The correct
relation is

a)Lyaf = L,o3 b)Liaf = L5aj
c)Lja, =Ly d)Lia; = Lya,
183.Two rods of same length and material are
joined end to end. They transfer heat in 8
second. When they are joined in parallel they
transfer same amount of heat in same
conditions in time
a)3s b)2s
c)1ls d)4s
184.A constant force acting on a body of mass 3.0
kg changes its speed from 2.0 m/s to 3.5 m/s in
25 s. The direction of motion of the body
remains unchanged. What is the magnitude
and direction of the force?
a)0.018 N, alongthe  b)0.18 N, opposite to
direction of motion the direction of
motion
d) 0.28 N, opposite to
the direction of
motion
185.A constant force acting on a body of mass 3.0
kg changes its speed from 2.0 m/s to 3.5 m/s in
25 s. The direction of motion of the body
remains unchanged. What is the magnitude
and direction of the force?
a)0.018 N, alongthe  b)0.18 N, opposite to
direction of motion the direction of
motion
d) 0.28 N, opposite to
the direction of
motion

c) 0.28 N, along the
direction of motion

c) 0.28 N, along the
direction of motion

186.A force produces an acceleration of 6 ms~2 in a
body of mass ‘m;’ kg. The same force produces
an acceleration of 4 ms™2 in the combination of

mass (m; + m,)kg. If the same force is applied

to mass ‘m,’ kg, then acceleration produced

will be
a)6 ms™2 b)9 ms~?2
c)12ms™2 d)3 ms™2

187.A force produces an acceleration of 6 ms™2 in a

body of mass ‘m;’ kg. The same force produces
an acceleration of 4 ms™2 in the combination of
mass (m; + m,)kg. If the same force is applied
to mass ‘m,’ kg, then acceleration produced

will be
a)6 ms™2 b)9 ms~?
c) 12 ms~? d)3 ms~?

188.A metal rod of cross-section area 3 X 107% m?
is suspended vertically from one end has a
length 0.4 m at 100°C. Now the rod is cooled
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upto 0°C, but prevented from contracting by
attaching a mass ‘m’ at the lower end. The
value of ‘m’is (Y = 10! N/m?, coefficient of
linear expansion= 1075/K, g = 10 m/s?)
a)30kg b)40 kg
c) 20 kg d)10 kg

189.A body of mass 2kg is acted upon by two each
of magnitude 1N and inclined at 60° with each
other. The acceleration of the body in?

iscos 60° = 0.5

a)V0.75 b)+/0.35
€)/0.65 d)v0.20

190.A body of mass 2kg is acted upon by two each
of magnitude 1N and inclined at 60° with each
other. The acceleration of the body in?

iscos 60° = 0.5

a)v0.75 b)+/0.35
c)v0.65 d)+/0.20

191.0ne end of a thermally insulted rod is kept at
temperature ‘T;’ and the other end at ‘T,,’. The
rod is composed of two sections of lengths ‘1;’
and ‘1,” having thermal conductivities ‘K’ and
‘K, respectively. The temperature ‘T’ at the
interface of the two sections is

Ty 4 - e
A K B Kz c
K,1,T; + K111 T, K1 Ty + K1, T,
( Kil; + K1, ) b ( Kil; + K,l, )
KiLT; + K1 T, K1, Ty + K41, T,
( Kil, + Kyl ) ( K,l; + K;l, )

192.A hot body at a temperature ‘T’ is keptin a
surrounding of temperature ‘T, . It takes time
‘t;’ to cool from ‘T’ to “T,’, time t, to cool from
‘T,’ to ‘T3’ and time ‘t3’ to cool from ‘T3’ to ‘“T,".
If(T—T,) = (T, = T3) = (T3 — Ty), then
a)t; >ty >ty b)t; =t, =t3
Aty >t, >t d)t; >t, =tg

193.A vehicle without passengers is moving on a
frictionless horizontal road with velocity ‘v’
can be stopped in a distance ‘d’. Now, 40% of
its weight is added. If the retardation remains
same the stopping distance at velocity ‘u’ is
a)d b) (1.2)d
c)(1.4)d d)(1.6)d

194.A vehicle without passengers is moving on a
frictionless horizontal road with velocity ‘v’
can be stopped in a distance ‘d’. Now, 40% of
its weight is added. If the retardation remains

same the stopping distance at velocity ‘u’ is
a)d b) (1.2)d
c)(1.4)d d)(1.6)d

195.A mass of 1 kg is suspended by a string. It is
first lifted up with an acceleration of 4.9 m/s?
and then lowered down with same
acceleration. The ratio of tensions in the string
in the two cases, respectively is g = 9.8 m/s?
a)1:3 b)2:1
c)3:1 d)1:2

196.A mass of 1 kg is suspended by a string. [t is
first lifted up with an acceleration of 4.9 m/s?
and then lowered down with same
acceleration. The ratio of tensions in the string
in the two cases, respectively is g = 9.8 m/s?
a)1:3 b) 2:1
c)3:1 d)1:2

197.A body cools from 100°C to 70 °C in 8 s. If the
room temperature is 15°C and assuming
Newton’s law of cooling holds good, then time
required for the body to cool

from 70 °C to 40 °C is
a)l4s b)8s
c)10s d)5s

198.A light string passes over a smooth light pulley
and connects two masses m; and m, (m, >
m, ) vertically at two ends. If the acceleration

1 : :
of the system is - m/s?, the ratio of masses is

(g = acceleration due to gravity)
a)7:9 b)5:7
c)2:3 d)3:4

199.A light string passes over a smooth light pulley
and connects two masses m; and m, (m, >
m, ) vertically at two ends. If the acceleration

1 . .
of the system is - m/s?, the ratio of masses is

(g = acceleration due to gravity)
a)7:9 b)5:7
c)2:3 d)3:4

200.A body cools from 80°C to 50°C in 5 min.
Calculate the time, it takes to cool from 60°C to
30°C. The temperature of the surroundings is
20°C.
a) 9 min b) 7 min
c) 8 min d) 10 min

201.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. A particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is
a)M/m b)m/M

Page] 16



M — +M
k= m a2
+m m

202.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. A particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is

a)M/m b)m/M
C)M—m d)m+M
M+ m m

203.Two rods P and Q have equal lengths. Their
thermal conductivities are K; and K, and
cross-sectional areas are A; and A,. When the
temperature at ends of each rod are T; and T,
respectively, the rate of flow of heat through P
and Q will be equal, if

A Ky A K T

A, Ky A, KT

oM K o _ (&)2
A Kz Ay \Kq

204.A body cools from 80°C to 64°C in 5 minute and
same body cools from 80°C to 52°Cin 10
minute. The temperature of surroundings is
a) 24°C b) 26°C
) 28°C d)22°C

205.A beaker contains 200 g of water. The heat
capacity of the beaker is equal to that of 20 g of
water. The initial temperature of water in the
beaker is 20°C. If 440 g of hot water at 92°C is
poured in it, the final temperature (neglecting
radiation loss) will be nearest to
a)58°C b) 68°C
c)73°C d)78°C

206.0ut of the fundamental forces in nature,
maximum and minimum range is respectively

b)

for
a) Electromagnetic b) Strong nuclear
force, gravitational force,
force electromagnetic
force
c) Gravitational force, d)Gravitational force,
weak nuclear force electromagnetic
force

207.0ut of the fundamental forces in nature,
maximum and minimum range is respectively

for

a) Electromagnetic b) Strong nuclear
force, gravitational force,
force electromagnetic

force
c) Gravitational force, d)Gravitational force,

weak nuclear force electromagnetic

force

208.A bullet of mass 20 gram is fired from a gun of
mass 2.5 kg with a speed of 750 m/s. The
magnitude of recoil velocity of the gun is
a)6ém/s b)18 m/s
c)12m/s d)3m/s

209.A bullet of mass 20 gram is fired from a gun of
mass 2.5 kg with a speed of 750 m/s. The
magnitude of recoil velocity of the gun is
a)6ém/s b)18 m/s
c)12m/s d)3m/s

210.A beaker is completely filled with water at 4°C.
It will overflow, if

a) heated above 4°C b) cooled below 4°C
both heated and d) None of the above
cooled above and

) below 4°C,
respectively

211.A Diwali cracker releases 25 gram gas per
second, with a speed of 400 ms™1 after
explosion. The force exerted by gas on the
cracker is
a) 16 newton b) 100 dyne
¢) 10,000 dyne d) 10 newton

212.A Diwali cracker releases 25 gram gas per
second, with a speed of 400 ms™~! after
explosion. The force exerted by gas on the
cracker is
a) 16 newton b) 100 dyne
¢) 10,000 dyne d) 10 newton

213.Two rods of different materials having
coefficients o thermal expansions a4, a, and
Young's modulli 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, is equal to

7
Y,
7
%
v
a)2:3 b)1:1
c)3:2 d)4:9

214.A billet is fired from a gum. The fore on the
bullet is given by F = (600 x 2x 105 t), where
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F is in newton and t is second. The force on the
bullet becomes zero as soon as it leaves the
barrel. What is the average impulse imparted
to the bullet?

a)9 N-s b)Zero

c) 0.9 N-s d)1.8 N-s

215.A billet is fired from a gum. The fore on the

bullet is given by F = (600 X 2x 105 t), where
F is in newton and t is second. The force on the
bullet becomes zero as soon as it leaves the
barrel. What is the average impulse imparted
to the bullet?

a)9 N-s b)Zero

c) 0.9 N-s d)1.8 N-s

216.A bar of iron is 10 cm at 20°C. At 19°C, it will be

(ape = 11 X 1076/ °C)

11X 10~ cm
shorter

c) 11 x 107> cm shorterd) 11 x 10~° cm longer

a)11 x 107 cm longer b)

217.A block of mass ‘m’ moving on a frictionless

horizontal surface collides with a spring of
spring constant ‘K’ and compresses it through
a distance ‘X’. The maximum momentum of the
block after collision is

a)vVmK x b) mx? /K
c) Zero d)Kx?/2m

218.A block of mass ‘m’ moving on a frictionless

horizontal surface collides with a spring of
spring constant ‘K’ and compresses it through
a distance x’. The maximum momentum of the
block after collision is

a)vVmK x b) mx? /K
c) Zero d)Kx?/2m

219.Two rods of lengths 1; and 1, are made of

materials whose coefficient of linear
expansions are a4 and a5, respectively. If the
difference between two lengths is independent
of temperature, then

| o | o
- b)— =—2
I, I, o
2 2
c)l3o; = a d)ﬂ=ﬂ
L L

220.The rate of flow of heat through a copper rod

with temperature difference 28°C
is 1400 cal s71. The thermal resistance of
copper rod will be

°Cs °Cs

a)0.05 — b)0.02 —
°Cs °Cs
c)5 o d)2 o

221.Two masses ‘m;’ and ‘m,’ moving with

velocities ‘v;" and ‘v,’ in opposite directions
collide elastically and after collision ‘m;” and
‘m,’ move with velocity ‘v,” and ‘v;’
respectively, the ratio v, /v, is

a)0.5 b)0.25

1 d)0.75

222.Two masses ‘m;’ and ‘m,’ moving with
velocities ‘v;" and ‘v,’ in opposite directions
collide elastically and after collision ‘m;” and
‘m,’ move with velocity ‘v,” and ‘v’
respectively, the ratio v, /v, is
a)0.5 b)0.25
1l d)0.75

223.Equal temperature differences exist between
the ends of two metallic rods 1 and 2 of equal
lengths. Their thermal conductivities are Ky
and K, and area of cross-section are A; and A,,
respectively. The condition of equal rates of
heat transfer is
a)KiA, = KA, b)K;A; = KA,
c)K,;A? = K,A3 d)K?A, = K2A,

224.A metal rod of length L and cross-sectional
area A is heated through T°C. What is the force
required to prevent the expansion of the rod
lengthwise?

(Y = Young’s modulus of material of the rod, a
= coefficient of linear expansion of the rod)
a)YAaT/(1 — aT) b)YAaT/(1 + aT)

c) YAa/T(1 + aT) d)YAa/(1 — aT)
225.A metal ball of mass 2 kg moving with a speed
of 10 ms~* had a head-on collision with a
stationary ball of mass 3 kg. If after collision,
both the balls move together, then the loss in

kinetic energy due to collision is
a)100] b)60]
c)40] d)140]

226.A metal ball of mass 2 kg moving with a speed
of 10 ms~! had a head-on collision with a
stationary ball of mass 3 kg. If after collision,
both the balls move together, then the loss in
kinetic energy due to collision is
a)100] b)60 ]

c)40] d)140]

227.What is the change in volume of an iron sphere
of volume 500 cm3, when it is heated
from 0°C to 100°C?

a)1.6 cm?3 b)2 cm?

c) 1.4 cm3 d)1.8 cm3
228.Newton'’s law of cooling holds good only, if the

temperature difference between the body and
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the surroundings is

a) Less than 10°C b) More than 10°C

¢) Less than 100°C d) More than 100°C
229.A uniform rod of mass ‘M’ and length ‘L’ is

suspended from the rigid support. A small

bullet of mass ‘m’ hits the rod with velocity ‘v’

and gets embedded into the rod. The angular

velocity of the system just after impact is

3MV 3MV
DM+ mL DM+ 2mL

3mV 3mV
M+ 3mL DM FmL

230.A uniform rod of mass ‘M’ and length ‘L’ is
suspended from the rigid support. A small
bullet of mass ‘m’ hits the rod with velocity ‘v’
and gets embedded into the rod. The angular
velocity of the system just after impact is

3MV 3MV
DM+ mL DY M+ Zm)L

3mV 3mV
M+ 3m)L DM T mL

231.A steel tape measures the length of a copper
rod as 90.0 cm, when both are at 10°C, the
calibration temperature for the tape. What
would be tape read for the length of the rod
when both are at 30°C ? (Take, « for steel is
1.2 X 107> °C~1 and a for copper is 1.7 X

1075°C™1)
a)90.01 cm b)89.90 cm
€)90.22 cm d) 89.80 cm

232.In system of two particles of masses m; and
m,, the first particle is moved by a distance d
towards the centre of mass. To keep the centre
of mass unchanged, the second particle will
have to be moved by a distance

o2 d, towards the cen s d, away from the c
a) my b) my

s d, towards the cent o2 d, away from the c
C) my d) my

233.In system of two particles of masses m; and
m,, the first particle is moved by a distance d
towards the centre of mass. To keep the centre
of mass unchanged, the second particle will
have to be moved by a distance

&2 d, towards the cen s d, away from the ¢
a) myq b) mj

! d, towards the cent 2 d, away from the ¢
C) m; d) my

234.A body of mass 5kg is moving in a straight line.

The relation between its displacement and
time is x = (t3 — 2t — 10)m. What is the force
acting on it at the end of 5 second?
a)120 N b)80 N
c)150 N d)100 N

235.A metal rod is heated to t°C. A metal rod has
length, area of cross-section, Young’s modulus
and coefficient of linear expansion as ‘L’, ‘A’, ‘Y’
and ‘o’ respectively. When the rod is heated,
the work performed is

1 1
a) EYALoth2 b) EYALZ a?t?

1
¢) 5 YALat d) YALat

236.A metal block is made from a mixture of 2.4 kg
of aluminium 1.6 kg of brass and 0.8 kg of
copper. The amount of heat required to raise
the temperature of this block from 20°C to
80°C is (Take, specific heats of aluminium,
brass and copper are 0.216,0.0917 and
0.0931cal kg~1°C™1, respectively)

a) 96.2 cal b)44.4 cal
) 86.2 cal d) 62.8 cal

237.A wooden black of mass ‘m’ moves with
velocity ‘V’ and collides with another block of
mass ‘4m’, which is at rest. After collision the
block of mass ‘m’ comes to rest. The coefficient
of restitution will be
a)0.7 b)0.25
c)0.4 d) 0.5

238.Rate of flow of heat through a cylindrical rod is
‘H; . The temperature of the ends of the rod are
‘T;" and ‘T,’. If all the dimensions of the rod are
doubled and the temperature difference
remains the same, the rate of flow of heat
becomes ‘H,’. Then

a) Hz = 4‘H1 b) H2 = 2H1

Hy Hy
c)H, =— d H, = —
JH, == H, =

239.A clock with an iron pendulum keeps correct
time at 15°C. What will be the error in second
per day, if the room temperature is 20°C?
(Take, coefficient of linear expansion of iron is
0.000012°C™1)
a)2.6s b)6.2s
c)13s d)3.1s

240.Three rods of the same mass are placed as
shown in figure. What will be the coordinates
of centre of mass of the system?
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(0,a)

0 (a, 0)
)33 b)[7575]
c) [V2 a,v/2a] d) E %]

241.Three rods of the same mass are placed as
shown in figure. What will be the coordinates
of centre of mass of the system?

(0,2)

0 (a, 0)
)53 b) [ ]
c) [V2 a,V2a] d) E g]

242.The density of a substance at 0°Cis 10 g/cc and
at 100°C, its density is 9.7 g/cc. The coefficient
of linear expansion of the substance is
a)10~*°c1! b)1072°C™t
c)1073°c™? d)10%°c™?

243.1f the force acting on a inversely proportional
to its speed. the kinetic energy of the body is

a) constant b) directly
proportional to time
c) inversely d) directly

proportional to time  proportional to
square of time
244.1f the force acting on a inversely proportional

to its speed. the kinetic energy of the body is

a) constant b) directly
proportional to time
c) inversely d) directly

proportional to time  proportional to
square of time
245.The kinetic energy acquired by a body of mass
‘M’ in travelling a certain distance ‘d’, starting
from rest, under the action of constant force is
Inversely b) Directly
4 proportional to VM proportional to M
¢) Independent of M q Directly
proportional to VM

246.The kinetic energy acquired by a body of mass

‘M’ in travelling a certain distance ‘d’, starting
from rest, under the action of constant force is
Inversely b) Directly
a proportional to VM proportional to M
c) Independent of M d Directly
proportional to VM
247.A metal wire has cross-sectional area ‘A’ and
elastic limit ‘E’. The maximum upward
acceleration (a) is given to a mass ‘m’ of
elevator supported by the cable of metal wire,
so that stress does not exceed half the elastic
limit. The mass of the elevator is
(g = acceleration due to gravity)

) —Z(iz - b) 2(gE i 2)
EA 2(g—a)
C)Z(g--a) 4 EA

248.A metal wire has cross-sectional area ‘A’ and
elastic limit ‘E’. The maximum upward
acceleration (a) is given to a mass ‘m’ of
elevator supported by the cable of metal wire,
so that stress does not exceed half the elastic
limit. The mass of the elevator is
(g = acceleration due to gravity)

) —Z(gEZ 2 b) 2<gE i 2
EA 2(g—a)
V-2 T

249.Five objects of different masses are
simultaneously released vertically downwards
from height ‘h’ (in air). Which physical
quantity associated with the objects will
change at the instant they strike the ground?
(neglect the air resistance)
a) Time b) Momentum
c) Velocity d) Acceleration

250.Five objects of different masses are
simultaneously released vertically downwards
from height ‘h’ (in air). Which physical
quantity associated with the objects will
change at the instant they strike the ground?
(neglect the air resistance)
a) Time b) Momentum
c) Velocity d) Acceleration

251.A block of mass ‘m’ moving on a frictionless
surface at speed ‘V’ collides elastically with a
block of same mass, initially at rest. Now the
first block moves at an angle ‘0’ with its initial
direction and has speed ‘V;’. The speed of the
second block after collision is
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a),/V—-V, b) [V2Z + V2
€)yVZ Vi d) |VZ -2

252.A block of mass ‘m’ moving on a frictionless
surface at speed ‘V’ collides elastically with a
block of same mass, initially at rest. Now the
first block moves at an angle ‘0’ with its initial
direction and has speed ‘V;’. The speed of the
second block after collision is

a) JV—V, b) V2 + V2
c)/Vz - V2 d) [vZ—v?

253.A ball falls in the downward direction from
height ‘h’ with initial velocity V. It collides with
3
4
to the same height. The initial velocity 'V’ is (g
= acceleration due to gravity)

a)\/@ b),/2gh
c)/3gh d)/6gh

254.A ball falls in the downward direction from
height ‘h’ with initial velocity V. It collides with

ground, loses ( )th of energy and comes back

3

4
to the same height. The initial velocity V' is (g
= acceleration due to gravity)

a),/gh b)/2gh
03¢ NG

255.The ratio of weights of a man inside a lift when
it is stationary and when it is going down with
a uniform acceleration ‘a’ is 3:2. The value of ‘a’
will be(a < g, g = acceleration due to gravity)

ground, loses ( )th of energy and comes back

3 g
a)zg b)3
2
d)—

g )3g

256.The ratio of weights of a man inside a lift when
it is stationary and when it is going down with
a uniform acceleration ‘a’ is 3:2. The value of ‘@’
will be(a < g, g = acceleration due to gravity)

3 g
a)zg b)3
2
d)—

g )3g

257.Three identical blocks A, B and C are placed on
horizontal frictionless surface. The blocks B
and C are at rest. But A is approaching towards
B with a speed 10ms™?!
restitution for all collisions is 0.5. The speed of
the block C just after collision is

. The coefficient of

A(e) (]

a)5.6 ms™! b)6 ms™?
c)8ms~?! d)10 ms™?!

258.Three identical blocks A, B and C are placed on
horizontal frictionless surface. The blocks B
and C are at rest. But A is approaching towards
B with a speed 10ms™!
restitution for all collisions is 0.5. The speed of
the block C just after collision is

(A=) (e

a)5.6 ms™! b)6 ms™!
c)8ms1! d)10 ms™?!

259.A force of F = 2x? — x + 4 acts on a body of
mass 3 kg and displaces it fromx=0tox =
3m. The work done by the force is
a)30.5] b)35.5]

c)15.5] d)25.5]

260.A force of F = 2x? — x + 4 acts on a body of
mass 3 kg and displaces it fromx=0tox =
3m. The work done by the force is
a)30.5] b)35.5]

c)155] d)25.5]

261.A car of mass ‘m’ moving with velocity ‘u’ on a
straight road in a straight line, doubles its
velocity in time t. The power delivered by the
engine of a car for doubling the velocity is

3mu? 2

. The coefficient of

mu
a b)——
) 2t ) 2t
2 2
J 2mu d) 3mu
t t

262.A car of mass ‘m’ moving with velocity ‘u’ on a
straight road in a straight line, doubles its
velocity in time t. The power delivered by the
engine of a car for doubling the velocity is

3mu? 2

mu
a b)—
) 2t ) 2t

2 2

9 2mu d) 3mu
t t

263.A weight is suspended from the mid-point of a
rope, whose ends are at the same level. In
order to make the rope perfectly horizontal,
the force applied to each of its ends must be
a)less than w b)equal to w
c) equal to 2w d) infinitely large

264.A weight is suspended from the mid-point of a
rope, whose ends are at the same level. In
order to make the rope perfectly horizontal,
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the force applied to each of its ends must be
a)less thanw b)equal to w
c) equal to 2w d)infinitely large

265.A stationary body explodes into two parts of
masses ‘M;’ and ‘M,". They move in opposite
directions with velocities ‘V;" and ‘V,’. The ratio
of their kinetic energies is
a)M,: M, b) 3M,:4M,
c)2M,: M, d)M,: 2M,

266.A stationary body explodes into two parts of
masses ‘M;’ and ‘M,". They move in opposite
directions with velocities ‘V;” and ‘V,’. The ratio
of their kinetic energies is
a)M,: M, b) 3M,: 4M,
c)2M,: M, d)M,: 2M;

267.A batsman hits a ball of mass 0.2kg straight
towards the bowler without changing its initial
speed of 6 m/s. What is the impulse imparted

to the ball?
a)3.2 N-s b)1.6 N-s
c)4 N-s d)2.4 N-s

268.A batsman hits a ball of mass 0.2kg straight
towards the bowler without changing its initial
speed of 6 m/s. What is the impulse imparted

to the ball?
a)3.2 N-s b)1.6 N-s
c)4 N-s d)2.4 N-s

269.Two perfectly elastic particles A and B of equal
masses travelling along the line joining them,
with velocities 15 ms?! and 10 ms!. After
collision, their velocities will be
a)10 ms1,10 ms? b) 15 ms1,15 ms-!
c)10ms1, 15 ms-! d)15 ms-1,10 ms!
270.Two perfectly elastic particles A and B of equal
masses travelling along the line joining them,
with velocities 15 ms?! and 10 ms?l. After
collision, their velocities will be
a)10 ms1,10 ms-? b) 15 ms1,15 ms-!
)10 ms-1,15ms 1 d)15 ms 1,10 ms-!
271.n’ number of balls each having mass ‘m’ and
velocity ‘u’ hit a wall elastically and normally in
2 seconds. The force exerted by them on the

wall is
1
a)num b) - num
1
c) —num d)— - num

272.‘n’ number of balls each having mass ‘m’ and
velocity ‘u’ hit a wall elastically and normally in
2 seconds. The force exerted by them on the
wall is

1

a)num b) - hum
1
c) —num d)— - num

273.Two spheres of masses 2 kg and 4 kg are
situated at the opposite ends of a wooden bar
of length 9 m. Where will centre of mass of the
system be?
a) 3 m from 2kg sphere b)6 m from 2kg sphere
c) 6 m from 4kg sphere d)2 m from 4kg sphere

274.Two spheres of masses 2 kg and 4 kg are
situated at the opposite ends of a wooden bar
of length 9 m. Where will centre of mass of the
system be?
a) 3 m from 2kg sphere b) 6 m from 2kg sphere
c) 6 m from 4kg sphere d)2 m from 4kg sphere

275.Figure shows three forces F;, F, and F; acting
along the sides of an equilateral triangle. If the
total torque acting at point ‘O’ (centre of the

triangle) is zero then the magnitude ofF_3) is

a)F; +F, b)F; — F,
Fl_FZ Fl

c d)—

) 3 )Fz

276.Figure shows three forces F,, F, and F; acting
along the sides of an equilateral triangle. If the
total torque acting at point ‘O’ (centre of the
triangle) is zero then the magnitude OfF_g) is

¢ B
Fi ?
a)F; + F, b)F; — F,
F, — F, Fy
c d)=—
) > )F2

277.A spring balance is attached to the ceiling of a
lift. A man hangs his bag on the spring and the
spring balance reads 49 N, when the lift is
stationary. If the lift moves downward with an
acceleration of 5 m/s?, the reading of the
spring balance will be

(g = 9.8 m/s?)
a) 74 N b)15 N
)24 N d)49 N

278.A spring balance is attached to the ceiling of a
lift. A man hangs his bag on the spring and the
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spring balance reads 49 N, when the lift is
stationary. If the lift moves downward with an
acceleration of 5 m/s?, the reading of the
spring balance will be

(g =9.8m/s?)
a) 74N b)15 N
) 24N d)49 N

279.A particle at rest explodes into two particles of
masses m; and m, which move in opposite
directions with velocities v; and v,
respectively. The ratio of kinetic
energies E; to E, respectively is
a)m,:my b)m;: m,

c)1l:m, d)1:1

280.A particle at rest explodes into two particles of
masses m; and m, which move in opposite
directions with velocities v; and v,
respectively. The ratio of kinetic
energies E, to E, respectively is
a)m,:my b)m;: m,

c)1l:m, d)1:1

281.In carbon monoxide molecules, the carbon and
the oxygen atoms are separated by distance 1.2
X 10-19 m. The distance between the particles
a)0.48 x 10-19m b)0.51 X 10-1°m
c)0.56 X 10-10 m d)0.69 x 101°m

282.In carbon monoxide molecules, the carbon and
the oxygen atoms are separated by distance 1.2
X 1019 m. The distance between the particles
a)0.48 x 10-19m b)0.51 X 10-1°m
c)0.56 X 10-10 m d)0.69 x 10°m

283.A block of mass ‘m’ moving on a frictionless
surface at speed ‘V’ collides elastically with a
block of same mass, initially at rest. Now the
first block moves at an angle ‘6’ with its initial
direction and has speed ‘V;’. The speed of the
second block after collision is

a) V2 — V2 b) |VZ—V?2

c)/VZ+ V2 d)/V-V;

284.A block of mass ‘m’ moving on a frictionless
surface at speed ‘V’ collides elastically with a
block of same mass, initially at rest. Now the
first block moves at an angle ‘6’ with its initial
direction and has speed ‘V;’. The speed of the
second block after collision is

a) [vZ—V? b) |VZ—V?2

0) V2 + V2 ) V-V,

285.A particle at rest explodes into two particles of

mass ‘m;’ and ‘m,” which move in opposite
direction with velocities ‘V;” and ‘V,’
respectively. The ratio of kinetic energies ‘E;’

to ‘E,’ is
a)l:m, b)m,:my
c)my:m, d)1:1

286.A particle at rest explodes into two particles of
mass ‘m;’ and ‘m,” which move in opposite
direction with velocities ‘V;" and ‘V,’
respectively. The ratio of kinetic energies ‘E;’

to ‘E,’ is
a)l:m, b)m,: my
c)m;:m, d)1:1

287.Two masses ‘m,’ and ‘my’ moving with
velocities ‘V," and ‘V,,’ opposite directions
collide elastically. Alter the collision ‘m,’ and
‘mp’ move with velocities and ‘V," and ‘V,’
respectively, then the ratio m,: my, is

V, + V)
a a b b)l
V, — Vp 2
91 gl Vo
Va+ Wy

288.Two masses ‘m,’ and ‘my’ moving with
velocities ‘V," and ‘V},’ opposite directions
collide elastically. Alter the collision ‘m," and
‘my” move with velocities and ‘V}," and ‘V,’
respectively, then the ratio m,: my, is

Vo +V, 1

a a b b)—

V, -V, 2
C)l d)Va—Vb
Va+Vp

289.Two masses ‘m;’ and ‘m,’ moving with
velocities ‘v;" and ‘v,’ in opposite directions
collide elastically and after collision masses
‘m;” and ‘m,’ move with velocity ‘v,” and ‘v;’

respectively. The ratio (%) is

1

a)l b)1.25
c)0.75 d)1.5

290.Two masses ‘m;’ and ‘m,’ moving with
velocities ‘v;" and ‘v,’ in opposite directions
collide elastically and after collision masses
‘m;” and ‘m,’ move with velocity ‘v,” and ‘v;’

respectively. The ratio (%) is
1

a)l b)1.25
c)0.75 d)1.5

291.A bullet of mass ‘m’ hits a target of mass ‘M’
hung to a string and gets embedded in it. If the
block with embedded bullet swings and rises
to a height 'h’ as a result of this inelastic
collision, the velocity of the bullet before
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collision is

D WEmg b))
9 <M+m

— )Zgh d) (m + M)gh

292.A bullet of mass ‘m’ hits a target of mass ‘M’
hung to a string and gets embedded in it. If the
block with embedded bullet swings and rises
to a height ‘h’ as a result of this inelastic
collision, the velocity of the bullet before
collision is

a)y/(M + m)gh

M+ m

c)(

m

293.In one dimensional collision between two
identical particles A and B, where B is
stationary and A has momentum p before
impact. During impact B gives an impulse | to
A. Then, coefficient of restitution between the

() v

) 2gh d) (m + M)gh

two is
2] 2]
—-——1 =-4+1
a)p b)p+
J J
-+1 -—1
c)p+ d)p

294.In one dimensional collision between two
identical particles A and B, where B is
stationary and A has momentum p before
impact. During impact B gives an impulse | to
A. Then, coefficient of restitution between the

two is
2] 2]
= - =+1
a)p b)p+
J J
=41 =—1
c)p+ d)p

295.The work done by a force on body of mass 5 kg
to accelerate it in the direction of force from
rest to 20 m/s? in 10 second is
a)1073] b)4 x 1073
c)2x103] d)1073]

296.The work done by a force on body of mass 5 kg
to accelerate it in the direction of force from
rest to 20 m/s? in 10 second is
a)1073] b)4 x 1073 ]
c)2x103] d)1073]

297.A force of 26 N is acting on a body of mass 2 kg
in the x-y plane. Force is directed at an

12 . .
angle cos™! (E) with x-axis. The component of

acceleration along y-axis is
a)5m/s? b)8 m/s?
c)3m/s? d)12 m/s?
298.A force of 26 N is acting on a body of mass 2 kg
in the x-y plane. Force is directed at an

angle cos™! (g) with x-axis. The component of

acceleration along y-axis is
a)5m/s? b)8 m/s?
c)3m/s? d)12 m/s?

299.A bomb at rest explodes into 3 parts of same
mass. The momentum of two parts is -3p1 and
2pj, respectively. The magnitude of momentum

of the third part is
a)p b)V5p
V11 p d)Vi3p

300.A bomb at rest explodes into 3 parts of same
mass. The momentum of two parts is -3pi and
2pj, respectively. The magnitude of momentum
of the third part is

a)p b)V5p
C)\/ﬁp d)\/ﬁp

301.Three bodies each of mass 1 kg are situated at
the vertices of an equilateral triangle of side 1
m. The xy-coordinates of centre of mass of the
system are

(Grzs )

I(z3) (5572

302.A mass 2+/3 kg is acted upon by two forces
which are inclined to each other at 60° and
each of magnitude 1N. The acceleration of that
mass in SI system is
sin30° = cos 60° = 0.5
a) 0.9 m/s? b) 0.7 m/s?
¢) 0.5m/s? d)0.3 m/s?

303.A mass 2+/3 kg is acted upon by two forces
which are inclined to each other at 60° and
each of magnitude 1N. The acceleration of that
mass in SI system is
sin30° = cos 60° = 0.5
a) 0.9 m/s? b) 0.7 m/s?
¢) 0.5m/s? d)0.3 m/s?

304.A vehicle accelerates from speed ‘V’ to 2V’.
Work done during this is
a) Less than the work  b) Four times as the

done in accelerating
it from restto V

work done in
accelerating it from
resttoV

d) Three times as work
done in accelerating
it from restto V

c) Same as the work
done in accelerating
it from restto V
305.A vehicle accelerates from speed ‘V’ to 2V".
Work done during this is
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a) Less than the work  b) Four times as the
done in accelerating ~ work done in
it from rest to V accelerating it from
resttoV
c) Same as the work ~ d) Three times as work
done in accelerating  done in accelerating
itfromresttoV itfromresttoV

306.An objective is displaced from point A ( 2m,

3m, 4m) to a point B (1m, 2m,3m) to a point B
(1m,2m,3m) under a constant force F = (227 +
3j + 4k )N, then the work done by this force in
this process is

a)9] b)-9]

c) 18] d)-18]

307.An objective is displaced from point A ( 2m,

3m, 4m) to a point B (1m, 2m,3m) to a point B
(1m,2m,3m) under a constant force F = (227 +
3 + 4k )N, then the work done by this force in
this process is

a)9] b)-9]

c)18] d)-18]

308.The relationship between force and position is

shown in figure given (in the dimensional
case). The work done by the force in displacing
abody fromx=1cmtox=05cmis

A
204
1ot —
2 1 2 3 4 5 6
g 104
x(cm)
2041
a)20erg b) 60 erg
c)70 erg d)700 erg

309.The relationship between force and position is

shown in figure given (in the dimensional
case). The work done by the force in displacing
abodyfromx=1cmtox=5cmis

A
20+
~ 107 —
|
S 0 :
2 1 2 3 4 5 6
S -104
x(cm)
20 4+
a)20erg b) 60 erg
c)70erg d) 700 erg

310.A see-saw of length 6 m is pivoted at its centre.

A child of mass 20 kg is sitting at one of its
ends. Where should another child, of mass 30

kg, sit on the other end from the centre of see-
saw, so that it is balanced?
a)lm b)3 m
c)2m d)4 m
311.A see-saw of length 6 m is pivoted at its centre.
A child of mass 20 kg is sitting at one of its
ends. Where should another child, of mass 30
kg, sit on the other end from the centre of see-
saw, so that it is balanced?
a)lm b)3 m
c)2m d)4 m
312.The collision of two balls of equal mass takes
place at the origin of coordinates. Before
collision, the components of velocities are (vx
=-50cmstand vy =0) and (vx = - 40 cms -1
and = 30 cms?). The first ball comes to rest
after collision.
The velocity (components vy and vy, =
respectively) of the second ball are
a)10 cmstand 30 cmstb)30 cmstand 10
cms-1
c)5 cms tand 15 cms?! d)15 cmstand 5 cms'?
313.The collision of two balls of equal mass takes
place at the origin of coordinates. Before
collision, the components of velocities are (v
=-50 cms?!and vy =0 ) and (vx = - 40 cms !
and = 30 cms). The first ball comes to rest
after collision.
The velocity (components vy and vy, =
respectively) of the second ball are
a)10 cmstand 30 cmstb)30 cmstand 10
cms-1
c)5cms-tand 15 cms? d)15 cmstand 5 cms-!
314.Three bodies P, Q and R have masses ‘m’ kg,
‘2m’ kg and ‘3m’ kg respectively. If all the
bodies have equal kinetic energy, then greater
momentum will be for body/bodies.
a)Q b)R
c)Pand Q d)P
315.Three bodies P, Q and R have masses ‘m’ kg,
2m’ kg and ‘3m’ kg respectively. If all the
bodies have equal kinetic energy, then greater
momentum will be for body/bodies.
a)Q b)R
c)Pand Q d)P
316.The kinetic energy of a light body and a heavy
body is same. Which one of the following
statements is CORRECT?
a) Body having high b) The heavy body has
velocity has greater greater momentum
momentum
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c) Both bodies have
same momentum

d) The light body has
greater momentum
317.The kinetic energy of a light body and a heavy
body is same. Which one of the following
statements is CORRECT?

a) Body having high b) The heavy body has
velocity has greater greater momentum
momentum

c) Both bodies have d) The light body has

same momentum greater momentum

318.A man of mass m stands on a platform of equal
mass m and pulls himself by two ropes passing
over pulleys as shown in figure. If he pulls each
rope with a force equal to half his weight, then

his upward acceleration would be

AN

g g
a); b);
dg d) zero

319.A man of mass m stands on a platform of equal
mass m and pulls himself by two ropes passing
over pulleys as shown in figure. If he pulls each
rope with a force equal to half his weight, then
his upward acceleration would be

SONNNNNNN

g g

a); b);
dg d) zero

320.A sphere of mass 25 gram is placed on a
vertical spring. It is compressed by 0.2 m using
a force 5 N. When the spring is released, the
sphere will reach a height of

(g = 10 m/s?)
a)6 cm b)8 cm
c)10 cm d)2m

321.A sphere of mass 25 gram is placed on a
vertical spring. It is compressed by 0.2 m using

a force 5 N. When the spring is released, the
sphere will reach a height of

(g = 10 m/s?)
a)6cm b)8 cm
c)10 cm d)2m

322.Alift is tied with thick iron ropes having mass
‘M’. The maximum acceleration of the lift is ‘a’
m/s? and maximum safe stress is ‘S’ N/m?. The
minimum diameter of the rope is
(g = acceleration due to gravity)

2M(g+ a) 1/2 2M(g —a) 1/2
a)|——~ b)|—————=
TS mS
1/2
4M(g + a) 4M(g —a)
0)|——= d)|———
S S
323.Alift is tied with thick iron ropes having mass
‘M’. The maximum acceleration of the lift is ‘@’
m/s? and maximum safe stress is ‘S’ N/m?. The

minimum diameter of the rope is
(g = acceleration due to gravity)

2) [ZM(g + a)]l/2 b) [ZM(g - :;1)]1/2
S S

0 [4M(g + a)] a [4M(g — a)]l/2
S S

324.A 40 n block supported by two ropes. One rope
is horizontal and the other makes an angle of
30° with the ceiling. The tension in the rope
attached to the ceiling is approximately

1/2

1/2

a)80 N b)40 N
c)40v3 N OEN

325.A 40 n block supported by two ropes. One rope
is horizontal and the other makes an angle of
30° with the ceiling. The tension in the rope
attached to the ceiling is approximately

a)80 N b)40 N
c)40v/3 N )FN

326.A body of mass m collides on, elastically with
velocity u with another identical body at rest.
After collision, velocity of the second body will
be
a) zero b)u
c)2u d) Data insufficient

327.A body of mass m collides on, elastically with
velocity u with another identical body at rest.
After collision, velocity of the second body will
be
a) zero b)u
c)2u d) Data insufficient

328.A bullet of mass 20 g moving with a velocity of
200 m/s strikes a target and is brought to rest
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in (1/50)™ of a second. The impulse and
average force of impact are respectively
a)2 Ns, 100 N b)4 Ns, 200 N
c)2Ns, 200N d)4 Ns, 100 N

329.A bullet of mass 20 g moving with a velocity of
200 m/s strikes a target and is brought to rest
in (1/50)™ of a second. The impulse and
average force of impact are respectively
a)2Ns, 100 N b)4 Ns, 200 N
c)2Ns, 200N d)4 Ns, 100 N

330.A ball of mass ‘m’ falls from height ‘h’ on a floor
for which the coefficient of restitution is ‘e’.
After two rebounds, the height attained by the
ball is

a)eh b)Veh
c)e*h d)e?h

331.A ball of mass ‘m’ falls from height ‘h’ on a floor
for which the coefficient of restitution is ‘e’.
After two rebounds, the height attained by the
ball is

a)eh b)Veh
c)e*h d)e?h

332.A body of mass ‘m’ begins to move under the
action of time dependent force F = (ti + 2t2))N
where 1 and j are unit vectors along x and y axis
respectively. The power developed by the force

in watt at time ‘t’ is
3 3t t2 4t
2 <3m a) b) <a+§>
2 3tt 2 4t
) <2m %) 9 <2m 3m>
333.A body of mass ‘m’ begins to move under the
action of time dependent force F = (ti + 2t2))N

where 1 and j are unit vectors along x and y axis
respectively. The power developed by the force

in watt at time ‘t’ is
t3 3t3 b t? 4t
A\ 3m*2m Nt 3m

- 3t4 q t3  4t°
Nomt2m Nomt3m

334.1f W;, W, and W5 represent the work done in
moving a particle from A to B along three
different paths 1, 2 and 3 (as shown in figure)
in the gravitational field of the point mass ‘m’.
Find the correct relation between ‘W;’, ‘W,’
and ‘W5’

L A

a)W; <W; < W, b)W; > W; > W,

AW, =W, =W; dW; <W, <W;
335.1f W;, W, and W5 represent the work done in

moving a particle from A to B along three

different paths 1, 2 and 3 (as shown in figure)

in the gravitational field of the point mass ‘m’.

Find the correct relation between ‘W;’, ‘'W,’

and ‘W5’

B

@

L A
a)W; <W; <W, b)W; > W; > W,
OW; =W, =W; AW, < W, <W;
336.1f bullet of mass ‘m;’ is fired from a gun of mass
‘m,’ with a speed of ‘V;’, then the recoil
velocity of gun is

m,V. m
a)— Hll ! b)—— \2,
2 1vV1

_ mp m, V,

c) m,V, d) m,

337.1f bullet of mass ‘m;’ is fired from a gun of mass
‘m,” with a speed of ‘V;’, then the recoil
velocity of gun is

m,V m
0Ty
2 11

m; m; Vy

c) .V d) m,

338.Two masses M; and M, are accelerated
uniformly on frictionless surface as shown in
figure. The ratio of the tensions T; /T, is

—>a

l M, =~ T T,
- =1 My

////1///////,-/!//,/

M; b M;
N, + M, W,
M, +M M
) —— d)—*

M, M,

339.Two masses M; and M, are accelerated
uniformly on frictionless surface as shown in
figure. The ratio of the tensions T; /T, is

—>a
T
M, —— { Ty
////1///////,-/!//,/
M
a)———— b)—
M; + M, M,
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M; + M, M,
) M—z d)—
340.If torque is zero, then
a)angular momentum b)linear momentum is
is conserved conserved
c) energy is conserved d)angular momentum
is not conserved
341.If torque is zero, then
a)angular momentum b)linear momentum is
is conserved conserved
c) energy is conserved d)angular momentum
is not conserved
342.A force (F) = —5i — 7] + 3k acting on a particle
causes a displacement (g) = 31 — 2§ + akin its
own direction. If the work done is 14 ], then the
value of ‘a’ is
a)o b) 15
5 d)1
343.A force (F) = —5i — 7] + 3k acting on a particle
causes a displacement (g) = 31 — 2§ + akin its
own direction. If the work done is 14 ], then the
value of ‘a’ is
a)o b) 15
5 d)1
344.A ball at test falls vertically on the ground from
a height of 5m. The coefficient of restitution is
0.4. The maximum height of the ball after the
first rebound is [g = 10 ms™?]
a)lm b)0.8 m
c)4m d)2m
345.A ball at test falls vertically on the ground from
a height of 5m. The coefficient of restitution is
0.4. The maximum height of the ball after the
first rebound is [g = 10 ms™?]
a)lm b)0.8 m
c)4m d)2 m
346.A body of mass ‘M’ moving with velocity ‘V’
explodes into two equal parts. If one part
comes to rest and the other part moves with
velocity ‘vy’. What would be the value of ‘v,’?
a)v b) 2V
9 v d)4v
V2
347.A body of mass ‘M’ moving with velocity ‘V’
explodes into two equal parts. If one part
comes to rest and the other part moves with
velocity ‘vy’. What would be the value of ‘v,'?
a)Vv b) 2V
9 v d)4v
V2

348.Consider a system of two particles having
masses ‘m;’ and ‘m,’. If the particle of mass m,
is pushed towards the centre of mass of the
particles through a distance ‘d’, by what
distance particle of mass m, move so as to
keep the centre of mass of particles at the
original position?
m; my
a)—xd b)——— xd
m; my; + m,
my
c)—xd d)d
m;
349.Consider a system of two particles having
masses ‘m;’ and ‘m,’. If the particle of mass m,
is pushed towards the centre of mass of the
particles through a distance ‘d’, by what
distance particle of mass m, move so as to
keep the centre of mass of particles at the

original position?
m,
b)———— xd
mq + m,

m;
a) —xd
mq
e x d
c) m, d)d
350.In a system of two particles of masses ‘m;’ and
‘m,’, the second particle is moved by a distance
‘d’ towards the centre of mass. To keep the
centre of mass unchanged, the first particle
will have to be moved by a distance

214, away from the 22 4, towards the
m; my

a)
centre of mass

! d, towards the
m;

centre of mass

m
) m—z d, away from the
C 1

centre of mass centre of mass

351.In a system of two particles of masses ‘m;’ and
‘m,’, the second particle is moved by a distance
‘d’ towards the centre of mass. To keep the
centre of mass unchanged, the first particle
will have to be moved by a distance

s d, away from the 2 d, towards the
m, b) M1

a)

centre of mass centre of mass

2 d, away from the s d, towards the
mq dym:

<)
centre of mass centre of mass

352.n’ balls each of mass ‘m’ moving with the same

velocity ‘u’ hit a wall elastically and normally in

2 second. The force exerted by the balls on the

wall is
2
a) m;n b) 2mun
mun
€) mun d) -

353.n’ balls each of mass ‘m’ moving with the same
velocity ‘u’ hit a wall elastically and normally in
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2 second. The force exerted by the balls on the

wall is
2
a) m;n b) 2mun
mun
¢) mun d)T

354.A smooth sphere of mass M moving with
velocity u directly collides elastically with
another sphere of mass m at rest. After
collision. their final velocities are v' and v,
respectively. The value of v is

2uM 2um
- D)
2u 2u

C) 1+2 d) 1+ e

355.A smooth sphere of mass M moving with
velocity u directly collides elastically with
another sphere of mass m at rest. After
collision. their final velocities are v' and v,
respectively. The value of v is

2uM 2um
| D)=
2u 2u

9 g d) M

356.A force F = (10 + 0.5x) acts on a particle in the
x-director. What would be the work done by
this force during a displacement from x = 0 to
x = 2m (F is in newton and x in metre)?
a)31.5] b)63]

c)21] d)42]

357.A force F = (10 + 0.5x) acts on a particle in the
x-director. What would be the work done by
this force during a displacement from x = 0 to
x = 2m (F is in newton and x in metre)?
a)31.5] b)63]

c)21] d)42]

358.Alift is tied with thick iron rope having mass

‘m’. The maximum acceleration of the lift is ‘@’

. . ., N
m/s? and maximum safe stress is ‘s’ — The

minimum diameter of the rope is g =
acceleration due to gravity

2) [4m(g + a)]l/2 b) [4m(g + a)]
TS 21s

9 [m(g + a)]l/2 a) [4m(g — a)]l/2
s s

359.Alift is tied with thick iron rope having mass
‘m’. The maximum acceleration of the lift is ‘a’

1/2

. . N
m/s? and maximum safe stress is ‘s’ — The

minimum diameter of the rope is g =
acceleration due to gravity

2) 4m(g+a) 1/2 b) 4m(g+a) 1/2
[ s ] [ 2ms ]

9 [m(g + a)]l/2 ) [4m(g - a)]l/2
s s
360.A body of mass ‘4m’ lying in x - y plane
suddenly explodes into three parts. Two parts
each of mass ‘m’ move with same speed ‘v’ as
shown in figure. The total kinetic energy
generated due to explosion is

1
(sin 459 = cos45° = —)

V2
a) mv? b) 2mv?
1 3
) 2 mv? d) > mv?

361.A body of mass ‘4m’ lying in x - y plane
suddenly explodes into three parts. Two parts
each of mass ‘m’ move with same speed ‘v’ as
shown in figure. The total kinetic energy
generated due to explosion is

1
(sin 459 = cos45° = —)

V2
a) mv? b) 2mv?
3
Z my2 A2 mu2
) 5 mv ) 5 mv

362.An aircraft is moving with uniform velocity
150 m/s in the space. If all the forces acting on
it are balanced, then it will
a)Fall down on earth  b)Keep moving with
same velocity
d) Remain floating at
its place.
363.An aircraft is moving with uniform velocity

c) Escape in space

150 m/s in the space. If all the forces acting on
it are balanced, then it will
a) Fall down on earth  b) Keep moving with
same velocity
d) Remain floating at
its place.
364.A smooth sphere of mass ‘M’ moving with
velocity ‘v’ directly collides elastically with
another sphere of mass ‘m’ at rest. After

c) Escape in space

collision, their final velocities are V' and V
respectively. The value of V is given by

2u 2u
V42 by, M
M m
2uM 2
9 u d) um
m M

365.A smooth sphere of mass ‘M’ moving with
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velocity ‘u’ directly collides elastically with
another sphere of mass ‘m’ at rest. After
collision, their final velocities are V' and V
respectively. The value of V is given by

2u 2u
V42 by M
M m
2uM 2
9 u a) um
m M

366.The centre of mass of a system of particles
done not depend on

a) masses of the b)internal force on the

particles particles
c) position of the d) relative distance
particles between the

particles
367.The centre of mass of a system of particles
done not depend on

a) masses of the b)internal force on the

particles particles
c) position of the d)relative distance
particles between the

particles

368.For a perfectly elastic collision, the coefficient
of restitution is
a)l b)0.75
c) Zero d)0.5

369.For a perfectly elastic collision, the coefficient
of restitution is
a)l b)0.75
c) Zero d)0.5

370.‘N’ number of balls of mass ‘m’ kg moving
along positive direction of x-axis, strike a wall
per second and return elastically. The velocity
of each ball is ‘v’ m/s. The force exerted on the
wall by the balls in newton, is

a) 2mNu b) m;\lu
)0 d) mNu

371.'N’ number of balls of mass ‘m’ kg moving
along positive direction of x-axis, strike a wall
per second and return elastically. The velocity
of each ball is ‘u’ m/s. The force exerted on the
wall by the balls in newton, is

N
a) 2ZmNu b) mz 4
)0 d)mNu

372.A uniform metal disc of radius R is taken and
out of it a disc of diameter R is cut- off from the
end. The centre of mass of the remaining part
will be

R R from the centre
a) " from the centre b)3

R
R — from the centre
c) T from the centre d)e

373.A uniform metal disc of radius R is taken and
out of it a disc of diameter R is cut- off from the
end. The centre of mass of the remaining part
will be

R
R —from the centre
a) " from the centre b)3

R
R — from the centre
9= from the centre d)e

374.A body of mass 6 kg is acted upon by a force ,
so that its velocity changes from 3 ms™!, then
change in momentum is
a)48 N-s b) 24 N-s
c) 30 N-s d)12 N-s

375.A body of mass 6 kg is acted upon by a force ,
so that its velocity changes from 3 ms™%, then
change in momentum is
a)48 N-s b) 24 N-s
c) 30 N-s d)12 N-s

376.A man of weight ‘W’ is standing in a lift which
is moving upwards with acceleration ‘a’. The
apparent weight of the man is

e
gw (1 _ E) d)Zero
g

377.A man of weight ‘W’ is standing in a lift which
is moving upwards with acceleration ‘a’. The
apparent weight of the man is

(14

gw (1 _ 3) d)Zero
378.A body of mass 5 kg is moving with velocity of

v=(21+6) mlatt=0s. After timet=2s,

velocity of body is (101 +6j), then change in

momentum of body is

a) 401 kg-ms-1 b) 201 kg-ms-1

c) 30 kg-ms-! d) (501 + 309) kg-ms-!
379.A body of mass 5 kg is moving with velocity of

v=(21+6) mlatt=0s.After time t = 2's,

velocity of body is (101 +6j), then change in

momentum of body is

a) 401 kg-ms-1 b) 201 kg-ms-!

c) 301 kg-ms-1 d) (501 + 30j) kg-ms-!
380.A ball kept at 20 m height falls freely in
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downward direction vertically and hits the
ground. The coefficient of restitution is 0.4.
After the first rebound the upward velocity

isg = 10 m/s?
a)4m/s b)8 m/s
c)16m/s d)12 m/s

381.A ball kept at 20 m height falls freely in
downward direction vertically and hits the
ground. The coefficient of restitution is 0.4.
After the first rebound the upward velocity

isg =10 m/s?
a)4m/s b)8 m/s
c)16m/s d)12m/s

382.1f the surface is smooth, the acceleration of the
block m, will be

m,
m,g 2m,g
a) b))t ms
4mq+ m; 4 m;+m;
2m,g 2myg
) ot am. dDosms
m1+ 4m2 m1+ m,

383.If the surface is smooth, the acceleration of the
block m, will be

m
_meg by 228
)4m1+ m, )4m1+ m,
) Zng ) Zmlg
m4+ 4m, m;+ m,

384.1f a force of 250 N act on body, the momentum
acquired is 125 kg-m/s. What is the period for
which force act on the body?
a)0.5s b)0.2's
c)0.4s d)0.25s

385.1f a force of 250 N act on body, the momentum
acquired is 125 kg-m/s. What is the period for
which force act on the body?
a)0.5s b)0.2's
c)0.4s d)0.25s

386.A body of mass ‘M’ begins to move under the

action of time dependent force F = (ti + 2t%)N
where 1 and j are unit vectors along X and Y
axis respectively. The power developed by the

force in watt at time tis
t2 3t4 b t3 4t5
a) 3m 4m o m %

t2 3t t3 4t
) (Zm 5m ) a) ( 3m>
387.A body of mass ‘M’ begins to move under the
action of time dependent force F= (1 + 2t3))N

where 1 and j are unit vectors along X and Y
axis respectively. The power developed by the

force in watt at time t is
t* 3ttt t3 4t°
2(stam) Ot m)
t2 3t 3 4t°
) (Zm 5m ) d) <2m 3_m)
388.Let a force F = —Fk acts on the origin of
Cartesian frame of reference. The moment of
force about a point (1, —1) will be
a)Fd -1 b)F(i +7)
c)—F@-17) d)—F(@i+7)
389.Let a force F = —Fk acts on the origin of
Cartesian frame of reference. The moment of
force about a point (1, —1) will be
a)FI-17) b)F(i + )
) —F(i - ) d)—F(i +7)
390.Moment of a force of magnitude 20 N acting
along positive x- direction at point (3, 0, 0)
about the point (0, 2, 0) (in N-m) is
a)20 b) 60
c) 40 d) 30
391.Moment of a force of magnitude 20 N acting
along positive x- direction at point (3, 0, 0)
about the point (0, 2, 0) (in N-m) is
a) 20 b) 60
c) 40 d) 30
392.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. The particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is

M M
Nk b)m+
m
m M—m
— d
C)M )M+m

393.A particle of mass ‘m’ collides with another
stationary particle of mass ‘M’. The particle of
mass ‘m’ stops just after collision. The
coefficient of restitution is
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a)M b)m+M
m

Mm

m —m

2 M 9 M+ m

394.Figure shows a composite system of two
uniform roads of lengths as indicated. Then,
the coordinates of the centre of mass of the
system of roads are

1y

2L

ceo-l —> X
OE L

() 05

9(5:3) (53)

395.A block of mass ‘m’ collides with another
stationary block of mass ‘2m’. The lighter block
comes to rest after collision. If the velocity of
first block is ‘u’, then the value of coefficient of
restitution is
a)0.8 b) 0.4
c)0.5 d)0.6

396.A block of mass ‘m’ collides with another
stationary block of mass ‘2m’. The lighter block
comes to rest after collision. If the velocity of
first block is ‘u’, then the value of coefficient of
restitution is
a)0.8 b) 0.4
c)0.5 d)0.6

397.Alift of mass ‘m’ is ascending with an
acceleration ‘a’ (a < g). The tension in the cable
of the lift is (g = acceleration due to gravity)
a)m(a - g) b)m(g —a)
c)m(2g+ a) d)m(g+a)

398.Alift of mass ‘m’ is ascending with an
acceleration ‘a’ (a < g). The tension in the cable
of the lift is (g = acceleration due to gravity)
ajm(a—g) b)m(g —a)
c)m(2g + a) d)m(g+a)

399.The motion of a rocket in upward direction
with high speed is based on the principle of
conservation of
a) Angular momentum b)Kinetic energy
¢) Linear momentum d)Mass

400.The motion of a rocket in upward direction
with high speed is based on the principle of

conservation of
a) Angular momentum b)Kinetic energy
c) Linear momentum d)Mass

401.A gardener pushes a lawn roller through a
distance 20 m. If he applies a force of 30 kg-wt
in a direction inclined at 60° to the ground, the
work done by the gardener in pushing the
roller is

g= 9.82 sin30° = cos 60° -1 cos 30°
. SZ’ 4’

3
=sin60°=1/C
2
a)3940] b)2460]
) 2940 ] d)3640]

402.A metal sphere is hanging from the ceiling of a
vehicle. If the vehicle is moving along the
horizontal road with uniform acceleration ‘a’
then the suspended thread of the sphere gets
inclined to the vertical at an angle ‘0’. The value
of acceleration ‘a’ is (g = acceleration due to

gravity)
a)g b)gcosB
c)gsin 0 d)gtan®

403.A metal sphere is hanging from the ceiling of a
vehicle. If the vehicle is moving along the
horizontal road with uniform acceleration ‘a’
then the suspended thread of the sphere gets
inclined to the vertical at an angle ‘0’. The value
of acceleration ‘@’ is (g = acceleration due to

gravity)
a)g b)gcosB
c)gsin® d)gtan®

404.The kinetic energy acquired by a body of mass

‘M’ in travelling a certain distance ‘d’, starting

from rest, under the action of constant force is
Directly proportional b Inversely

a

to VM proportional to VM
c) Independent of M Directly
d :

proportional to VM

405.The kinetic energy acquired by a body of mass

‘M’ in travelling a certain distance ‘d’, starting

from rest, under the action of constant force is
Directly proportional | _Inversely

a
to VM proportional to VM

c) Independent of M d Directly
proportional to VM

406.A body of mass m moving with velocity v
collides head on with another body of mass 2m
which is initially at rest. The ratio of KE of
colliding body before and after collision will be
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a)l:1 b)2:1
c)4:1 d)9:1

407.A body of mass m moving with velocity v
collides head on with another body of mass 2m
which is initially at rest. The ratio of KE of
colliding body before and after collision will be
a)l:1 b)2:1
c)4:1 d)9:1

408.In a system of two particles of masses ‘m;’ and
‘m,’, the first particle is moved by a distance ‘d’
towards the centre of mass. To keep the centre
of mass unchanged, the second particle will
have to be moved by a distance

! d, away from the o d, towards the
m, m;

a)
centre of mass

M2 d, towards the
my

centre of mass

Tz 4, away from the
c)™m
centre of mass

409.1In a system of two particles of masses ‘m;’ and
‘m,’, the first particle is moved by a distance ‘d’
towards the centre of mass. To keep the centre

centre of mass

of mass unchanged, the second particle will
have to be moved by a distance

iy, away from the 1 4, towards the
mp mp

a)
centre of mass

M2 d, towards the
my

centre of mass

m
) m—2 d, away from the
C 1

centre of mass centre of mass

410.A uniform metal rod of length 1 m is bent at
909, so as to form two arms of equal length.
The centre of mass of this bent rod is

on the bisector of the  on the bisector of

a)angle, (%) m from b)the angle, (ﬁi) m

vertex from vertex
on the bisector of the on the bisector of

d) the angle, (4\/_)

vertex from vertex
411.A uniform metal rod of length 1 m is bent at

c) angle, ( )m from

90°, so as to form two arms of equal length.
The centre of mass of this bent rod is
on the bisector of the on the bisector of

a)angle, (\/_) m from  b)the angle, ( \/_)

vertex from vertex

on the bisector of the on the bisector of
) angle,(%)m from d) the angle, (4 \/_)

vertex from vertex

412.The weight of a man in a lift moving upwards
with an acceleration ‘a’ is 620 N. When the lift
moves downwards with the same acceleration,

his weight is found to be 340 N. The real
weight of the man is
a)620 N b)680 N
c)380N d)480 N

413.The weight of a man in a lift moving upwards
with an acceleration ‘a’ is 620 N. When the lift
moves downwards with the same acceleration,
his weight is found to be 340 N. The real
weight of the man is
a)620 N
c)380N

b)680 N
d)480 N

414.A rod ‘1" m long is acted upon by a couple as
shown in figure. The moment of couple is ‘T’
Nm. If the force at each end of the rod, the
magnitude of each force is
(sin30° = cos 60° = 0.5)

415.A rod ‘" m long is acted upon by a couple as
shown in figure. The moment of couple is ‘v’
Nm. If the force at each end of the rod, the
magnitude of each force is
(sin30° = cos 60° = 0.5)

416.A door 1.2 m wide requires a force of 1 N to be
applied perpendicular at the free end to open
or close it. The perpendicular force required at
a point 0.2 m distant from the hinges for
opening or closing the door is
a)6.0 N b)3.6 N
c)1.2N d)2.4N

417.A door 1.2 m wide requires a force of 1 N to be
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applied perpendicular at the free end to open
or close it. The perpendicular force required at
a point 0.2 m distant from the hinges for
opening or closing the door is
a)6.0 N b)3.6 N
c)1.2N d)2.4N

418.A ball of mass ‘m’ falls height ‘h’ on a floor for
which the coefficient of restitution is ‘e’. After
two rebounds, the height attained by the ball is

a)Veh b)eh
c)e’h d)e*h

419.A ball of mass ‘m’ falls height ‘h’ on a floor for
which the coefficient of restitution is ‘e’. After
two rebounds, the height attained by the ball is

a)Veh b)eh
c)e?h d)e*h

420.A body moves along a straight line and the
variation of its kinetic energy with time is
linear as shown in the figure below. Then the
force acting on the body is

KE.

time
a) Zero b) Constant greater
than zero
c) Inversely d) Directly

proportional to proportional to
velocity velocity
421.A spring of spring constant ‘k’ is compressed
through X’ cm and is used to push a metal ball
of mass ‘m’. The velocity with which the metal
ball moves is

Ix (%)1/2

)x (= d)

A (X —

() o

422.A spring of spring constant ‘k’ is compressed
through %’ cm and is used to push a metal ball

of mass ‘m’. The velocity with which the metal
ball moves is

a)x(g)”

w®" o

423.10* small balls, each weighing 1 gram

kx
b)—
m

1/2

kx
b)—
m

1/2

strike 1 cm? area per second with a velocity
100 m/s in perpendicular direction and
rebound with the same velocity. The value of

pressure on the surface will be
a)2 x 107 N/m? b)107 N/m?
)2 x 103 N/m? d)7 x 10° N/m?
424.10* small balls, each weighing 1 gram
strike 1 cm? area per second with a velocity
100 m/s in perpendicular direction and
rebound with the same velocity. The value of
pressure on the surface will be
a)2 x 107 N/m? b) 107 N/m?
c) 2 x 103 N/m? d)7 x 10> N/m?
425.A body of weight 2 kg is suspended as shown
in figure. The tension T in the horizontal string
(in kg-wt) is

30°

2 kg-wt

a)2/v3 b)V/3/2
c)2v3 d)2

426.A body of weight 2 kg is suspended as shown
in figure. The tension T in the horizontal string
(in kg-wt) is

30°

2 kg-wt

a)2/V3 b)+v/3/2
c)2v/3 d)2

427.A 4 kg mass and a 1 kg mass are moving with
equal energies. The ratio of the magnitude of
their momenta is
a)4:1 b)1:1
c)1:2 d)2:1

428.A 4 kg mass and a 1 kg mass are moving with
equal energies. The ratio of the magnitude of
their momenta is

a)4:1 b)1:1
c)1:2 d)2:1

429.A cricket ball of mass 150 g has an initial
velocity

u = (31 + 4j)ms~?! and a final velocity
v = (31 + 4))ms ™1, after being hit.
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The change in momentum (final momentum -
initial momentum) is (in kg ms™1)
a) zero b)—(0.451 + 0.67)
c) —(0.91 + 1.29) d)-50 + i

430.A cricket ball of mass 150 g has an initial
velocity
u = (31 + 4)ms~?! and a final velocity
v = (31 + 4)ms™}, after being hit.
The change in momentum (final momentum -
initial momentum) is (in kg ms~1)
a) zero b)—(0.451 + 0.67)
c) —(0.91 + 1.2) d)-50 + i

431.A force F = Ay?2 +By + C acts on a body in the y
-direction. The work done by force during a
displacement fromy =-atoy =ais

3 3
)2“‘3“ b) 2*‘3“ +2Ca

9 2A3a3 +BTaZ +Ca d) None of these

432.A force F = Ay? +By + C acts on a body in the y
-direction. The work done by force during a

displacement fromy =-atoy =ais

3 3
a) ZA: b) 2A3a + 2Ca

9 2Aga3 +BTaZ 1 Ca d) None of these

433.A bullet is fired from the gun. It hits the solid

block resting on a frictionless surface, gets
embedded into it and both move jointly. In this

process,
a) Only kinetic energy isb) Both momentum
conserved and kinetic energy

are not conserved
c) Both momentum and d) Only momentum is
kinetic energy are conserved
conserved
434.A bullet is fired from the gun. It hits the solid
block resting on a frictionless surface, gets
embedded into it and both move jointly. In this
process,
a) Only kinetic energy isb) Both momentum
conserved and kinetic energy
are not conserved
¢) Both momentum and d) Only momentum is
kinetic energy are conserved
conserved
435.The torque of a force F = -31+ 7+ 5Kk acting
on a point r = 71 + 3) + k about origin will be
a) 141 - 38) + 16k b) 41 + 4j + 6k
c)-14i + 38 - 16k d)-21i + 3j + 5k
436.The torque of a force F = -31+ 7+ 5Kk acting
on a point r = 71 + 3) + k about origin will be

a) 141 - 38} + 16k b) 41 + 4j + 6k
c)-14i + 38j - 16k d)-217 + 3j + 5k
437.Force acting on a particle is (2i + 3j) N. Work
done by this force is zero, when a particle is
moved on the line 3y 4+ kx = 5. value of k is
a)2 b) 4
)6 d)8
438.Force acting on a particle is (2i + 3j) N. Work
done by this force is zero, when a particle is
moved on the line 3y 4+ kx = 5. value of kis
a)2 b) 4
)6 d)8
439.The force F acting on a particle is moving in a
straight line as show in figure. What is the
work done by the force on the 4 m of the

trajectory

F(N)

A

L3 P,
0 s i m
a)5] b)10]
c)15] d)2.5]

440.The force F acting on a particle is moving in a
straight line as show in figure. What is the
work done by the force on the 4 m of the

trajectory

F(N)

A

3
0 S 4 > x(m)
a)5] b)10]
c)15] d)2.5]

441.A ball released from a certain height strikes the
ground after 2 second. After bouncing from the
ground it rises to a highest point in 1 second.
The coefficient of restitution is
a)0.4 b)0.3
c)0.2 d)0.5

442.A ball released from a certain height strikes the
ground after 2 second. After bouncing from the
ground it rises to a highest point in 1 second.
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The coefficient of restitution is
a)0.4 b)0.3
c)0.2 d) 0.5

443.Three point masses m;, my and M3 are placed at
the corners of a thin massless rectangular
sheet (1.2 m X 1 m) as shown. Centre of mass
will be located at the point?

my = 2.4 kg
R
C :
1m g
A 12m B m,=2 kg
a)(0.8,0.6) m b) (0.6, 0.8) m
c)(0.4,0.4) m d)(0.5,0.6) m

444.Three point masses mj, mz and M3 are placed at
the corners of a thin massless rectangular
sheet (1.2 m X 1 m) as shown. Centre of mass
will be located at the point?

A
m; = 2.4 kg
R
C 5
I m '

A 12m B m,=2 kg
a)(0.8,0.6) m b) (0.6, 0.8) m
c)(0.4,0.4) m d) (0.5, 0.6) m

445.Centre of mass is a point

a) Which is the b) Which is the origin
geometric centre ofa  of reference frame
body

c) Where the whole d) From which
mass of the body is distances of all
supposed to be particles are same
concentrated

446.Centre of mass is a point

a) Which is the b) Which is the origin
geometric centre ofa  of reference frame
body

c) Where the whole d) From which
mass of the body is distances of all
supposed to be particles are same
concentrated

447 .How much work must be done by a force on 50
kg body in order to accelerate it in the
direction of force from restto 20 ms-1in 10 s?

a)103] b)104 ]
c)2x103] d)4 x 104 ]

448.How much work must be done by a force on 50
kg body in order to accelerate it in the
direction of force from restto 20 ms-1in 10 s?
a)103] b)104 ]
c)2x103] d)4 x 104 ]

449.A body is projected in vertically upward
direction from the surface of the earth of
radius ‘R’ into the space with velocity ‘nV,’ (n
< 1). The maximum height from the surface of
earth to which a body can reach is (V, = escape

velocity)
2n2 2p2
a)nR b)nR
1—n 1 —n?
2n2 2
C)nR d nR
1+n 1+ n?

450.Two satellites ‘A’ and ‘B’ of same mass are
revolving round the earth at height ‘2R’ and
‘3R’ respectively above the surface of the earth.
The ratio of kinetic energies of A to B will be
a)3:2 b) 4:3
c)3:4 d)2:3
451.An artificial satellite stays in the orbit around
the earth because
a) Earth’s attraction on it is balanced by the
attraction of the planets
b) The fuel in the satellite burns and releases
hot gases which produce thrust
c) Earth’s attraction on it is just balanced by
the viscous force on it produced by the
atmosphere
d)Earth’s attraction on in produces necessary
centripetal force
452.The binding energy of a body does not depend
upon
a) Mass of the planet
b) Its distance from the centre of the planet
c) Mass of the body
d)Shape of the body
453. A satellite in a circular of the earth has a
K.E.(Ex). What is the minimum amount of
energy to be added so that it escapes from the

earth?

Ex Ex
a)— b)— c)E d)2E
)4 )2 ) Ex )2Ey

454.A ring having non-uniform distribution of mass
having mass M and radius R is being
considered. A point mass m, is taken slowly
from A to B along the axis of the ring. In doing
so, work done by the external force against the
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gravitational force exerted by ring is

A B

L L ]

R—=te— R—»|
GMm, GMmyy1 1
a) b) — -
VZR R 2 <5

d) It is not possible to
find the required
work as the nature

R 15 V2

GMmgyr 1 1
) ]
of distribution of
mass is not known
455. Assuming that the earth is a solid sphere of

radius R, the mass M of the earth would be

given by

2 GR? G
8 = or[E dR \/g
G g g G

456. What should be the angular speed of earth in
radian/second so that a body of 5 kg weights
zero at the equator? [Take g = 10m/s? and
radius of earth = 6400 km]

a) 1/1600 b) 1/800 «¢) 1/400 d)1/80
457.Kepler's second law states that the straight line
joining the planet to the sun sweeps out equal
areas in equal times. This statement is
equivalent to saying that
a) total acceleration is b)tangential
Zero acceleration is zero
c) longitudinal d) radial acceleration
acceleration is zero is zero

458.An earth satellite is moved from one stable
circular orbit, which one of the following
quantities increase?

a) Gravitational force

b) Gravitational potential energy
c) Linear orbital speed

d) Centripetal acceleration

459.A satellite launch station should be
a) Near the equatorial region
b)Near the polar region
c) On the polar axis
d) All the locations are equally good

460.The mean radius of the earth is ‘R’, its angular
speed about its own axis is ‘w’ and acceleration
due to gravity on earth’s surface is ‘g’. The
radius of the orbit of a geostationary satellite
will be

a) <R2w2>1/3 b) (@)1/3
g )

Ry 1/3 R?g 1/3
9 (o2) 2 <w—>

461. A satellite is launched into a circular orbit of
radius R around the earth. A second satellite is
launched into an orbit of radius (1.01)R. The
period of the second satellite is larger than
that of the first one by approximately
a)05% Db)1.0% ¢) 15% d)3.0%

462.What is the energy required to launch am kg
satellite from earth's surface in a circular orbit

at an altitude of 7R? (R = radius of the earth )
12

15 1
c)— d)=
)16mgA )9ng

463.A solid sphere of mass M and radius R has a
spherical cavity of radius R/2 such that the
centre of cavity is at a distance R/2 from the
centre of the sphere. A point mass m is placed
inside the cavity at a distance R/4 from the
centre of sphere. The gravitational pull
between the sphere and the point mass m is

11GMm 14GMm
a) —pz b)—R2
GMm GMm
d
) 2R? ) R?

464.A satellite S is moving in an elliptical orbit
around the earth. The mass of the satellite is
very small as compared to the mass of the
earth. Which of the following statements is
correct?

The angular

momentum of S
The acceleration of S

is always directed
towards the centre of
the earth.

about the centre of
b) the earth changes in

direction but its

magnitude remains

constant.

The total mechanical = The linear

energy of S varies
¢ periodically with

momentum of S

remains constant in

time. magnitude.

465.A body is projected vertically from the surface
of the earth of radius R with velocity equal to
half of the escape velocity. The maximum
height reached by the body is

R R
X b
Az )3
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R R
c) 3 d)z
466.Gas escapes from the surface of a planet
because it acquires an escape velocity. The
escape velocity will depend on which of the
following factors?
[. Mass of the planet
II. Mass of the particle escaping
III. Temperature of the planet
[V. Radius of the planet
Select the correct answer from the codes given

below
a)land I b)Il and IV
c)land IV d)[, IIl and IV

467.1f the mean distance of Mars from the Sun is
1.525 times that of the earth from the sun, in
how many years will Mars complete one
revolution about the sun?
a) 1.883 b)?2 c) 3.766 d)4
468. A body is projected vertically upwards from
the surface of a planet of radius R with a
velocity equal to half the escape velocity for
that planet. The maximum height attained by
the body is
a) R/3 b) R/2 c) R/4 d)R/5
469.The weight of body on the moon’s surface is
less than that on earth surface because:
a) Moon has no atmosphere
b)Moon is far from earth
¢) Moon is closer to earth
d)Acceleration due to gravity on moon is less
470.1f the distance between two bodies is doubled,
the force of gravitational attraction between
them
a) Becomes four times
b)Is doubled
) Is reduced to one-fourth
d)Is reduced to half
471.When a satellite moves around the earth
(consider elliptical orbits),
a) Its angular momentum remains constant
b) Its angular speed remains constant
c) Its linear speed remains constant
d)Its linear momentum remains constant
472.The time period of the moon is T = 27.3 days
and radius of orbit is R, = 3.84 x 108 m. The
value of centripetal acceleration due to earth's
gravity is
much smaller than
a) the value of
acceleration due to

is equal to the value
b) of acceleration due
to gravity g on the

gravity g on the surface of the earth
surface of the earth
much larger than the d)Either (a) or (b)
value of acceleration
c) due to gravity g on
the surface of the
earth
473.By what per cent, the energy of a satellite has

to be increased to shift it from an orbit of
radius r to ;r ?
a)15% b)20.3%
€)66.7% d)33.33%

474.There are two particles of masses m; and m,
separated by a distance r.
With reference to the above situation, match
the items in Column [ with terms in Column II
and choose the option from the codes given

below.
Column I Column II
A. Gravitational
potential energy Gm,

(GPE) associated o
with the particle

B. Gravitational 2

potential due to m, _Gmym,

ata r

C. distance r 3. — %
a)123 b)231
c)213 d)312

475.Two equal masses, each equal to m are
suspended from a balance whose scale pans
differ in vertical height by h. The error in
weighing in terms of density of earth p is

1
a)mtGpmh b)i mGpmh

8 4
) 3 mGpmh d)§ mGpmh

476.As we go from the equator to the poles, weight
of a body
a) Remains the same
b)Increases
c) Decreases
d)May increase of decrease

477.1f the earth is at one fourth of its present
distance from the sun, the duration of the year
will be
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a) Half the present year
b) One-eight the present year
c) One-fourth the present year
d) One-sixth the present year

478.The geo-synchronous satellite of the earth
orbit from:
a) North to south in the polar plane
b)South to north in the polar plane
c) East to west in equatorial plane
d)West to east in equatorial plane

479.Earth has mass ‘M;’ and Radius ‘R;’". Moon has
mass ‘M,’ and radius ‘R,’. Distance between
their centres is ‘r’. A body of mass ‘M’ is placed
on the line joining them at a distance r/3 from
centre of the earth. To project the mass ‘M’ to

escape to infinity, the minimum speed required

1/2

a)[—(Ml I -]
AT a5 97 (n -3

480. A particle of mass m is subjected to an

1/2

: : k
attractive central force of magnitude e k

being a constant. At the instant when the
particle is at its extreme position in its closed
orbit at a distance ‘a’ from the centre of force,

. .k .
its speed is P If the distance of other

extreme is b, find %
a)—1 b)2 c)3 d)4
481.The acceleration due to gravity on a planet is
1.96 ms™2. If it is safe to jump from a height of
3 m on the earth, the corresponding height on

the planet will be
a)3m b)6 m
c)9m d)15m

482.The mass and radius of the earth and moon
are My, R, and M,, R, respectively. Their
centres are at a distance ‘d’ apart. The

minimum speed with which a body of mass ‘m’

should be projected from a distance (2d/3)
from the centre of M, so as to escape to o« is

)[3G(M1 2)]1/2 b)[6G(M1+2M2)]1/2

)[3G(Ml 2)]”2 )[6G(M1 2)]1/2

483.A comet is moving around the earth in highly

elliptical orbit. Identify the incorrect statement

a) Its K.E. and P.E. both change over the orbit
b)Its T.E. changes over the orbit

c) Its linear momentum changes in magnitude
as well as in direction over the orbit
d)Its angular momentum remains constant
over the orbit
484.A particle is kept on the surface of a uniform
sphere of mass 100 kg and radius 10 cm. Find
the work to be done per unit mass against the
gravitational force between them, to take the
particle far away from the sphere. (Take, h =
6.67 X 10711Nm? kg=2)
a)13.34x 107107 b)3.33x 107107
€)6.67 x107%] d)6.67 x 1078 ]
485.The radius of the orbit of a geostationary
satellite is (mean radius of the earth R, angular
velocity about an axis in w and acceleration
due to gravity on earth’s surface is g)

R2 R2\"/?
e

w2
o) (e

486.1f the horizontal velocity given to the satellite
is greater than escape velocity, then the
satellite moves
a) Circular path
b) Elliptical path
c) Parabolic path
d) Tangent to the curve path

487.The height at which the weight of a body

1 . .
becomes 1_eth’ its weight on the surface of

earth (radius R), is

a) 5R b) 15R c) 3R d) 4R
488.A satellite is revolving round the earth with

orbital speed v,. If it stops suddenly, the speed

with which it will strike the surface of earth

would be (where, vy = escape velocity of a

particle on earth's surface)
2

)v—e b) 2v,

c) /ve —v2 d) /vez—ng

489. Suppose the gravitational force varies
inversely as the n™" power of distance. Then
the time period of a planet in circular orbit of
radius R around the sun will be proportional
to

ar(%) br(F) orR HR(Z)
490. The mean radius of the earth is R, its angular

speed on its own axis is w and the acceleration
due to gravity at earth’s surface is g. The cube
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of the radius of the orbit of a geostationary
satellite will be
a)R?g/w b)R%w?/g c)Rg/w? d)R*g/w?

491.Two particles of masses m and 9m are

separated by a distance r. At a point on the line

joining them the gravitational field is zero. The

gravitational potential at that pointis (G =

universal constant of gravitation)

4G 8G
a)— b)— "
T T
166 326G
O Pl g2
T T

492.A man inside an artificial satellite feels
weightlessness because the force of attraction
due to earth is:

a) Zero at the place

b)Is balanced by the force of attraction due to
moon

c) Equal to the centripetal force

d) Not effective due to particular design of the
satellite

493.1f a body is taken from a deep mine to a point
at certain height above the ground, its weight
a) Decreases
b)Increases
c) Increases up to the surface of the earth and

then decreases
d)Remains same

494.The acceleration due to gravity at a height
(1/20) th of the radius of the earth above the
earth's surface is 9 ms™2. Its value at a point at
an equal distance below the surface of the
earth (in ms~2) is about
a)8.5 b)9.5
c)9.8 d)11.5

495.The orbital velocity of a body at height h above
the surface of Earth is 36% of that near the
surface of the Earth of radius R. If the escape
velocity at the surface of Earth is 11.2 km s7L
then its value at the height h will be

h
b)j% X 11.2 kms™1

9 R
-1 4 12 -1
c)25><11.2kms ) ’hxll.kas

a)11.2kms™!

496.The mass of the moon is (1/81) th of earth's
mass and its radius is (1/4) th that of the
earth. If the escape velocity from the earth's
surface is 11.2kms 1, its value for the moon
will be

a)0.15kms™1 b)5kms~!
) 2.5kms™1 d)0.5kms™1
497.1f density of the earth is doubled keeping
radius constant, the new acceleration due to
gravity is (g = 9.8 m/s?)
a)9.8 m/s? b)19.6 m/s?
c) 4.9 m/s? d)39.2 m/s?
498.Kepler’s third law states that square of period
of revolution (T) of a planet around the sun, is
proportional to third power of average
distance r between sun and planet i.e., T? =
Kr? here K is constant.
If the masses of sun and planet are M and m
respectively then as per Newton'’s law of
gravitation force of attraction between them is

GM . D
F = r—zm, here G is gravitational constant. The

relation between G and K is described as
a) GK = 4m? b) GMK = 4n?
1

K=G dK=—
3 K=z

499.At what height from the earth’s surface, the
gravitational potential and the value of
gravitational acceleration are 5.4 X

107 kLg3 and 6.0m/s? respectively? (Radius of

earth = 6400 km)

a) 200 km b) 1600 km

c) 1200 km d) 2600 km
500.Calculate angular velocity of earth so that

acceleration due to gravity at 60° latitude

becomes zero. (Radius of earth = 6400 km,

gravitational acceleration at poles =

10m/s?, cos 60° = 0.5)

a)7.8 x 10~ 2rad/s b)0.5 x 10~3rad/s

c)1x 107 3rad/s d)2.5 x 107 3rad/s
501.The magnitudes of the gravitational force at

distances r; and r, from the centre of a

uniform sphere of radius R and mass M are F;

and F,, respectively. Then,

2
i=T—1ifr1<Rar1d ﬂ=r—1zifr1>Rand
a)fz T2 b)F2 73
r <R ) >R
B =2ify, <Rand d)None of the above
) FRpon
» <R

502.A body weighs 45 N on the surface of the earth.
What is the gravitational force on it due to the
earth at a height equal to half of the radius of

the earth?
a)20 N b)45 N
c)40N d)90 N
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503.A body of mass ‘m’ is dropped from a height

R/2, to the surface of earth where ‘R’ is radius
of earth. It’s speed when it will hit the earth’s
surface is (V, = escape velocity from earth’s
surface)

a)V3V, b)V./V2
) Ve/V3 d) V2V,

504.A satellite of mass ‘m’ is revolving around the

earth of mass ‘M’ in an orbit of radius T’ with
constant angular velocity ‘w’. The angular
momentum of the satellite is

(G = gravitational constant)

a) <%>2 b) m(GMr)*/2
m
¢) m(GMr) d) (GMmr)*'/?

505. A satellite is moving very close to a planet of

density 8 X 103kg m™3.If G = 6.67 X

10~ Nm?kg~?2, then the time period of the
satellite is nearly

a)420s b)4200s c¢) 1hour d)1day

506.Earth has mass M; and radius R;. Moon has

mass M, and radius R,. Distance between their
centre is r. A body of mass M is placed on the

line joining them at a distance g from centre of

the earth. To project the mass M to escape to
infinity, the minimum speed required is

”FWMN I+

1

Ol P2

507.A satellite is moving in an orbit around the

earth due to

a) Burning of fuel

b) Gravitational attraction between sun and
earth

c) Ejection of gases from the exhaust of the
satellite

d) Gravitational attraction between earth and
the satellite

508.Which of the following is conserved in the

planetary motion around the sun?
a) Linear momentum  b)Kinetic energy
c) Potential energy d) Angular momentum

509.The total energy of an artificial satellite moving

in a circular orbit at some height around the
earth is E;. Its potential energy is

a)—E, b)E,

c) —2E, d) 2E,

510. Which of the following is the S.I. unit of

universal gravitational constant?
m?2

/kg?

511. If a satellite is travelling in the same direction
as the rotation of earth i.e., west to east, what
is the interval between two successive times at
which it will appear vertically overhead to an
observer at a fixed point on the equator?
a) 7417s b)6831s c¢) 5082.9sd) 1day

512.A satellite is revolving in a circular orbit
around the earth has total energy ‘E’. Its
potential energy in that orbit is

a)Nm/kg? b)Nm?/kg c) Nm/kg d)

a)4E b)E
c) 2E d)E/2

513.The nature of the path of the satellite depends
upon

a) The horizontal velocity
b) The escape velocity
c) The critical velocity
d) All of the above

514.A body is projected vertically upwards from
earth’s surface. If its kinetic energy of
projection is equal to half of its minimum value
required to escape from earth’s gravitational
influence then the height upto which it rises is
(R =radius of earth)
a)2R b)R
c) 4R d)3R

515.A body is attached with satellite revolving in
circular orbit. After some revolutions the body
is detached from satellite. What happens with
the body?
a) Body will come back to earth in parabolic

path
b) Body will come back to earth in straight line
path

c) Body will revolve in circular orbit
d)Body will escape in tangential path

516.The time period of a satellite of earth is 5 h. If
the separation between the earth and the
satellite is increased to 4 times the previous
value, the new time period will become
a)10h b)80 h
c)40h d)20h

517.A satellite of mass M is orbiting the earth in a
circular orbit of radius r. It starts losing energy
due to small air resistance at the rate of C J/s.
Find the time taken for satellite to reach the

earth
2) GMm (1 1) b) GMm (1 1)
C \R r 2C \R r



GMm 3GMm (1 1
G
2CR 2C R r

518.If a satellite is orbiting the earth very close to
its surface, then the orbital velocity mainly
depends on
a) The mass of the satellite only
b) The radius of the earth only
¢) The orbital radius only
d) The mass of the earth only
519.In a gravitational field, work done in moving a
mass from one point to another
a) Depends on the end points only
b) Depends on the length of the path
c) Depends on the end points and length of the
path
d)Neither ‘a’ nor ‘b’
520.Which of the following is the evidence to show
that there must be a force acting on the earth
and directed towards the sun?
a) Deviation of the b)Revolution of the
falling bodies toward earth around the
East sun
c) Phenomenon of day d)Apparent motion of
and night sun round the earth
521.The relay satellite transmits the TV
programme continuously from one par of the
world to another because its:
a) Period is greater than the period of rotation
of the earth
b) Period is less than the period of the earth
about its axis
c) Period has no relation with the period of the
earth about its axis
d)Period is equal to the period of rotations of
the earth about its axis
522.The escape velocity of a body from the surface
of the earth is equal to
a) 3 times critical velocity of body orbiting
close to surface of the earth
b /2 times critical velocity of a body orbiting
very close to surface of the earth
c) Critical velocity of a body orbiting very close
to surface of the earth

d)% times critical velocity of a body orbiting
very close to surface of the earth
523. Two particles of equal mass go around a circle
of radius R under the action of their mutual
gravitational force of attraction. The speed of

each particle is (M = mass of the particle)

GM 1 [GM .1 [GM 1 |GM
o[ v} [ o} 3 o}

524.The tidal wave in the sea are primarily due to
gravitational effect of
a) Earth on the sea b) Sun on the earth
c) Earth on the moon  d)Moon on the earth

525.The mass and diameter of a planet are twice
those of earth. The period of oscillation of
pendulum on this planet will be (if itis a
seconds pendulum on earth)
a)2v2's b)(2)"/* s
c)2s d)V2s

526.The speed with which the earth would have to
rotate about its axis so that a person on the

equator would weight % th as much as at

present is (g = gravitational acceleration, R =
equatorial radius of the earth)

R
25 b) |38
2g 5R

2g 3
C)\/; d)\/;gR

527.Gravitational force is
a) Mass and charge dependent
b)Mass and charge independent
c) Mass dependent and charge independent
d)Mass independent and charge dependent
528.Consider earth to be sphere of radius ‘R’
rotating about its own axis with angular speed
‘w’. If ‘g.” and ‘gp’ are the accelerations due to
gravity at the equator and the poles
respectively, then (g, — gp) is given by

s 0l
(cos 0% = sinz =1,sin0° = cos > = 0)

a)

R
a)RZw? b)w—;

c)R.w d)R.w?
529.Two artificial satellites are revolving in the
same circular orbit. Then they must have the
same
a) Mass b) Angular momentum
c) Kinetic energy d) Period of revolution
530. Time period of second pendulum on a planet,
whose mass and diameter are twice that of

earth, is
1
a)2v2s b)2s A)V2s d)ﬁs
531.Which of the following statements is correct
about
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satellites?
a) A satellite cannot b) Geostationary
move in a stable orbit satellites are

in a plane launched in the
passing through the equatorial
earth's centre. plane.

c) We can use just one d)The speed of
geostationary satellite increases
satellite for global with the increase in
communication the radius of its
around the globe. orbit.

532.The distance between centre of the earth and
moon is 384000 km. If the mass of the earth is
6 x 10%* kgand G = 6.66 x 10711 N —
m? kg~2. The speed of the moori is nearly
a)lkms™1 b)4kms~1
c)8kms™1 d)11.2kms™?

533.1f the value of the gravitational acceleration at
the height h be 1% of its value at the surface of
the earth, then h is equal to (given R, =

6400 km)
a) 6400 km b) 57600 km
¢) 2560 km d) 64000 km

534.The magnitude of gravitational potential
energy of a body at a distance r from the centre
of earth is u. Its weight at a distance 2r from
the centre of earth is
u
x oy
u 4r
c) > d)?

535.A mass m is placed inside a hollow sphere of
mass M as shown in figure. The gravitational
force on mass m is

536.A body is raised to a height nR above the
surface of the earth of radius R. The ratio of
gravitational acceleration on earth’s surface to
that at a given height is
a)(n+1)2 b) (n — 1)?

c)n d)n?
537.Earth revolves round the sun in a circular orbit

of radius ‘R’. The angular momentum f the
moving earth is directly proportional to
a)R3 b)R?
R d)vR

538.An object weights W newton on earth. [t is
suspended from the lower end of a spring
balance whose upper end is fixed to the ceiling
of a space capsule in a stable orbit around the
earth. The reading of the spring balance will be
a)w b) Less than W
c) More than W d)Zero

539.Earth revolves round the sun in a circular orbit
of radius ‘R’. The angular momentum of the
revolving earth is directly proportional to
a)R3 b) R?
c)VR d)R

540.The moon revolves around the earth in a
circular orbit of radius —3.84 x 10°km with
velocity 1 km/s. The additional velocity
required to escape from influencing earth
satellite is
a)2.414 km/s b)1.414 km/s
c) 0.414 km/s d)1.000 km/s

541.The centripetal force on a satellite orbiting
round the earth and the gravitational force of
earth acting on the satellite both equal F. The
net force on the satellite is
a) Zero b)F
) FV2 d)2 F

542.The depth d at which the value of acceleration
due to gravity becomes % times the value at the

surface is [R = radius of the earth]
R n—1y R n
- — R
) DR(——0—  OR(—)
543. The period (T) of an artificial satellite of earth
depends on the density of the earth (assumed
constant) as:

To— b Vd o)T«xd d)T «x1/d
Alrec= DT ocvd T « )T <1/

544.What is the percentage decrease in the weight
of a body when it is taken to a height of 32 km
from the surface of earth?

a)0.5% b) 2%
c) 1.5% d) 1%

545.A satellite is revolving round a planet in a
circular orbit close to its surface. If p is mean
density and R is the radius of planet then the
period of the satellite is
(G = Universal constant of gravitation)
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5T T
iy b) [—
a) | ) |
2 3
0) 4n d) om
G pG

546. The gravitational force on a body of mass 5 kg
at the surface of the earth is 50 N. If earth is a
perfect sphere, the gravitational force on a
satellite of mass 200 kg in a circular orbit of
radius same as diameter of the earth is
a) 200N b)400N <¢)500N d)800N

547.A body is projected vertically upwards from
earth’s surface. If velocity of projection
is (1/3)"9 of escape velocity, then the height
upto which a body rises is (R = radius of earth)

a)% b) 2R
R
c)R d)§

548.The mass of a spherical planet is 4 times the
mass of the earth, but its radius (R) is same as
that of the earth. How much work is done is
lifting a body of mass 5 kg through a distance
of 2 m on the planet? (g = 10 ms™2)
a)400] b)200]
c)800] d)300]

549. Height at which value of ‘g’ becomes one-
fourth to that on earth is
a) R b) 2R c) (3/2)R d)4R

550.In a gravitational field, at a point where the
gravitational potential is zero
a) The gravitational field is necessarily zero
b) The gravitational field is not necessarily zero
c) Nothing can be said definitely about the

gravitational field

d)None of these

551.A body is thrown from the surface of the earth
with velocity ‘v’ m/s. The maximum height in
m above the surface of the earth upto which it
will reach is (R = radius of earth, g =
acceleration due to gravity)

’R 2u’R
) = ) Pkl
2gR —u? gR — u?
ZRZ ZR
O d)—
2gR?% — u? gR — u?

552. Weight of body at the centre of earth is:
a) Zero b) 9.8 mg c¢) Infinity d) Mg
553.Suppose the universal gravitational constant
starts do decrease, then
Which of the below statements is wrong?

a) Length of the day does not change
b) Length of the year will increase
c¢) The earth will follow a spiral path of
decreasing radius
d)Kinetic energy of the earth will decrease
554.Some aliens living beneath the surface of the
earth want to send a parcel to their friends just
outside earth’s pull. What should be the
velocity with which they must throw the parcel
from a depth of R/27?
a)11.2 km/s b)15.84 km/s
c)16.37 km/s d)12.8 km/s
555.1f a satellite is orbiting in space having air and
no energy is being supplied, then path of that
satellite would be
a) Circular
b) Spiral of increasing radius
c) Spiral of decreasing radius
d)Elliptical
556. The maximum possible velocity of a satellite
orbiting round the earth in a stable orbit is

a) /2Reg b)/Reg ©) RTeg d)Infinite

557.A system of binary stars of masses m, and mg
are moving in circular orbits of radii ry and rg
respectively. If T4 and Tg are the times periods
of masses m, and mg respectively then,

a)T_A = (r_A);

Tg rg

c) Ta > Tg(if my > mp)d) Ty, = Tg
558.Gravitational force is one of the force of:

a) Attraction b) Repulsion

c) Eitheraorb d) Neither ‘a’ nor ‘b’
559.What should be the velocity of earth due to

rotation about its own axis so that the weight

at equator becomes 3/5 of initial value? Radius

of earth on equator is 6400 km

a)7.4 x 10~ *rad/s b)6.7 x 10~*rad/s

c) 7.9 X 10~ *rad/s d)8.7 x 10~ *rad/s

560.A body is thrown from the surface of earth
with velocity 'V’ m/s. The maximum height
above the earth’s surface upto which it will
reach is [R = radius of earth, g = acceleration

b) TA > TB(lf ra > rB)

due to gravity]

VR VR?
V2gR—V ) R=v
B V2R 0 2gR

2gR — V2 VZ2(R—1)

561.The escape velocities of the two planets, of
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densities p; and p, and having same radius,
are v, and v, respectively. Then

vi_pa V2 _ P2
V2 P2 Vi P1
% 2 v

)2 = (ﬁ) d)— = Py
v, [P V2 P2

562.A pendulum swings at depth ‘d’ below the
surface of the earth with period ‘T’. Same
pendulum oscillates with same period ‘T" at
height ‘h’ above the surface of earth. The ration

d, .

- will be

a)l:4 b)2:1
11 d)1:2

563.Who among the following did first give the
experimental value of G?
a) Cavendish b) Copernicus
c) Brook Taylor d) None of these
564.A clock ‘S’ is working on oscillations of a spring
and a clock ‘P’ is working on pendulum motion.
Both clocks are running at the same rate on
earth. What will happen to their functioning on
a planet which has the same density as that of
earth, but the radius is twice that of earth?
a) P will run faster than b) Both will run at the
S same rate, but not
the same as on earth
c) Both will run at the d)‘S’ will run faster
same rate as on the than ‘P’
earth
565.As we go from pole to the equator, the effective
value of acceleration due to gravity decreases
due to
a) Rotation of the earth only
b)Shape of the earth only
c) Both rotation and shape of the earth
d) Neither rotation nor shape of the earth
566.A body is projected from earth’s surface with
thrice the escape velocity from the surface of
the earth. What will be its velocity when it will
escape the gravitational pull?
a)2V, b) 4V,

V,
c) 2v/2V, d)?e

567.B.E. of a satellite is always
a) Infinity b) Positive c¢) Zero d) Negative
568.The average density of the earth is [gis
acceleration due to gravity]
. Inversely Directly
proportional to g2 proportional to g
c) Inversely d) Directly

proportional to g proportional to g2
569.1f a body is taken from the surface of earth to
moon, then its weight will
a) First decrease then increase
b)First increase then decrease
c) Continuously increase
d) Continuously decrease
570.Artificial satellite moving around the earth is
just like a
a) Projectile
b) Freely falling body
c) Body projected vertically up
d)Body at rest
571.1f earth’s satellite is moved from one stable
orbit to a farther stable orbit, then which of the
following quantities increase?
a) Potential energy
b) Linear speed
c) Gravitational force
d) Centripetal acceleration
572.The value of ‘g’ at a certain height above the
surface of the earth is 16% of its value on the
surface. The height is (R = 6300 km)
a) 10500 km b)12500 km
€) 3000 km d)9450 km
573. A body weighs 81 N on the surface of the earth.
What is the gravitational force on it due to
earth at a height equal to half the radius of the
earth from the surface?
a)72N  Db)28N ¢) 36N d)32N
574.Two masses m; and m,(m; < m,) are
released from rest from a finite distance. They
start under their mutual gravitational
attraction. Then the wrong statement is,
a) Acceleration of m; is more than that of m,
b)Acceleration of m, is more than that of m;
c) Centre of mass remains at rest
d) Total energy of the system remains constant
575.Assuming the earth to be a sphere of uniform
density, the ratio of accelerating due to gravity
on the earth’s surface to its value at halfway
towards the centre of the earth, will be
a)1:1 b)1:2
c)2:3 d)2:1
576.1f a missile is launched with a velocity less than
the escape velocity, then the sum of its kinetic
and potential energy will be
a) Positive
b) Negative
c) Zero
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d)May be positive or negative depending upon
its initial velocity
577.1f the distance the sun and the earth is
increased by three times, then attraction
between two will
a) Remain constant b) Decrease by 63%
c) Decrease by 83% d) Decrease by 89%
578.The critical velocity of a satellite of mass 100
kg is 20 km/hr. The critical velocity of another
satellite of mass 200 kg in the same orbit is
a) 20 km/hr b)14.14 km/hr
¢) 72 km/hr d)10 km/hr
579.Mass M is divided into two parts ‘X’ m and
(1 — x)m. For a given separation, the value of
X for which the gravitational attraction
between the two pieces becomes maximum is

1 3
a)— b)— 01 d)2
) )z ) )
580.A satellite of mass ‘m’ is moving in a circular
orbit of radius T’ around the earth. The angular

momentum of the satellite about the centre of
orbit is (M = mass of earth, G = gravitational

constant)
a) (GMm?r)1/? b) (GMmr)
) (GM?mr)/? d) (GMm?r?)1/2

581.The length of the second pendulum is 1 m on
earth. If the mass and diameter of the planet is
1.5 times that of the earth, the length of the
seconds pendulum on the planet will be nearly.
a)0.60 m b)0.45 m
c)0.76 m d)0.67 m

582. Two identical solid copper spheres of radius R
placed in contact with each other. The
gravitational attraction between them is
proportional to

a)R? b)R™2 c)R* d)R™*

583.Given mass of the moon is 1/81 of the mass of
the earth and corresponding radius 1/4 of the
radius of earth. If escape velocity on the earth’s
surface is 11.2 km/s, the value of same on the
surface of the moon is
a)0.14 km/s b) 0.5 km/s
c) 2.5 km/s d)5 km/s

584.For a close orbiting satellite period (T) of a
satellite is in proportional to the density of
planet (p) as:

1 1
a)T X p b)Tﬁ c)TocB d)T? o« \/p

585. The binding energy of a satellite of mass m in
an orbit of radius r is (R=radius of earth,

g=acceleration due to gravity )
4 &RZ mrgR? . &RZ dy— mgR?
2r 2r
586.If three particles each of mass M are placed at
the three corners of an equilateral triangle of
side a, then the forces exerted by this system
on another particle of mass M placed at the
mid-point of a side and at the centre of the
triangle are respectively,

a) (0,0) b) <4GM2 0)

3a2 '’
4GM? 3GM? GM?
9 (0?> Y (a—a_)
587.Two small satellites move in circular orbits
around the earth, at distances r and r + Ar
from the centre of the earth. Their time periods
of rotationare T and T + AT (Ar K r, AT K T),

then AT is equal to

b)—

3 Ar 2 Ar
a)—T— b)-T—
)2 r )3 r
-3 Ar Ar
c)—T— d)T—
2 r r

588. A particle is dropped on Earth from height R
(radius of earth) and it bounces back to height
h. If the coefficient of restitution of collision is

\E, then find h

R R R
a) 3 b)Z cR d)E
589.1f an object is thrown with a velocity less than
the escape velocity, its total energy is
a) Equal to zero b) Positive
c) Negative d) Infinite
590.Acceleration due to gravity does not vary with:
a) Altitude b) Depth
c) Latitude d) Mass of body
591.Two bodies of different masses reach
simultaneously on ground from height h in
vacuum because:
a) Acceleration of both bodies is same
b)Acceleration is independent of mass
¢) In vacuum there is no frictional force
d) Statement itself is wrong
592. Law of gravitation is due to:
a) Galileo b) Einstein c¢) Newton d) Kepler
593.According to kepler’s second law, line joining
the planet to the sun sweeps out equal areas in
equal time intervals. This suggests that for the
planet.
a) Radial acceleration is zero
b) Tangential acceleration is zero
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c) Transverse acceleration is zero
d) All of the above
594.The depth ‘d’ below the surface of the earth at

which acceleration due to gravity becomes (%)
is

R = radius of the earth, ‘g’ = acceleration due
to gravity, n = integer

B 5 R
c)dzR(ﬁ) d)d:R(ngl)

595.The escape velocity for a planet whose mass is
six times the mass of earth and radius is twice
the radius of earth will be
[Ve = escape velocity from the earth]

a)V3V, b) V2V,
c) ;ve d) 2v/2V,

596.A satellite orbits around the earth in a circular
orbit with a speed v and orbital radius r. If it
loses some energy, then v and r change as:

a) v decreases and r increases
b)v increases and r decreases
c) Both v and r decreases
d)Both v and r increases

597.1f R is the radius of the earth and g the
acceleration due to gravity on the earth’s
surface, the mean density of the earth is
a)4nG/3gR b)3nR/4gG
c) 3g/4nRG d)mRG/12g

598.The depth from the surface of the earth of
radius R, at which acceleration due to gravity
will be 60% of the value on the earth surface is

2R 2R
i b2
33 )5
3R 5R
2 =
3 )33

599.1f the gravitational force varies inversely as the
nth power of the distance (R) then the time
period of the planet in a circular orbit of radius

‘R’ around the sun will be proportional to
(n-1)

a)R z b)R™"
R AR

600. The atmosphere is held to the earth by
a) Winds b) Gravity c) Clouds d) Nature
601.A body of mass m is taken to the bottom of a
deep mine. Then
a) It mass increases b) Its mass decreases
c) Its weight increases d)Its weight decreases
602. The ration of inertial to gravitational mass is:

a) +1 b) -1 c) Zero d) Infinity
603.At a height ‘R’ above the earth’s surface the
gravitational acceleration is
(R =radius of earth, g = acceleration due to
gravity on earth’s surface)
g
a) 2 b)g
604. Two planets have density in the ratio 2 : 3 and
radii in the ratio 1 : 2. The ratio of acceleration
due to gravity at their surface is
a)1:3 b)3:1 c)1:9 d)9:4
605.A satellite S; of mass ‘m’ is moving in an orbit
of radius T’. Another satellite S, of mass ‘2m’ is
moving in an orbit of radius ‘2r’. The ratio of
time period of satellite S, to that of S; is
a)l:4 b)1:8
c)2:1 d) 2V2:1
606.For a particle projected in a transverse
direction from a height h above earth’s surface,
find the minimum initial velocity so that it
grazes the surface of earth such that path of
this particle would be an ellipse with centre of
earth as the farther focus, point of projection
as the apogee and a diametrically opposite
point on earth as perigee

2 R b) |2 —R
a) [26Me s ) |26Me R
r R
) [2GM, RR+D) d) ’ZGMe (r—2>

607.A body is raised to a height ‘nR' from the
surface of the earth of radius R. The ratio of

acceleration due to gravity on the surface to

that of a given height is
a)(n+1)73 b)(n+1)72
c) (n + 1)? d)(n+1)

608.1f a body is taken to a place where there is no
gravity, then
a) Both its mass and its weight become zero
b) Neither its mass nor its weight becomes zero
c) Its mass becomes zero but not its weight
d) Its weight becomes zero but its mass

remains the same

609.A satellite of mass ‘m’ is revolving around the
earth of mass ‘M’ in an orbit of radius T’. The
angular momentum of the satellite about the
centre of orbit will be

a)vGMm b)+vGMmr
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¢)VGMm?2r d)v/mvr

610. The maximum vertical distance through which
a full dressed astronaut can jump on the earth
is 0.5 m. Estimate the maximum vertical
distance through which he can jump on the
moon, which has a mean density 2/379 that of
earth and radius one quarter that of the earth
a)15m b)3m c) 6m d)7.5m

611. The escape velocity from a spherical planet is
Ve. What is escape velocity corresponding to
another planet of twice the radius and half the
mean density?

a)V2v, b)ve/N2 ©)2v, d)4 v,

612.Suppose the earth increases its speed of
rotation, at what new time period, will the
weight of a body on the equator become zero?
(Take g = 10 m/s?, Radius of earth, R = 6400

km, 7t = 3.14)
a)1.3h b)1.2h
¢)1.5h d)1.4h

613.The earth revolves about the sun in an
elliptical orbit with mean radius 9.3 x 10’m in
a period of 1 year. Assuming that there are no
outside influences, then
a) The earth’s kinetic energy remains constant
b) The earth’s angular momentum remains
constant
c) The earth’s potential energy remains
constant
d) All the statements above are correct
614.1f g is the acceleration due to gravity on the
earth’s surface, then the change in potential
energy of the earth at a height equal to radius
of earth will be

1 3 1
a)mgR b)zng C)Eng d)gng

615.The escape velocity is:
a) More for big massive bodies
b)Same for all bodies
¢) Minimum for heavier bodies
d)Maximum for heavier bodies
616.A satellite moving along a circular orbit, a
larger orbit corresponds to
a) Longer period and slower velocity
b) Larger velocity and longer periods
¢) Smaller periods and smaller velocity
d)Smaller periods and larger velocity
617.At a height R above the earth’s surface the
gravitational acceleration is (R = radius of
earth, g = acceleration due to gravity on

earth’s surface)
a)g b)g/8
c)g/2 d)g/4

618.Two satellites of masses ‘m’ and ‘2m’ are
revolving in a circular orbit of radius ‘r’,
around the earth. The ratio of their frequencies
of revolution will be
a)2:1 b)1:1
c)1:2 d)1:3

619.A triple star consists of two stars, each of mass
m in the same circular orbit about a central
star of mass M = 10 x 103%kg. The two
opposite stars always lie at opposite ends of a
diameter. The radius of circular orbitisr = 2 X
10'm and orbital period of each star is 0.6 x
107s. Find m. (in kg)
[Givenn? = 10 and G = = x 10™*INm?kg 2]

11 15
a)— x 1030 b)— x 103°
) 8 )16

40 20
c) — x 1030 d)— x 103°
) 3 ) 3
620.The value of gravitational acceleration ‘g’ ata

height ‘h’ above the earth’s surface is g/4 then
(R =radius of earth)

R

R R

== dh = —
c)h 3 )h )

621. A satellite of mass m moving around the earth
of mass mg in a circular orbit of radius R has
angular momentum L. The rate of the area
swept by the line joining the centre of the
earth and satellite is

a)L/2m b)L/m c)2L/m d)2L/mg
622.Dependence of intensity of gravitational field /
of earth with distance r from centre of earth is
correctly represented by

IT zT
. N
a) /r_.b)o R T

623. The orbital velocity of a satellite very near to
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the surface of earth is v. What will be its
orbital velocity at an altitude 7 times the
radius of the earth?
a)v/\2  b)v/2 Av/2\2 d)v/4
624.A body is projected upwards with a velocity of
4 x 11.2kms~1 from the surface of earth. What
will be the velocity of the body when it escapes
from the gravitational pull of earth ?
a)11.2kms™?! b)2 x 11.2kms™?!

)3 x 11.2kms ™1 d)V15 x 11.2kms™*
625.According to Kepler’s law, the period of
revolution of a planet (T) and its mean
distance from the sun (r) are related by the
equation
a) T?r = Constant b) T?r~3 = Constant
c) Tr® = Constant d)T3r3 = Constant
626. A body falls freely under gravity. Its speed is v
when it has lost an amount U of the
gravitational energy. Then its mass is

UZ

Ug 2U
a)— b)— ) — d)2 Ugv?
v g v

627. A satellite is orbiting the earth in a circular
orbit of radius r. Its period of revolution varies
as

a)r b)R O rz d)r?2

628.1f the horizontal velocity given to the satellite

is equal to critical velocity, then the satellite

performs

a) Circular path

b) Elliptical path

c) Parabolic path

d) Tangent to the curve path

629.A planet is moving around the sun in an
elliptical orbit at different positions A, B, C, D.
The maximum rotational kinetic energy of a
planet is at position.

B
Gom
[
| ]
a)B b) A
c)D d)C

630.Radius of earth is equal to 6 X 10 m.
Acceleration due to gravity is equal to 9.8 m/
s2. Gravitational constant G is equal to 6.67 X
10"*Nm?kg~2. Then mass of the earth is
a) 6.0 x 10%*kg b)5.3 X 10%*kg
c) 5.9 x 10%*kg d) 6.6 x 10%*kg

631. The escape velocity of a body from the surface
of the earth is v, and the escape velocity of the
body from a satellite orbiting at a height ‘h’

above the surface of the earth is v’ then
a)Ve = V' b)Ve < V' ©)ve >V d)ve < v

632.1f the distance between the sun and the earth is

increased by three times, then attraction

between two will

a)remain constant b) decrease by 63%

c) increase by 63% d) decrease by 89%
633. The density of a newly discovered planet is

twice that of earth. The acceleration due to

gravity at the surface of the planet is equal to

that at the surface of the earth. If the radius of

the earth is R, the radius of the planet would

be

1 1

634.The depth d, at which the value of acceleration
due to gravity becomes % times the value at the

surface, is (where, R = radius of the earth)

e R (")
c)n;R2 d)R(nil)

635.Calculate angular velocity of the earth, so that
acceleration due to gravity at 60° latitude
becomes zero. (Take, radius of the earth =
6400 km, gravitational acceleration at poles =
10 ms~2 and cos 60° = 0.5)
a)7.8x107%rads™* b)0.5 x 10 3rads™?!
c)1x103rads™?! d)2.5 x 10 3rads™?!

636.Two spherical planets P and Q have the same
uniform density p, masses Mp and M, and
surface areas A and 44, respectively. A
spherical planet R also has uniform density p
and its mass is
(MP + MQ). The escape velocities from the
planets P, Q and R are vp, vy and vy,
respectively. Then,
a)Vg > V4 > Up b)vy > vg > vp

1

vy /vg = 2

637.The depth at which acceleration due to gravity
becomes g/n is
[R = radius of earth, g = acceleration due to
gravity, n = integer]
2) R(n—-1) b) (n—1)

n nR
Rn

n
V=1 DR -1

638. Two satellite of masses m; and m,(m; > m,)
are revolving round the earth in circular orbits
of radii r; and r,(r; > r,) respectively. Which

C)vy/vp =3
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of the following statements is true regarding

their speeds v; and v,?
Vi_V2
a)jvy=vy, b)vy >v, o)vy<v, d)y—=—
ry Iz
639. The ratio of the acceleration due to gravity on
two planets P; and P, is k;. The ratio, of their
respective radii is k,. The ratio of their

respective escape velocities is

k k
a)ykik, b)y/2k;k, C)\/k:: d)\/k:j

640.A launching vehicle carrying an artificial
satellite of mass m is set for launch on the
surface of the earth of mass M and radius R. If
the satellite is intended to move in a circular

orbit of radius 7R, the minimum energy
required to be spent by the launching vehicle
on the satellite is (Gravitational constant = G)

GM 13GM
a) b)— mn
R 14R
GM GM
o) oMm d)_m
7R 14R

641.1f the radius of the earth was to shrink by 2%,
its mass remaining same, the acceleration due
to gravity on the earth's surface would be
a) decrease by 2% b)increase by 2%
c)increase by 4% d) decrease by 4%

642.A body is projected vertically upwards from
earth’s surface. If its K. E. of projection is equal
to half of its minimum value required to escape
from the gravitational influence, then the
height upto which it rises is (R = radius of the

earth)
a)4R b)R
c) 2R d)3R

643. The period of revolution of planet A around
the Sun is 8 times that of B. The distance of A
from the Sun is n times greater than the
distance of B from the sun. The value of n is
a) 4 b) 8 c) 12 d) 16

644.The mass and radius of earth is M, and R,
respectively and that of moon is M, and Ry,
respectively. The distance between the centre

of earth and that of moon is ‘D’. The minimum
speed required for a body (mass ‘m’) to project
from a point midway between their centers to
escape to infinity is (G = Universal constant of
gravitation)

) G(Mg + M) b) M, + M,,
2D D
GD\ /2 G(M, + M,,)
o) (M_e) d)2 /—D

645. A uniform spherical planet (Radius R) has
acceleration due to gravity at its surface as g.
Points P and Q located inside and outside the
planet respectively have acceleration due to
gravity %. Maximum possible separation

between P and Q is,
3R

9R 7R
a) - b)T ) T d)None
646.What should be the velocity of earth due to
rotation about its own axis so that the weight
at equator becomes (3/5)™ of initial value?
(Radius of earth on equator = 6400 km, g =
10522,c0500 =1)
a)7.91x 10™*rad/s b)2.5x 10™*rad/s
c)3.5%x 10" *rad/s d)6.5 x 10~* rad/s
647. A black body is an object whose gravitational
field is so strong that even light cannot escape
from it. To what approximate radius would
earth (mass = 5.98 x 10%*kg) have to be
compressed to be a black hole?
a)10°m b)10™°m ¢)107%2m d)100m
648.The mass of the moon is (1/8) th of the earth
but the gravitational pull is (1/6) th of the
earth. It is due to the fact that,
the radius of the
b)earth is (8/6) th of
the moon radius
the radius of the the radius of the
c) earth is /(8/6) th of d)moonis (6/8) th of

the moon radius the earth radius

a) moon is the satellite
of the earth
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Single Correct Answer Type

1 (b)
Given, F = =51—- 7]+ BR,S =31-2]+ ak and
W=14]

The work done by a force in displacing a particle
through a distance is given by
W=F.s ..(0)

Substituting above values in Eq. (i), we get
14 = (-51— 7+ 3k) - 31— 2] +ak)

=14 =-15+14+3a

>a=—=>5
4773

2 (b)
Given, F = =51 — 7] + 3k, s = 31 — 2j 4+ ak and
W=14]

The work done by a force in displacing a particle
through a distance is given by
W=F.s ..(D)

Substituting above values in Eq. (i), we get
14 = (=51— 7]+ 3k) - 31— 2] +ak)

=14 =-15+14+3a

15
$a=?=5
3 (a
~dQ  K(mr?)A8
Cdt 1
dQ
@), _Kexrdxy 11 2
(d_Q) Kyxrzxl, 2 41
1

dt

Ly ke

(b)
Original value of circumference, [ = 2 mR
~ Al=]ab = (2nR)ad

()

Let initial velocity of first sphere be u; = v,u, =0
Let v; and v, be their final velocities.

By law of conservation of momentum: mu; =
mv,; + mv,

o u; = Vvq +V2

V1 = u1 —V2

Vo—=Vy Vo —Vq

Coefficient of restitution: e =
u; —0 uq
Vo Vi

U U

U U Uy Uy
\%
2-2=e+1
U
v; e+1
Tup 2
(a)

Let initial velocity of first sphere be u; = v,u, =0
Let v; and v, be their final velocities.

By law of conservation of momentum: mu,; =
mv; + mv,

o u1 = V1 +V2
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Vo —=Vy Vo — Vg

Coefficient of restitution: e =
u; —0 U
Vo Vi

U U

Uj Uq U U
\%
22=e+1
Uj
v, e+l
' u 2
(d)

Let 6 be the temperature of the mixture.

Heat gained by water at 0°C = Heat lost by water
at10°C

C2m1(9 - 0) = C2m2(10 - 9)

400

0=—
60

= 6.66°C

(@)
F

accelerationa = —
m

Ft
At time t, velocity v = at = =

1
Kinetic energy = Emv2

1 F?t?2 1F?t?
_m_ e —
2 m?

()

F
accelerationa = —
m

2 m

Ft
At time t, velocity v = at = —
m

1
Kinetic energy = Emv2
1 P 1F%?
2™ m?z T 2m
(d)

Q _ KAA®

Rate of heat flow, " .

KA AB (I'B)z 1
> — = —=|— = —
KB AA r'a 4
Kg
> Kp=—
ATy

11

12

13

14

15

(a)

Mv + 0 = 0 + 4MV

.V_MV_V

" 4M 4
v/4 1

e=Yt_ 1 005
v

(a)

Mv + 0 = 0 + 4MV
_MV_V
T 4AM 4
v/4

e=Yt_1_ 425
\%

(d)

Fractional change in period,

ar_1 AB ! X2xX107%x 10 =10"°
—_— - —_— X =
T 29772

AT .
% change = - X 100 = 1075 x 100 = 1073%

(@)

Since the particle is initially at rest, its initial
momentum is zero. Since no external force is
acting on it, its momentum should remain
constant.

o m;vq + m,v, = 0
< MyVvy = —MyVv;y

Their momenta will be same in magnitude (but
opposite in direction)

Kinetic energy (k) is given by

p
k=—
2m

Lp= V2mk =

< \/Zmlkl = \/zmzkz

(@)

Since the particle is initially at rest, its initial
momentum is zero. Since no external force is
acting on it, its momentum should remain
constant.

o m;vq + m,v, = 0

<MV = —MypVy
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16

17

18

19

20

Their momenta will be same in magnitude (but
opposite in direction)

Kinetic energy (k) is given by

p2

" 2m

Lp= VZ2mk =

<. \/Zmlkl = \/zmzkz

(b)

Applying, Tl;Tz =a [Tl;rTz — TO]

where, o is constant.

80—60 80+60 .
L =a[2-30]  .G)

60-6 60+6 .\

T a[ o 30] ..(ii)

Solving these two equations, we get
0 = 48°C

(o)
Torque = force X distance
Moment of force = force X distance

(o)
Torque = force X distance
Moment of force = force X distance

(b)

Let the temperature of junction be Q.

In equilibrium, rate of flow of heat through rod 1
= sum of rate of heat through rods 2 and 3.

(%), = (&), (&),
@ ; 0 _ KA(9(1° -0, KA(9(1° ~0)

= 0 =2(90° — 0)

or 39:180°:>e=%°°=60°

(d)

impulse received by m
J =m(ve —v;)

=m(21+j-31-29)

21

22

23

=m(-51—])
a. Impulse receivedby M =-J=m (51 + J)
b.Mv=m 51+ j)

P I
or V—M(51+])—13(51+D

c. e= (relative velocity of separation / relative

velocity of approach) in the direction of -] =
11/17

(d)

impulse received by m
J = m(ve —v;)
=m(-2i+j—-31-29)
=m(-5i—])
a. Impulse receivedby M =-]J=m (51+ §)

b.Mv=m (51+ })

or v=—
M

P R
Gi+D=70G1+))
c. e= (relative velocity of separation / relative
velocity of approach) in the direction of -] =
11/17

(b)

Density of water = 103 kg m™
Let the final temperature of the mixture be t.
Assuming no heat transfer to or from container,
Heat lost by water = 0.1 X 103 X S,cer X (80 — t)
Heat gained by water = 0.3 X 103 X S, (t —
60)

According to principle of calorimetry,

3

Heat lost = Heat gain

0.1 X 103 X Syyarer X (80 — 1)
= 0.3 X 103 X Syaer X (t—60)

=21x((80—-t) =3x(t—60)
= t=65°C

(d)
T required to open/close the door will remain
constant.
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It X F]_ == rz X Fz
1.6 x1=04%xF,=>F,=4N
20 cm
24 (d)
T required to open/close the door will remain
constant.
r1 XF; =1, XF, =0.7539 cm from O
1.6x1=04%xF,=>F,=4N 28 (o)
r
rz = _1
25 (d)
. A, )\ 1
Temperature of mixture, 2= (_) =_
Aq rq 4
o = m;c; Ty + myc, T Since volume of rod will remains constant
i m;c; + m,c, V=LA, = L,A,
m v E = ﬁ = 4-
_mch2T+;(2C)T_§ “Ll A,
= = =
m C+2(C) Q= Q2 =
Ly L,
A, L
26 @ U Ml va=16
As, here, A;x; = A,X, Q Az Ly
A ~ Q1 =16Q;
or X1= A—i-Xz + Q1= Q2 =16Q; —Q; = 15Q;
Qu-Q, 15
Eor G 1
=202 X6 15
orQ; —Q; = 1_6Q1
29 (b)
Since, no force is present along the surface, so
momentum conservation principle for ball is
20 cm .
applicable along the surface of plate.
\'%
=0.7539 cm from O ) 0) ’//e]
27 (d) O
As, here, A1x; = AyX, v
Plate
Az
or X1: A_ . XZ
! mvsin0; = mv; sin0,
(3)®7? : :
= 2‘20)2 X 6 or v sinf; = v;sin0,
__vyc080; _vicos6, . _
- vcos 04 " vcos# [ 91 - 9]
= v4 cos B, = evcosB
vysin@, _ vsin® _ tan6
V4 C0S 0, " evcos® e
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30

31

32

= tan 6, = tand

— tan-1 6
= 0, =tan™" (tan g)
(b)

Since, no force is present along the surface, so
momentum conservation principle for ball is
applicable along the surface of plate.

6, 0,
N <
0
v
Plate
mvsin 8; = mv; sinB,
or v sinB; = v;sin0,
__vyc0s0; _ vycos6, [+ 0, = 0]
v cos 04 vcos 0 R
= v, cosB, = evcosH
vysin@®, _ vsin® _ tan®
V4 COS 0, evcosB e
tan®
= tan 0, =
1 )
= 0, = tan (tang)
(9

In Celsius scale the freezing and boiling points
are 0°C to 100°C. In the given imaginary scale the
freezing and boiling points are 39°W and 239°W.
Hence we can write

C _W-39
100 200

For C = 390 39 W-39
OrL = 27%700 200

Solving, W = 117°C

(b)

According to the graph, the acceleration a varies
linearly with the coordinate x. We may write a=
ax, where o is the slope of the graph.

33

34

35

36

20 -
a===25s72

8
The force on the brick is in the positive x -
direction and according to Newton's second law,
its magnitude is given by

a o
F= ; = ;X

If X¢ is the final coordinate, the work done by the
force is

szofodxzﬁf;(fxdx

(04 2.5
:RX% = 2x10 X(8)?=8]

(b)
According to the graph, the acceleration a varies
linearly with the coordinate x. We may write a=
ax, where a is the slope of the graph.
a=2=255"2
8
The force on the brick is in the positive x -
direction and according to Newton's second law,
its magnitude is given by
a o
F= ; = EX
If X¢ is the final coordinate, the work done by the
force is

W=f;(dex=%f0Xfxdx

oa 2 2.5

= — = 2=
2m X = 70 X(8)2=8]
()
Snow contains air pockets.
()
change in momentum
Force = = mv —mu

time
Taking initial direction as negative
m m
u=-12—,v=20—
S s
_0.150[20 — (—=12)]  0.150[20 + 12]

0.01 0.01
= 480N

()
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change in momentum L, 4A, 1
Force = - = mv — mu S—=—,— =
time Ly 1A, 4
Taking initial direction as negative Q; KA,A6 q Q, KA,AB
— = and— =
m m t L, t L,
u= —12?,V = 20?
A, L
R i BNy
F__oqso[zo—-(—12)]__a150[204-12] Q Az 1y
0.91480 . 0.01 41 (a)
B Same amount of heat is supplied to copper and
37 (a) water.
AT
SO, mcccATC = chwATW
A-3K B-K mccc (AT
= ATy = cCc(AT)c
- > myyCywy
ATy AT ~ 50x 1073 x420x10
~ 10x 1073 x 4200
AT = 48°C
42 (o)
Thermal resistance of layer A will be one third of As shown in figure
the layer B.
A
AT,
S AT = — C T, sin 30° F
3
T, T, sin 30°
or ATZ = 3AT1 T,
30°
AT, + AT, = AT :l e 000 o0 T cos300
4AT, = AT
10N
T—AT—48—12°C N
Y44
0= 0
38 (o) T1cos 309=T; cos 30

F=31+6]+2k Ti=T,=T (let)

s=—4i+xj+ 3k ) ) . )
Again, Ty sin 309 + T sin 300 =10 and 2T sin 300

12=-12+6x+6 =10
£x=3 > 2T.2 =10
39 (¢
= T=10N
F=3i4+6j+ 2k
s = —4i +xj + 3K Thus, the tension in the sections BC and BF are 10

N and 10 N, respectively.

12=-12+6x+6
43 ()

~x=3 As shown in figure

40 ()
The volume of the rod will remain same. Hence if
the length becomes four times. Its area of cross-
section will become one-fourth.
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44

45

46

47

A

C T, sin 30° F
T, T, sin 30°
T,
30°
;I cos 30° 90° N 90° T, cos SO;

10N

Ya

T1cos 309 =T, cos 300

T1=T,=T (let)
Again, Ty sin 30° + T; sin 309 =10 and 2T sin 30°
=10
N 2T.= =10
2
= T=10N

Thus, the tension in the sections BC and BF are 10
N and 10 N, respectively.

(d)
M X i + 2M X 3v§ = 3MV

vi+ 6v] = 3v

VA+2 j=v
gl t2vi=¥v

(d)
M X vi + 2M X 3vj = 3Mv

vi+ 6vf = 3v

4 +2vf =V
Fi+2vf=V
(d)
_ KA(T; — Ty) _ kmrf (Ty — T,)
Q= L = L,
_ kmr (Ty — T,)
2 = L,
r5 L 1
%_ 2 2=2)2c=2
Q i L 2
= Q2 =2Q
(a)
Heat energy gained,

48

49

50

51

52

Q = mc AT =5 x (1000 X 4.2) x (100 — 20)
= 1680 x 103 ] = 1680 kJ

(b)

Torque, t=r1r X F

i ] k
=1 -2 1
-2 2 3

=i(-6—-2)+ j(-2-3) + k(2 -
4)

Torque of force, t = —81 — 5] — 2k

(b)
Torque, t=r1r X F
i ] k
=1 -2 1
-2 2 3

=i(-6—-2)+ j(—2-3) + k2 -
4)

Torque of force, 1 = —81 — 5] — 2k

(d)

Since the balls hit elastically, they will rebound
with the same velocity. Hence the change in
momentum for each collision is—(—mv) = 2mv

Since n balls hit per second, the change in
momentum per second is 2nmv. This is equal to
force.

(d)

Since the balls hit elastically, they will rebound
with the same velocity. Hence the change in
momentum for each collision is—(—mv) = 2mv

Since n balls hit per second, the change in
momentum per second is 2nmv. This is equal to
force.

(9
KA(T, = T,) KT[I'Z(Tl -Ty)
= 1 - 1

H1 B (rl) (12) B (2) % 2 =2

o H2 = ZH
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53

54

55

(o)
. 22 1
For carbon dioxide, number of moles, n; = iy

molar specific heat of CO, at constant volume,
Cy, =3R

16 1
For oxygen, number of moles, n, = — ==;

32 2
molar specific heat of O, at constant volume,
L

vV, =5
Let T kelvin be the temperature of mixture.
Heat lost by O, = Heat gained by CO,

n,Cy, AT, = n,Cy, ATy

1/5 1
E(ER> (310-T) = 5 X (BR)(T —300)

or 1550 — 5T = 6T — 1800

or T =304.54K = 31.5°C

(d)

The given figure can be drawn as

R cos 6

A

M 1 60kg

Taking component of forces, R cos 6 = Mg
= Rcos 600=Mg ...(1)

and Rsin60°=T ..(ii)
From Egs. (i) and (ii), we get

= tan60°=%g:>T=Mgtan600

or T =60 x g x V3 =103.9 kgf

(d)

The given figure can be drawn as

R cos 6

M | 60kg

Taking component of forces, R cos 86 = Mg
=> Rcos 600=Mg ..(i)
Rsin 600=T

and

(i)
From Egs. (i) and (ii), we get

= tanﬁoonlg:TzMgtan 600

or T =60 X g X /3 =103.9 kgf

56 (a)

Law of conservation of momentum:

M1V1 + M2V2 =0

o M1V1 = _M2V2
M;V;)?
KE); = ———;
(KE); =~
M,V,)? M, V,)?
ey, = MV O
2M, 2M,
C(KE), _ M,
(KE), M,
57 (a)

Law of conservation of momentum:

M1V1 + M2V2 = 0

< M1V1 = _M2V2
AL
! 2M;

_ MV, (MyVy)?

(KE), = 2M, 2M,
. (KE)1 _ M,
T (KE), M,

58 (d)
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59

60

61

Given, n = 8 mol, At = 30°C
5
3 Q=nCpAT:>Q=8x§><8.31><30z5000

()
LaA8 + 2L(2a)(A8) = (3L)(a,, )A®

L oL 3L, (04

av

5
Or Oy =

(b)

The situation can be shown as below.

u=v U=V

=

Before collision

After collision

Applying law of conservation of kinetic energy,

KE (before collision) = KE (after collision)

1 2.1 2 1 5.1 5
Emv +§m(0) =§mv1 +va2

> vZ=v?+v3

S v, = /Vz—vf

Thus, the velocity of second block after collision is

(b)

The situation can be shown as below.

Vi
u=v U=V
= 8
- (]
m
Before collision v,

After collision

Applying law of conservation of kinetic energy,

KE (before collision) = KE (after collision)

62

63

64

65

66

1 1 1
Emv2 + Em(O)2 = Emvf + Emv%

=>V2=V12+V%

2

>v, = [vZ—-v]

Thus, the velocity of second block after collision is

2 _ 2
V4 — vy

(a)

Before explosion momentum = 0
After explosion total momentum will be zero

#—3Pi+2Pj+A=0

A = 3Pi—2Pj
|A] =9 + 4P = /13P
()

In the first case, there is no displacement. Hence
work done is zero.

In the second case, work done
W=mgh=2xXx98x%x1=19.6]

(o)
In the first case, there is no displacement. Hence
work done is zero.

In the second case, work done
W=mgh=2x98x%x1=19.6]

(d)

As1=1o(1+2-)

or 212 = 213 (1 +%)2

= 217 - 21§ = 21§ X —
07707100

2
A =AX—
100

AA 2
or 22=2 =29
A 100 /o

(o)

_ kAdO

o d
If the radius of the cylindrical rod is doubled, then
its area of cross-section will become four times.
oo A2 = 4-A1
AlSO dz - dl
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oA, d 1
.-.g=—2.—1=4><—=2
Q A; d; 2
~Q =2Q
67 (¢

in x- direction,
Apply conservation of momentum, we get
mu; + 0 = mvy

= mv = mvy

O—E

Before collision

D— .
v,

After collision

In y-direction, apply conservation of momentum,
we get

v

O+0=m<ﬁ

\
)—mvy:vy—ﬁ

Velocity of second mass after collision,

v = /(%)2+V2=\/§

or V=—2=V

68 (c)
in x- direction,

Apply conservation of momentum, we get
mu: + 0 = mvy
= mv = mvy

= Vx=V

69

70

O—E

Before collision

D— .
v,

After collision

In y-direction, apply conservation of momentum,
we get

\'"4 \'"4
0+0=m<—)—mvy=>vy:

¥5) 7

Velocity of second mass after collision,

or vV =

(9
Let V’ be the speed of the second ball after
collision. Since the collision is elastic, the kinetic

energy is conserved.

%mv2 = lm(z)2 +lmv’2

3
2, VP8V
=y ——=—
9 9
. ,_2\/§V
SV = 3
(<)

Let V' be the speed of the second ball after
collision. Since the collision is elastic, the kinetic
energy is conserved.

"2 2™\3) T3
VZ
2 _ 12
V—(3) +v
12=V2_V_2=8_V2
9 9
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71

72

73

74

75

!

SV

_2\/7V
T3

(b)

) Temp. difference 28
Thermal resistance = =

Thermal current 1400
= 0.02°C/s cal

(b)
cal
d=1mA=10"3m% K= 96?m°C, L
= 8 x 10* cal/kg
t=1min = 605,60, = 0°C,8, = 100°C

_ KAABt

3 mL

_ KAABt 96 x 1073 x 100 X 60

M= 80 x 10*
—72x10"3kg

(b)
If k is the kinetic energy and p is the momentum
then

oo p2 = ka
Ifk is constant, then p? < m

(b)
If k is the kinetic energy and p is the momentum
then

oo p2 = ka

Ifk is constant, then p? « m

(a)

Let the coordination of the centre of mass be (x,y).
_myXgtmpX,  1x(-D)+2x2  -1+4
- mq+ m, - 3 - 3 -

Y = miy;+mpy,;

m;+ m, 3 3 3

1X2+2x4 2+8 10

Therefore, the coordinates of centre of mass be

(12)

76

77

78

79

(@)

Let the coordination of the centre of mass be (x,y).
_myXg+mpX,  1x(-1D)+2x2  -1+4
T my+m, 3 - 3 T

1X2+2%x4 2+8 _ 10

_Mmyy;+mpy;

m;+ m, 3 3 3

Therefore, the coordinates of centre of mass be
10

(1' _).
3

(0

Maximum potential energy is attained at the
highest point which gets converted into kinetic
energy at the lowest point.

h=2-0.75=1.25m
Emv2 = mgh

~v2=2gh=2x10x1.25=25
~v=5m/s

(©

Maximum potential energy is attained at the
highest point which gets converted into kinetic
energy at the lowest point.

h=2-0.75=125m

- 2 — h
va mg

~v2=2gh=2x10x1.25=25
~v=5m/s

()
Applying Newton'’s law of cooling,

90-70 90+ 70
3 =K( —30)

20
or? = K(80 — 30) =50K

K- 20
T 6x50 15

Also,

70 — 50 70 + 50
=K( —30)

20
orT =K(60—-30) =30K

Page]63



80

81

82

83

84

20

Y=30Kk T 3K 3

(d)

Coefficient of cubical expansion of liquid= vy

2 2 %X 15
= = 10 min

Coefficient of linear expansion of copper= %

= coefficient of cubical expansion of copper= 3 X

Y _
3°Y

= Since the coefficient of cubical expansion of
liquid and the container is same. They will expand
by almost same amount and hence liquid level
will remain almost the same.

(b)

Torque, T rx F
= 1 =4j x (—61) =-(-24k) = 24k

(b)

Torque, T rx F
= 1 =4 x (—61) =-(-24k) = 24k
()

Let 6 be the temperature of junction and H,, H,
and Hj the heat currents. Then,

20°C

10°C
H1 = Hz + H3

30-6 ©6-20 6-10
or =

DB ®

or 2(30 — 8) = 3(0 — 20) + 3(20 — 20)

or8 =16.36°C = 16.4°C

(a)
According to law of conservation of momentum
mv = (m + M)v’

, m

v = v
m+ M

85

86

87

88

89

(a)

According to law of conservation of momentum

mv = (m + M)v’

(a)
6°C

o [ Comper | S| 0C

K. = 9K,, L. = 3Ls

Q KA(100-6) K,A(6—0)
t Lc B Ls

Putting K. = 9K, and L. = 3L and solving 8 =
75°C

(b)

The change in momentum of one ball,
Ap = mu — (—mu) = 2mu
The force exerted on the wall by N balls,

_ Change in momentum for N balls
B Total time (t)

_ 2mNu
1

(t=15s)
=2nNu

(b)

The change in momentum of one ball,
Ap = mu — (—mu) = 2mu
The force exerted on the wall by N balls,

_ Change in momentum for N balls
- Total time (t)

_ 2mNu
1

(~t=15s)

=2nNu

(d)
Given, force, F = (31 + 4)) N

Displacement, s = (31 + 4j) m
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90

91

92

93

Work done, W=F.s

=(Gi+4)).Gi+4) =9+
16

= W=25]

(d)
Given, force, F = (31+ 4j) N

Displacement, s = (31 + 4)) m
Work done, W=F.s

=(Gi+4).Gi+4) =9+

= W=25]

(a)

Let the velocity of block of mass 2 m after the
collision be v', then from conservation of
momentum,

1 1 V
mv=2mv =>v =3

Now, the coefficient of restitution,

__velocity ofseparation

- velocityof approach

(a)

Let the velocity of block of mass 2 m after the
collision be v', then from conservation of
momentum,

v
mV=2mV':V'=E

Now, the coefficient of restitution,

__velocity ofseparation

- velocityof approach
v Y
——=2=1-05
\% \% 2
(b)
Q\ K A;A8 Q\ K,A,A8
= (), - - (9, -
t/), L t/, L
Rz = 3R1

94

95

96

97

98

; KiA1A8  K,A,A0
L L

~ 3K;A; = KyA,
(c)

V =V, (1 + yAB)

L3 = Lo(1+ 0;40)L3(1 + a,A8)?

=L3(1 + a;A0)(1 + a,A8)?

Since, L3 = Vyand L3 =V,

Hence 1 +yA8 = (1 + o;A0)(1 + a,AB8)?

= (1+ oy A0)(1 + 2a,A0)
= (1 + a;40 + 20,A8)
S>v=0 + 20,

()

Area under the F-t graph gives change in
momentum. Since the body is initially at rest, it
gives the momentum of the body after 1 second.

Area =10x 0.5+ 20 x 0.5
=54+10=15N-s

~mV=15N-—s
V_15_15_75
=-=3=7 m/s

()

Area under the F-t graph gives change in
momentum. Since the body is initially at rest, it
gives the momentum of the body after 1 second.

Area=10x%x 0.5+ 20x 0.5
=54+10=15N-s

~mV=15N—-s

V_15_15_75
=—=5=7 m/s

(o)
Sublimation is not a mode of transfer of heat.
(a)
According to Newton's law of cooling,
a6 x (6 —0y)
dt 0
a6 = k(60 —0,)
dt — 0
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99

100

101

102

103

Where, k is a constant of proportionality.

75+65
=k(
2

75—65
2

—30)=kx40:>k=1

Now,
8

In case of second identical object,

5545 /55445
—k( —30)

t
10 1 20
— ==X
t 8

" 80 Ami
= = — =

20 min

(a)

Thermal conductivity is independent of
temperatures of the wall, it is a constant for the
material, so it will remain unchanged.

(a)
For thermal expansion
AL = LA®
If rod is compress by AL then
AL = FL
~AY

FL L o AB
S— =L

AY

d Y o< AB
==Y«

A
(b)
In rotational motion, the relation between torque
T and angular momentum List = %
Here, dL=(4—-1)=3] —s
and dt=4s
o 3]-s 3
TS s~ 1)
(b)
In rotational motion, the relation between torque
T and angular momentum L is t = %

Here, dL=(4—-1)=3]—s

and dt=4s

_ _3]—5_3
TS s g
(a)

25% of the energy is absorbed by ice and it melts

104

105

completely.
~ 0.25 mgh = mL
h=— b = 35 x10° 1.4 x 10°m
0.25xg 0.25x10
= 140 km
(©

Letm; =m, =m3 =m

Let s, S, S3 be the respective specific heats of the
three liquids.

When A and B are mixed,

temperature of mixture = 16°C

As, heat gained by A = heat lost by B

« ms;(16 — 12) = ms, (19 — 16)
(D)

4'51 = 352

When B and C are mixed, temperature of mixture
= 23°C.

As, heat gained by B = heat lost by C

ms,(23 —19) = ms3(28 — 23)

4s, = 5s;3 ..(ii)

From Egs.(i) and (ii), we get

3 15
152 =7.53

S17 7% 7 7

When A and C are mixed, suppose temperature of
mixture =t
As, heat gained by A = heatlost by C

ms; (t—12) = ms3(28 —t)

15
RS3(t_ 12) = 53(28 - t)

= 15t— 180 = 448 — 16t

628
— = 20.2°C

$t=31

(9
The third force will have magnitude equal to their
resultant. The resultant is given by

R = /P2 + P2 + 2P2 c0os 90
= /2P2 = /2P
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106 (c)
The third force will have magnitude equal to their
resultant. The resultant is given by

R = /P2 + P2 + 2P2 cos 90

= \/2P2 = 2P

(b)
Here, K4 = 2Kg and (dx), = (dx)g

107

If 6 is temperature of junction, (dT), =6, — 6
and (dT)B = (9 — GB)

w (), = (&),
(dDa ., A@dT)g
(dx)a ° (d0p

2Kp(05 —0) = Kg(6 — 05p)

=20, —20=0-06p
= 20, + 65 = 36
As, 0, — 0 = 48°
0, =48 + 05 (1)
Putin Eq.(i), we get
2(48+065) + 065 =36
= 96 + 3065 = 36

= 96 = 3(6 — 0p)
~0—0g =96/3 =32°C

(d)

Here,

108

by _1
D, 2
A, D? 1
S — = — = - =
A, DZ 4

2
1
0 (e, 2T ana £ (=

t
. dQl/dt _ Al dXZ _ 1
" dQy/dt dx; A, 4

(d)
Thermal conductivity of a rod depends on
material of the rod.

109

110 (a)
Given, F =20 kg-wt=20x9.8Nands=20m, 0

= 600
Work done =Fscos 0
=20x%9.8x20 X cos60° =
1960 j
111 (a)
Given, F =20 kg-wt=20x9.8Nands=20m, 0
= 600
Work done =F s cos 6
=20x%9.8x20 X cos60° =
1960 j
112 (a)

Strain = ATI = aAO
Stress = Y X Strain = Y aAB
~ Force or tension, T = Stress X Area = YA aA©

_ mYad?A8 (
= " .

_ mx2x1011x1075x107*x25
B 4

or T

= 3926 N = 4000 N

113 (a)
Q kag
At d
H10 =k k102
18 x 1072
k= — = 2 X 1072 kcal/mS°C
114 (c)

If V is the velocity of heavier block after collision,
then by law of conservation of momentum

mu = 2mV
_V_l_05
'e_u_Z_ '
115 (c)

If V is the velocity of heavier block after collision,
then by law of conservation of momentum

mu = 2mV
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116 (a)
As, AL = La AT = 0.19 = 100 X a X 100
= a=019%x10"*=19x%x10"5°C?
= y=3a=57x10"°/°C

117 (b)
m; = 1gm

m, = 4gm

“1pf 1pj
“2m; 2m,

1
p2 2
118 (b)
m; = 1gm

m, = 4gm

“1pf 1p}
“2m; 2m,

119 (b)
Let water equivalent be x.

1040 _ k(T1+T2 T)
(10 4x)ege = 2 0

where, c is the specific heat of water,

AT = change in temperature
and At = time at which temperature falls.

. (20-15) 20+15 :

2 (10 4+ B2 = k(B2 - )...(0)
20-15 20+15 .

(20+x)c%= —k( ; —TO)...(II)

From Egs. (i) and (ii), we get

10+x_20+x
10 15

= 150 + 15x = 200 + 10x
= 5x =50

=>x=10g

120 (b)

121

122

123

124

vim; +my) =mx34+0
_ 3m —1
" m+2m m/s
(b)

v(im; +m;) =mx3+0

(o)
As dQ _ KAd—T, therefore when
dt dx

dt 1A 2)2 =4,K L
- — - = - —
2’ (2) y 4

d . .
d—? becomes twice; m would become twice.

Mass of ice melted /s =2 x 0.1 =0.2gs™ !

(a)

KC > KB RC < RB

Temperature difference across copper = HR¢ =
(TD)c

and temperature difference across brass = HRg =
(TD)g

Heat current H will be same in both, as they are in
series.

Since,R¢ < Rp
(TD)c < (TD)g
Or temperature of junction is more than 50°C.

(b)
When temperature is 80°C, by Newton'’s law of
cooling, we have

80 + 30
1.5= k( - 30) = k(55 —30) = 25K
When temperature is 50°C, let r be the rate of
cooling.
Then,
50 + 30

r= ( > —30>=k(40—30)=10K

r 10

15 25
y —1O><15—3—06°C i
.-r—25 S=g=0. /min
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125 (d)
T,
1 0 —= 1 0 =—2
T3 sin 60° =T, sin 300 = T3 7
. ___--—-"""_——-4__:1:2-cos300 30)
60° -
T3
T; sin 60°
T, sin 30°
TI
y
w =100 N

Now, T2 cos 300 + T3z cos 60°=T; =100

or V32T2+%x%=1000rm=100
T,=50v3N
126 (d)
T sin 600 = T, sin 300=>T3=%

T, sin 30°

w =100 N

Now, T2 cos 300 + T3z cos 60°=T; =100

or VZT2+$—§x§=1000r%=100
T2=50\/§N
127 (d)

If R is the thermal resistance of each rod, then in
series, their equivalent resistance will be Rg¢ = 2R

and in parallel it will be Rp = g

. Rp 1
Hence the ratio —= = =
Rg 4

Since thermal resistance becomes one fourth, the
rate of transfer of heat will become four times.

: . . 1
Hence time required will be S

128 (d)

129

130

131

132

K 1
~ Ko =
X

@ X < Xy < X

(b)

H =222 Heat current = -2 ...({)
RaB RaB
9cm |

A C B

le >

! 20 cm -

100

100 — ec =H- RAC = R_ . RAC [from Eq (1)]
AB

_loox9
=——=

8¢ = 55°C

(d)

Torques due to F_l) and F_Z) are in anticlockwise
direction and that due to F_3) is in clockwise
direction. The perpendicular distance from the
centre ‘d’ is same for all the forces. Since, the net
torque about the centre is zero, the clockwise
torque must be equal to the anticlockwise torque.
~ Fid + F,d = F3d

orF; +F, =F;

(d)

Torques due to F; and F; are in anticlockwise
direction and that due to F;, is in clockwise
direction. The perpendicular distance from the
centre ‘d’ is same for all the forces. Since, the net
torque about the centre is zero, the clockwise

torque must be equal to the anticlockwise torque.
o Fld + de == F3d

or F1 + Fz = F3
()
Applying, Tl;TZ =a [Tl;rTz - To]
50-40 50+40 .
= a[ T 20] (D)
and 40:30 = [40;30 — 20] (i)

Solving these two equations ,we get
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t = — mi
3 min
133 (c)
Q  ka®
tA d
. d
Q—900k1 ut , 900  Kkcal
tA_ Cal per minute per m~ = 60 = sz
d=3cm=3x%x10"%m,A0 = 15°C
k_15x3><10‘2_3><10_2kca1
- 15 - ms°C

134 (c)
Conservation of linear momentum can be applied
but energy is not conserved. Consider the
movement of two particles as shown below.

< < :B «
™
<
\J

)
v\
/

(Just after collision)

According to conservation of linear momentum in
x - direction, we have

(pl)x = (Pz)x or2mv = (Zm + m)VX
or

v, =2y
X7 3

As, conserving linear momentum in y-direction,

we get (p1)x = (p2)y
or2mv=(2m+m)v, or v,= %V

Initial kinetic energy of the two particles system

is
_1 2,1 2
E4 —Em(Zv) +E(2m)(v)
_1 2,1 2
—Ex4mv +E><2mv
=2 mv? + mv? = 3 mv?

Final energy of the combined two particles system
is

E; =%(3m) (vZ+v2)
1 av?  4v?
=3 6m |5+

__ 4mv?
R

_3_m[%
2109
Loss in the energy.
— — 2 4] _5 2
AE=E,—E, =mv [3—§]—§mv

Percentage loss in the energy during the collision,

5 u2
ﬁ _zmv —E _
E, ><100—3mVZ ><100—3 X 100 = 56%
135 (c)

Conservation of linear momentum can be applied
but energy is not conserved. Consider the
movement of two particles as shown below.

< < :3 «
)
<
\J

)\
AN
/

(Just after collision)

According to conservation of linear momentum in
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136

X - direction, we have
(P1)x = (P)x or 2mv = (2m + m)vy

or Vy ==V

3
As, conserving linear momentum in y-direction,

we get (p1)x = (p2)y

2
or2mv=(2m+m)vy, or v,= 3V
Initial kinetic energy of the two particles system

is
Er =2 m(2v)? + 3 (2m) (v)?

1 1
E><4mvz+5><2mv2
=2 mv? 4+ mv? = 3 mv?

Final energy of the combined two particles system
is

Ex =%(3m) (v +v3)

3 Gm [+ 47

Loss in the energy.

5 2

AE=F; —E, =mv[3—3] =3 mv

Percentage loss in the energy during the collision,

AE ><1oo—gmvz %100 =2 x 100 = 56%
E, T 3myv2 T3 - 0
(a)

The mass M is initially at rest, hence its initial
momentum is zero. By law or conservation of
momentum, the net momentum of the three
pieces should be zero.

3M 5M

b= andpz =

Three are at right angles to each other.

Their resultant will be p = /p? + p3

137

138

139

5M

M
425 4

[E 5y -

The momentum of the third piece will be equal
and opposite to this.

The mass of the third piece will be %

If its velocity is V, then

M V_5M

27 4
~V=25ms"1
(@)

The mass M is initially at rest, hence its initial
momentum is zero. By law or conservation of
momentum, the net momentum of the three
pieces should be zero.

3M 5M

P = andpa =5

Three are at right angles to each other.

Their resultant will be p = /p? + p3

[E ) -

5M

M
4 4 W5 4

The momentum of the third piece will be equal
and opposite to this.

The mass of the third piece will be %

If its velocity is V, then

M V_SM

27 4
~V=25ms"1
(d)

2KiK,  2(K)(2K) 4

®9 T K, +K, K+2K 3

(9

Froml, = ;{1 + a(t, —ty)]
-1

=t =t + L

—204— 10

B 1.0x2x 1075
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140

141

142

143

(a)
Q _ kA(6; - 6,)
t d

_22x(10° x 107*) x [32 — (-8)]
N 4 %1073

_22x107' x40
T 4x1073

=2.2x103cal/s

= 2.2 kcal/s
()
Ka 3
Kg 2
Thermal resistance is given by
1

R=—

KA
RA = RB
la Ky 3
g Kg 2
(b)

m; =mu; =v,9; =0

m, = 4m,u, = 0,9, =?

By law of conservation of momentum we have
mqu; + myu,; = my9; + m,9,

somv + O == 0 + 4‘m2'l92

v
~v =49, o0r9, =2

v
192—19122_0

U; — Uz

Coefficien of restitution e =

=0.25

(b)

m; =mu; =v,9; =0

m, = 4m,u, = 0,9, =7

By law of conservation of momentum we have
myu; + myu,; = my9; + my9,

~mv+0=0+4m,9,

\'%
~v=49,0r9, =Z

—_ I 9, — 9 Z -0
Coefficien of restitution e = =
ul — u2 VvV —
= 0.25
144 (a)

As; % = %Ae = ATG = ATS (where, R = thermal
(&)

resistance)

145

Series resistance, R = R; + R, = 2R

; R;R R
and parallel resistance, R, = Rz R
R;+R; 2
t « R
R
S_Rp_ 3 _1
tS Rs ZR 4
tg _
tp—z———lmln
(0
uz—ul
e=——
ul—uz
.,
\%
u1=V;u2=0
u, —u u u
e=———=2-— (D
\% A4 \Y4

By law of conservation of momentum:

mv = mu; + mu,
u; Uz
l=—+—
A% \%

Uz

o—=—=1-—

- (2)
\% v
Putting in equation (1)

\% \%
u; u;
e=—-1+—
\% \%
2u,
e=—-1
\%
2
—=e+1
u, e+1
v 2
146 (c)
U — Uy
e:
U; — Uz
u
29
\%
u =v,u, =0
U —up Uy U
e= =——-— .1
\% v \%

By law of conservation of momentum:
mv = mu; + mu,

Page]72



147

148

149

150

151

At o1-2 @)

Rate of heat transfer,

Q. _ KA(90 — 60)

= 50 KA
t 0.6 50

KA(150-110)
0.8

and%z =50KA

Hence, heat transfer is same for both.

(a)
Let the temperature of junction be 6.
(5) e = (30)
At copper At steel
(100-6) K,A(6—-0)
KA = 6
(100 —9)
= 9K, ——=K,0

3
or 30 =900—-96

or 126 =900
or 8 =75°C
(d)

Due to large specific heat of water, it releases
large heat with very small temperature change.

(@)
Heat lost = Heat gained

~ (100x 80)+(100x 1x T) = 100x 1x (100-T)
orT=10°C

(9
Total work done W = W; + W,

152

where W; = work done against gravity
and W, = work done against friction
W =100],
W;=mgh=1x10x5=50]

W, =W-W,; =100-50=50]

(©
Total work done W = W; + W,

where W; = work done against gravity
and W, = work done against friction
W =100],
W;=mgh=1x10x5=50]

W, =W—W, =100 —50 =50]

153 (b)

Temperature in kelvin= —197 + 273 = 76 K
154 (c)

Total mass (m + M)

: leration = d

~ acceleration = = m
155 (c)

Total mass (m + M)

: leration = "

~ acceleration = m
156 (b)

Let L be the length of each rod.

Temperature of A = 60°C, temperature of E =
10°C

Let 64, 0,, 05 be respective temperature of B, C, D.
If Q1,Q5,Q3,Q4,Qs, Qg are the amounts of heat
flowing per second respectively from A to B; B to
C;BtoD; Cto D; D to E and C to E, then using
figure,

C(8,)
Q2 X X Q6
A(6Q01°) - x|, y E (10°)
Qs
D (63)
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_ 0.46A(60—8;) _ 0.92A(8; — 6,)

1 L » X2 L
_ 0.46A(0, — 03) _ 0.92A(6, — 63)
3= L Qe = L
_ 0.46A(6; — 10) _ 0.92A(6, — 10)
5— L K6 — L
Q: =Q2+Q3
0.46A(60 — 0,)
Now, [
_ 0.92A(6, — 6,)
- L
0.46A(6, — 6
N (Ll 3)

60 — 0, = 2(8, — 6,) + 6, — 65
or 48, — 20, — 85 = 60° ..(0)
Again, Q; = Q4 + Q6 (gives)
0, — 30, — 8, = 10° ...(i)
Again, Qs = Q3 + Q4 (gives)

0, + 20, —46; = 10° ..(iii)
Solving Egs. (i), (ii) and (iii), we get

0, = 30°C,0, = 20°C,0; = 20°C

159 (d)
Applying, Tl:TZ =« [Tl;rTZ — TO] where a is
constant.

50-45 50+45 :
L Y B

45-415 454415 .
= a[ S~ To] (i)

Solving these two equations, we get
T, = temperature of atmosphere = 33.3°C

160 (c)
2 2
W=dex= f(10+0.5x)dx
0 0
= [10x + 0.5x2/2]3 = 21]

161 (c)
2 2
W=deX=f(10+0.5X)dX
0 0
= [10x+ 0.5x%/2]3 = 21]

162 (d)
AV 03
V.A® 100 x 50

Y= =6x107>/°C

a===2x%x1075/°C

163 (b)
W = NScos 6

Angle between the normal reaction N and the
displacement S is 90°. Hence the work done will
be zero.

164 (b)
W = NScos6

Angle between the normal reaction N and the
displacement S is 90°. Hence the work done will
be zero.

165 (c)
~ RPR + RRQ = RPQ

166 (a)
(m+ m)v, =m X 3v

Vy = v

N| W

167 (a)
(m+ m)v, =m X 3v

Vy = v

N| W

168 (c)
The coefficient of thermal conductivity of a rod
depends on its material of the rod.

169 (d)
All = 110(1A and Alz = lzaer

All = A]z
AR llalAe = lzaer
o 110(1 = 120(2

170 (d)
Increase in volume AV = V,yA8

=107 x 18 x 107° x 100
=18x 1077 m3
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AV=1xA

AV 18x107°
A 0.002x 1074

=9%x107?m=9cm

171 (c)
. o h,
The coefficient of restitution e = ™
1
h
2= g2
hy

orh, = e?h; = (04)?x5=0.16X5=0.8m

172 (c)
. o h,
The coefficient of restitution e = ™
1
h
o2 =g
hy

orh, = e?h; = (04)?x5=0.16 X5=0.8m

173 (c)
Q=mcQAT = c = i
mAT
WhenAT=0=>c=o

174 (d)

T is the temperature of the junction then we have

Q_ KA —T) _ KA(T - T,)
t d, d,

~ (K Ty =K T)dy = (K, T - K;Tp)dy
Solving this for T we get

~ KyTyd, + K, Tody

175 (d)
h = L t2
_|2n
g

176

177

178

179

f= 1 _ 1 (g
ttotal 2N 2h
(d)
1
h = —gt?
2 g
2h
St= |—
g
2h
tiotal = 2t=2 |—
e 1 _ 1 (g
B ttotal 2N 2h
(d)

Let velocity after the collision be Vmv = 2mV

Y fZgL
V:—: e —
2 2

Initially the tension is T; = mg after collision

T, —2mg =2 Vz—2 28l _
2 —2mg=2m—=2m-—-—-=mg

=T, = 3mg
Thus, T, — T; = 2mg

(d)

Let velocity after the collision be Vmv = 2mV

Y ’ZgL
V:—: —_—
2 2

Initially the tension is T; = mg after collision

T, —2mg =2 vz—2 28l _
> mg = 2m-—— = 2m—-— = mg

= T, = 3mg

Thus, T, — T; = 2mg

(c)

E = cAT*

E' =cA'T*

A=LxB

A,_LXB_LB_A
37379 9
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180

181

182

183

T=27°C=300K

T’ = 327°C = 600 K

E A /T\* 1
—==(x) =@
E A\T 9
. L6E

B =—

(d)

Let v be the velocity of mass m and v’ be the
velocity of mass M after collision.

By law of conservation of momentum

mv = Mv’
v'. m
v M

Coefficient of restitution
Relative velocity after collision

~ Relative velocity before collision
\%

\%

(d)
Let v be the velocity of mass m and v’ be the
velocity of mass M after collision.

By law of conservation of momentum

mv = Mv’
v’ m
v M

Coefficient of restitution
Relative velocity after collision

~ Relative velocity before collision
\%

\%

(d)
For same change in temperature the change in
length is same for both the rods.

Change in length AL = LaT
o LlalAT = LzazAT
or L10(1 = Lzaz

(b)

Let R be the thermal resistance of each rod when

184

185

connected in series, the total resistance will be

R, = 2R

When they are connected in parallel, the effective
resistance will be

R

R

P2

=

SR 1
R

In parallel combination, the resistance becomes
one-fourth and hence time will also become one-
fourth

8
~ Time taken— = 2s

()

Mass of the body, m = 3.0 kg
Initial speed, u=2.0m/s
Final speed, v=35m/s
Time, t=25s
Force, F =7

Using the first equation of motion of motion, v=u
+ at

= 35=20+ax25

o= 3520
- 25

=

Acceleration, a = ;—55 m/s?
=~ Force acting on the body,
15
F=ma=30x-—-=018N

As, direction of motion of the body remains
unchanged, therefore the direction of force acting
on the body is along the direction of motion.

(a)
Mass of the body, m = 3.0 kg
Initial speed, u=2.0m/s

Final speed, v=3.5m/s
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Time, t=25s

Force, F=?

Using the first equation of motion of motion, v=u

+ at
= 3.5=2.04+ax25
3.5-2.0
= a=
25

Acceleration, a = % m/s?2
=~ Force acting on the body,
F=ma=30x22=0.18N

As, direction of motion of the body remains
unchanged, therefore the direction of force acting
on the body is along the direction of motion.

186 (c)

Accelerationa; = 6 ms™ =

~F= 6m1

(D)

F
m; +m,

Accelerationa = 4 ms™2 =

~F= 4m1 + 4m2 (11)

By (i) and (ii),
6m1 = 4m1 + 4m2

<. 2m1 = 4m2

my
oo mZ = 7

F 2F
a,=—=—=2a;=2X6=12ms"~
m; 1y

2

187 (c)
2 _

Accelerationa; = 6 ms™* =

my
... ()

oo F = 6m1

F
m; + m,

Accelerationa = 4 ms™2 =

< F = 4m1 + 4m2 (ll)

By (i) and (ii),
6m1 = 4'm1 + 4'm2
< 2m1 = 4m2

my
oo mZ = 7

F 2F
ay;=—=—=2a; =2X6=12ms"~
mp; my

2

188 (a)

AL = L o« AT FL
= [0 = —
AY

. F = AY o< AT
» Mg = AY o« AT

M_AYocAT_3x10-6x1011x10-5x100

g 10
=30kg
189 (a)
M= 2kg
F1 = F2 = 1 N
0 = 60°
. o V3
Total effective force = 2 X Fcos30° =2 x 1 X -
- V3
, V3
=~ acceleration = -5 = \/3/4=v0.75
190 (a)
M= 2kg
F1 == Fz = 1 N
0 = 60°
V3
Total effective force = 2 X Fcos30° =2 x 1 x -

~ V3

V3
-~ acceleration = -5 = +/3/4 =+v0.75
191 (c)

In steady state, the rate of flow of heat is same
through the two sections
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193

194

195

196

LQ_KAM =T _KAA-T,)
t

Iy I
o K1T112 - K1T12 = K2T11 - K2T211
Solving, we get

Kyl + Kyl

()

If u is the initial velocity and d is the distance
(1)

Where a is the retardation

then u? = 2ad ...

If m is increase to 1.4 m, and the retarding force
remains same, then the retardation becomes %

2ad’
2 — s

ut = (ii)
By (i)and (ii)
2ad — 2ad’

=14

d' =1.4d
()
If u is the initial velocity and d is the distance

thenu? = 2ad ...(i)

Where a is the retardation

If m is increase to 1.4 m, and the retarding force

. . a
remains same, then the retardation becomes ”

_ 2ad’

u? = a (ii)
By (i)and (ii)
2ad = Za_d’
1.4
~d =1.4d
(©

a, a+g g+g/2 3/2 3

a, g—a g-g/2 1/2 1

(9]
a; a+g g+g/2 3/2 3

a, g—a_g—g/2_1/2_1

197

200

201

(a)
According to Newton'’s law of cooling law,

0, — 0, 0, + 0,
=K -0
t ( 2 0)

Where, 6, = temperature of surrounding
Casel

100—-70 (100 +70 15) 15 K(70
8 2 or = K(70)

Casell

70 — 40 70 + 40 30
. = K( — 15) orT = K(40)

Dividing Eq. (i) by Eq. (ii), we have

15 t 70

—_ X — = —

4 30 40

(= 7 o 4 %30

47 15
~t=14s
(@)

Given, initial temperature, T; = 80°C

Final temperature, T, = 50°C
Temperature of the surroundings, T, = 20°Ct; =
5 min

According to Newton's law of cooling,

. dT T, + T,
Rate ofcoohng,a =k [T — TO]

(80 —50) k[so + 50 20]
5 B 2

30
< = k(65 - 20)

_ _6_2
6—k><450rk—45—15

In second condition,
Initial temperature,T; = 60°C
Final temperature, T, = 30°C

t' =2

60—30 2 (60+30
Now,( ) — (

~20)

¢ T 15\ 2
30_2 (45 — 20)
t' 15
ort’ =321° _ 9 min
2x25
(b)

According to conservation of linear momentum

Mu+0=Mv+0
Page]|78



202

203

204

205

206

u and v are respective initial and final velocities of
m and M

(b)

According to conservation of linear momentum
Mu+0=Mv+0

u and v are respective initial and final velocities of
m and M

m
‘.e:—:M
(@)
AQ\ _ (AQ
as. (50), = (&),
T, —T T, —T
e, BT (=)

1 1

or K]_Al = KZAZ

A _ K
or =g,
()
Using Newton’s law of cooling:
80 — 64 80 + 64
5 ( - e),

0 = temperature of surroundings

80 + 52
()

80 —52

10 2

16
“ o =K72-8) ..()

428 _ K(66 — 8 i
and 7o = ) .. (i)

Dividing (i) by (ii), and solving we get
0 = 24°C

(b)
Heat lost by hot water = Heat gained by cold
water in beaker + Heat absorbed by beaker

= 440(92-T)= 200X (T-20)+20x% (T-20)
= T =680C

(0

Theoretical equation

207 (c)
Theoretical equation
208 (a)
mv = Mv
mv 20X 1073 x 750
V=T T =6m/s
209 (a)
mv = Mv
mv 20X 1073 x 750
VoS > C =6m/s
210 (o)

Water has maximum density at 4°C so, if the
water is heated above 4°C or cooled below 4°C

density decreases, i.e., volume increases. In other

words, it expands, so it overflows in both the

cases.
A
Density
0°C 4°C Temperature
211 (d)

F = rate of change of momentum
= 25 x 1073 kg/s x 400
=10N

(d)

F = rate of change of momentum

212

= 25 x 1073 kg/s x 400
=10N

213 (¢)

. Al laAB
Strain = — = =

T = 1 a0
Stress = Y X Strain = YaAO

(Stress) ; = (Stress) ,

~ Y04 = Y0, (+ AB - same)
Y, oy 3
or —=—===
Y, oq 2
214 (c)

Given, F =600 -2 x 105t
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Att=0,F=600N s~ p = Vvmkx

According to equation, 218 (a)
s . . 1 1 m2v? p?
Initial kinet =-mv?==: =—
F =0, on leaving the barrel ftial kinetic energy= ; mv m 2m
= 0=600-2 x 105t The potential energy of the spring= %kx2
2
=20 =3 x 1035 S L e
2m 2
This is the time spent by the bullet in the barrel. "p= VmEkx
Average force, F = 80*9_300N 219 (b)
0 All == A]z or llalAe = lz(Xer
Average impulse imparted =F X t
orit =%
1, o
=300%x3Xx103=09N-s
220 (b)
215 () _ Temp. difference 28
Given, F =600 - 2 X 105t Thermal resistace = Thermal current _ 1400
= (0.02 °Cs/cal
Att=0,F=600N
221 (¢)
According to equation, Initial velocity of m; is v; and of m, is v,. The final

velocity of m; is v,
F =0, on leaving the barrel

Hence, we have the relation:

= 0=600-2x 105t
_ (ml - mz) 2m,v,
t=L05=3 x 103s 27 \mp+my/ "t my +my
2% 10
.. . . 2m2V2 mq —m,
This is the time spent by the bullet in the barrel. L Vy — = ( ) 1
m; + m, m; + mj,
Average force, F = 80*%—300N . (ml - mz)v _ (ml - m2>v
h m; +m, 2 m; +m, !
Average impulse imparted = F X t
oo V2 = V1
=300x3x103=09N-s v,
orV— =1
216 (©) !
Change in length, 222 (c)

6 Initial velocity of m; is v; and of m, is v,. The final
Al = [,a AT =10 x 11 x 107°(19 — 20) velocity of m, is v
118V

- -5
F1 %107 cm Hence, we have the relation:
217 (a) m; —m, 2m2V2
Initial ki . 1 2_1IIIZV2_p2 2:( )V1
nitial Kinetic energy= Somve =-——=-— my; + m, m; + m,
. . 1 2m,v m; —m
The potential energy of the spring= Ekx2 SV — 272 _ ( = 2) 2
m; +m, m; +mj,
2
,-_p_=1kX2 (M1~ My _ (Mg — My
m_ 2 |l )y =—— "
m; +m, m; +m,
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VZ - Vl
Vv
or—==1
\41
223 (b)
o H1 = H2

(%)1 = (%)2 (where, TD = temperature

difference )

OI‘R1=R2

! = KA, = K,A

K1A1_K2A20r 181 = KaAp
224 (b)

The increase in length due to heating is given by
L=Ly(14+aT)orL—Ly, =AL = LyaT
To compress the rod by AL, the force required is

given by
Fo YAAL
L

Substituting the value of L and AL we get
YA X LoaT  YAaT

“Ly(1+aT) 1+al

225 (b)
Initial kinetic energy
1 1
klzzmwf=§x2xum2=1m]

By law of conservation of momentum
m;u; + myu, = (m; + my)v
mqu; + myu,

m; + m,
_2><10+0_20_ m
243 5 s

1
- Final kinetic energy k, = g (m; + my)v?

1 , S5x16
=~ Loss of kinetic energy = k; —k, = 100 — 40
=60]
226 (b)
Initial kinetic energy
1 1

By law of conservation of momentum
m;u; + myu, = (m; + my)v
myu; + myu,

m; + m,
_2><10+O_20_4m
T 243 5 s

1
=~ Final kinetic energy k, = > (m; + my)v?

1 5
ZEXSX(4)2: =4‘0]

2
=~ Loss of kinetic energy = k; —k, = 100 — 40
=60]

227 (d)
V =500 cm?,a = 12 x 1076 /°C

Y =3a=36x%x10"° /°C
AV = VaAB = 500 x 36 x 107° x 100 = 1.8 cm?

228 (a)
Newton'’s law of cooling states that the rate of
cooling of a body is directly proportional to
temperature difference between the body and the
surroundings, provided the temperature
difference between the body and the
surroundings, provided the temperature
difference is small, (less than 10°C) and Newton'’s
law of cooling is given by dT/dt o< (6 — 6)

229 (o)
Angular momentum of the bullet about the
pivoted end of the rod is L = mVL

The angular momentum of the system just after
the collision is

ML? 5 M 5
L’=Tw+me=(§+m)Loo

M+ 3m
=( 3 )Em

=~ By law of conservation of angular momentum

L'=L

.<M+3m

L?w = mVL
3)u)m

3mV

C T M+ 3mL

230 (¢)
Angular momentum of the bullet about the
pivoted end of the rod is L = mVL

The angular momentum of the system just after
the collision is

, M2 5 M 5
L =—w+me=(§+m)Lw

3
M + 3m
=< 3 )Bw
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231

232

=~ By law of conservation of angular momentum

LI'=L

_<M+3m

[?w = mVL
3)u)mV

3mV

O M+ 3mL

(@)

As the steel tape is calibrated at 10°C, therefore
adjacent centimetre marks on the steel tape will
be separated by a distance of

Length of copper rod at 30°C
=90(1 + a, X 20)cm

Therefore, number of centimeters read on the
tape will be

~90(1 + ag x 20)
T 1(1 + ag X 20)

~90(1+ 1.7 x 107° x 20)
T 1(141.2x 1075 x 20)

90 x1.00034
1.00024

(0
Let x; and x, be the position of masses m; and
m,, respectively.

=90.01 cm

__ Xymy +X;my

The position of centre of mass, Xcym

mq+ m,

If Ax; and Ax, be the changes in positions, then
change in the position of centre of mass,

Ax;m, + Ax,m,

AXepm =
M m; +m,

Given, the centre of mass remains unchanged, i.e.
AxXcy = 0and Axy =d

dm; + m,Ax,

=>0=
m; +m,
Or Ax, = —=4
mp

Here, negative sign shows that the second particle
should be moved towards the centre of mass.

233

()
Let x; and X, be the position of masses m; and
m,, respectively.

_ X1m4q + XMy

The position of centre of mass, Xcy
m1+ m;

If Ax; and Ax, be the changes in positions, then
change in the position of centre of mass,

Axim; + Ax,m,

AXem =
M m; +m,

Given, the centre of mass remains unchanged, i.e.
Axcy = 0and Ax; =d

_dm; + myAx,

=0
m; +m,

Or Ax, = ——2d

my

Here, negative sign shows that the second particle
should be moved towards the centre of mass.

234 (o)

235

x=t3-2t—10

dx

—=3t?-2
dt

d2x_6t
dez

.dzx
..Fls =30
m = 5kg

~F=5x30=150N

(a)
Work done

W—lFl
2

Where |l is the extension

1 = Lat
Force = YAI
orcer = L
W= YA?  YA(L?a®t?)  YALot?
o2 L 2L 2
236 (b)
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237

238

239

Heat required,
Q = m1C1AT + m2C2AT + m3C3AT

= (2.4 % 0.216 + 1.6 X 0.0917 + 0.8
x 0.0931)(60)

= 44,376 cal = 44.4 cal

(b)

m; =mu; =v,9; =0

m, = 4m,u, = 0,9, =7

By law of conservation of momentum we have
mqu; + myu, = myY; + my9,

somv + 0=0 + 4m2'82

\Y%
~v=49,0r9, =2

v
192—‘91_2_0

u—u; v-—20

Coefficien of restitution e =

=0.25

(b)

1

4

Let1; be the initial length of the rod and r; be the

radius of the rod. Then

_ KA(T, — Ty)

1 —11

KA, (T, — Ty)

H, R T—
2
Hy Ay Ly
“Hy Al

Ifrz = 21‘1, then AZ = 4‘A1

H, 1

=4 X==2
H,

.o H2 = 2H1

(a)

Here, AT = 20 — 15 = 5°C,

a=0.000012°C 1 =12x1076°C™?

1
Time lost per day = Ea(AT) %X 86400 s

1
=E><12><10‘6><5x864005

=2590s=26s

240 (d)

As shown in figure, centre of mass of respective

rods are at their respective mid-points.

Hence, centre of mass of the system has
coordinates (xcm, Yem), then

(0,2)

& (a, 0)
(30)
a a

X _mxz+mx5+mx0_3

M — 3m ~3
a a

v :mx0+m><5+mx§:3

M 3m 3

241 (d)

As shown in figure, centre of mass of respective

rods are at their respective mid-points.

Hence, centre of mass of the system has
coordinates (xcm, Yem), then

(0,2)

(a, 0)

a a
m><5+m><5+m><0 a

XCM: 3m _E

mx0+mxZ+mx3 4

YCM: 3m =§
242 (a)

As,p = po(1 —yAT)

%97 =10(1 -1y x 100)
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9.7
= =1-yx100

10
100 =1 27 _03 3x 1072
= v X =1l—-—=—=3x
Y 10 10
>y=3x10"*
1
- - v = 10—40(:—1
o 3y
243 (b)
Given, F « 1
v
A
F= v’ where A = constant,
dv A A% t
ma=m-_=>=mf Vdv=2[dt
2,V
= m|v—| = At = mv2 =k = At
2 0 2
Kx t
244 (b)
Given, Foc%

A
F= v’ where A = constant,

dv _ A v t
ma=m_ =>=m[ Vdv=2[dt

dt
v2|V 1
> mlY| =AlE=Imv=k=2t
2 0 2
Kx t
245 (c)
F
Accelerationa = —
V2 = 2as
1 1
K.E.= EMVZ = EM X 2as = Mas

F
=MXx—Xxs=FS
M S

Kinetic energy is independent of M
246 (c)

F
Accelerati =—
ccelerationa = &

V2 = 2as

1 1

K.E.= =MV? = —M x 2as = Mas
2 2

—MXFX =FS

= M s =

Kinetic energy is independent of M

247 (b)
St I
ress =+ =
_EA
-2
For upward motion
EA
m(a+g)=F= -
_ EA
M= 2G+e
248 (b)
St _F_
ress =+ =3
P EA
“F==
For upward motion
EA
m(a+g)=F= -
~ EA
M= oG re
249 (b)
1
h = —gt?
28
2h
St= |—
8

~ Time is same for all

Acceleration is equal to g for all

p = mV, Since m is different, momentum p will be

different for all.

250 (b)

1
h = = gt?
78t

~ Time is same for all

Acceleration is equal to g for all

p = mV, Since m is different, momentum p will be
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251

252

253

254

255

different for all.

()

1 2 1 2 1 2
EmV + 0= Emvl +§mV2

V= [v2-v?

()

1 2 1 2 1 2
EmV + 0= Emvl +§mV2

V= [v2-v?

(d)
1
TE(ath) = EmV2 + mgh

Energy of the ball after collision

1 (1 V2 h)

Z Em + mg

As the ball rebounds to the same height

: h—1<1 VZ 4+ h)—1 V2+1 h
CmER = \gmY TmE)=gmy Ty me

3 1
g e =g
V? = 6gh

v =,/6gh

(d)
1
TE(ath) = EmV2 + mgh

Energy of the ball after collision

! (1 VZ 4+ h)

Z\om mg

As the ball rebounds to the same height

: h—1<1 V2 4+ h)—1 V2+1 h
s mg =3 m mg —8m 4mg

2
> h—1 V2
g Me = gh
V2 = 6gh
v =,/6gh
(b)

W;  mg

W, m@g-a 2

257

(@)

For collision between blocks A and B,

_VB—=VA _ VB—VA _ VB—Vpa
10-0 10

e =
up—up

vg-va =10e=10x0.5=5 (1)
From principle of momentum conservation,

maup + mgug = MpaVp + mgvpg

or m X 10+ 0 = mv + mvg
va+vg =10 ..(ii)

On adding Egs. (i) and (ii), we get
vg =7.5ms™! ..(iii)

Similarly, for collision between B and C,
ve—Vvg=75e=7.5%x05=3.75
ve —vg=3.75 ..(iv)

and vc+vg=75 (V)

On adding Egs. (iv) and (v), we get

2Ve = 11.25
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Ve = %25 =5.6ms™!
258 (a)
For collision between blocks A and B,

_VB_VA_ VB —Va _ VB —Va
10-0 10

e
up—ug

vg-va=10e=10%x05=5 (1)
From principle of momentum conservation,

mpauy + mgug = MuyVvy + MV

or mX 10+ 0 = mv, + mvg
va +vg =10 ..(ii)

On adding Egs. (i) and (ii), we get
vg = 7.5ms™! ..(iii)

Similarly, for collision between B and C,
vc—vg=75e=75%x05=3.75

..(iv)

Vg — VB= 3.75

and v¢c+vg=75 (V)

On adding Egs. (iv) and (v), we get

2Ve = 11.25

11.25 —
Ve =——=5.6ms 1

259 (d)
3

3
W=dex=f(2x2—X+4)dx
0 0

3 2 3 2
=18—-45+12=255]

x> x2 3 27 9
=2 ———+4x| =2.— —=+12

260 (d)
3 3
W=deX=f(2X2—X+4)dX
0 0

S S 3—227 112
17372 XO_'3 2

=18—-45+12=255]

261

262

263

(a)
Initial kinetic energy k; = > mu?
. — 2 _ 1 2

Final kinetic energy k, = 5 muj = Em(Zul)
=~ (4mu?)
= (4mu

. k k, = 3 2

Ky 1= Emu

Change in K. E. is work done

Work done
power p———— = 3mu?/2t
(a)
1
Initial kinetic energy k; = > mu?
1

Final kinetic energy k, = Emu% = Em(Zu%)

" 1 (4 2

=5 (4mu )
<k k, = 3 2
~ky —ky = omu

Change in K. E. is work done

Work done

power p = 3mu?/2t

(d)
For equilibrium of body, mg =2T cos 6

= T=—28
2cos 6

mg

For the string to be horizontal, 8 = 90°

m
T=—= _ST=0w
2 c0s90°

264 (d)

For equilibrium of body, mg =2T cos 6
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265

266

mg

For the string to be horizontal, 8 = 900

m
2.c0s90°

()
Initially the body is at rest and its momentum is
Zero.

=~ by law of conservation of linear momentum we
have

M1V1 + M2V2 =0

o M1V1 = _M2V2

The magnitude of their momenta in same.
p2

Kinetic energy is given by K = .

Where p = momentum

KoM
K, Mg
()

Initially the body is at rest and its momentum is
Zero.

=~ by law of conservation of linear momentum we
have

M]_Vl + Msz = 0
i M1V1 = _M2V2

The magnitude of their momenta in same.

2
Kinetic energy is given by K = f—m

Where p = momentum

K M,
K, M

267 (d)
The impulse is equals to change in linear
momentum. Change in momentum = m(v — u) =
0.2(— 6 — 6) = —2.4 N — s The negative sign
shows the direction of impulse is from batsman to
bowler.

268 (d)
The impulse is equals to change in linear
momentum. Change in momentum = m(v —u) =
0.2(— 6 — 6) = —2.4 N — s The negative sign
shows the direction of impulse is from batsman to
bowler.

269 (c)

In perfectly elastic collision between two bodies
of equal masses, velocities are exchanged. So,
after collision, particle A will move with 10 ms-

land particle B with 15 ms-L.

270 ()

In perfectly elastic collision between two bodies
of equal masses, velocities are exchanged. So,
after collision, particle A will move with 10 ms-

land particle B with 15 ms-1.

271 (a)

Change in momentum = nmu — (—mu) = 2nmu

2nmu

Rate of change of momentum = = num

272 (a)

Change in momentum = nmu — (—mu) = 2nmu

2nmu

Rate of change of momentum = = num

273 (b)

m; = 2kg,m, =4kg
Taking m, as origin, the centre of mass is given by

2x04+9%x4 36
*m =T oM

274 (b)
m; = 2kg,m, =4kg

Taking m, as origin, the centre of mass is given by

2x04+9x%x4 36
Ym=""%%z "6 °"

275 (a)
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276

277

278

279

280

Force F; and F, produce anticlockwise torques
while force F3 produce clockwise torque. The
torques in the two directions balance each other.
The perpendicular distance of the forces from the
centre is the same.

o Fll‘ + Fzr = R3r or F1 + Fz = F3

(@)

Force F; and F, produce anticlockwise torques
while force F5 produce clockwise torque. The
torques in the two directions balance each other.
The perpendicular distance of the forces from the
centre is the same.

o F11‘+ Fzr = Rgr or Fl + F2 = F3
()
W =49 N
_W_a9_
g 9g &
W =W-ma=49—-5x5=49—-25=24N
()
W =49 N
Lo W_9
"MTg Tog T 7

W =W-ma=49-5x5=49—-25=24N

(a)

Since the particle was initially at rest its
momentum was zero. Hence the net momentum
of the two fragments should be zero. Hence the
momentum of the two fragments must be equal to
in magnitude but opposite in direction.

2
P_ \where p is the
2m

. AR 1
Kinetic energy E = Emv2

momentum
2 —
or p = 2mE
: E; m,
Ifp is constant then m; E; = myE; or—~=—=
2 1

(a)

Since the particle was initially at rest its
momentum was zero. Hence the net momentum
of the two fragments should be zero. Hence the
momentum of the two fragments must be equal to
in magnitude but opposite in direction.

2
=2 Wwhere p is the
2m

L 1
Kinetic energy E = Emv2

momentum
2 _
or p = 2mE
. E; m,
If p is constant then m; E; = myE, or—==—=
E; my
281 (d)

Distance distributes in inverse ratio of masses.

_ mg _ 10 1_6
Hence, r. =d (mo+mc) =12010 (16 + 12)
=0.69x 107m
282 (d)

Distance distributes in inverse ratio of masses.

_ mg _ 10 L
Hence, rc =d (—mo+mc) -1z x 10 (16+ 12)
=0.69 x 107'%m
283 (a)
mV+ 0 =mV; + mV,
V=V, +V, ..(1
VZ=Vi+Vi ..(2)
Vi =V2-V}
V2 = \/\i\/lz
284 (a)
mV+ 0 =mV; + mV,
V=V, +V, ..(D
VZ=VZ+Vi ..(2)
Vi =V2-V;
285 (b)

Particle is initially at rest. Hence by law of
conservation of momentum

m1V1 + m2V2 = 0
S MV = —MpVy

Their momenta are equal and opposite.
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K E.(K) = p? 290 (a)
E.(K) = 2m By law of conservation of momentum

1 _

. . myvy + m,v, = myv, + m,v

« Ko« —;if P is constant 11 2¥2 172 2¥1
m

~(my —my)vy = (my —my)v,

B my
“Ez _ml SV =V,

286 (b) Y2y
Particle is initially at rest. Hence by law of Vi
conservation of momentum 291 (b)
mqVvq + mpv, = 0 mv = (M + m)V
S MpVy = —MyVy V= M+ mV

m
Their momenta are equal and opposite.

1
But (M + m)gh = 5 (M + m)V?

p2
K.E.(K) = om
~V=,/2gh
» K x ! ; if P is constant
m’ '_.V:<M+m)@
CE; my
“E, m, 292 (b)
mv =M+ m)V
287 (¢)
When two bodies of equal masses collide v = M+ mV
m

elastically, they exchange their velocities. Since
the two masses are exchanging their velocities, 1 )
their masses must be equal. But (M + m)gh = 2 M+ m)Vv

m
Hence,— =1 ~V=,2gh
my,

288 (c) fv= (M;m)Jz_g}l

When two bodies of equal masses collide

elastically, they exchange their velocities. Since 293 (a)

the two masses are exchanging their velocities, Let p; and p, be the momenta of A and B after
their masses must be equal. collision.
m
Hence,— = 1 U P2 P
mo = ® =
289 (a) Before collision At collision After collision

By law of conservation of momentum

Then, impulse = change in linear momentum of
m1V1 + m2V2 == m1V2 + m2V1 ’ p g

two particles
~ (my —my)vy = (my —my)v,

For B, J=p1
oo Vl = VZ ........................... (1)
W2y For A, J=p—-p2
Vi
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or

=p1—p2+]
p

P1— P2

Coefficient of restitution, e =

—1-p+t]_2
p p

-1
294 (a)

Let p; and p, be the momenta of A and B after
collision.

After collisi

Before collision At collision

Then, impulse = change in linear momentum of
two particles

5

f . .

12 7. | = i
e_12
COoS = 13
o= >
Sin 13

Y — component of the force F;, = Fsin6

P1
D
= 26x—==10N

bn 13
_ ) F, 10 )
~ Acceleration alongy — axis ay, = — = > 5m/s
298 (a)
¥
5
E . .
]2 L Ll
0 12
cos® = =
ine = —
sin 13

Y — component of the force F;, = Fsin©

5
=26x-==10N

13
» Acceleration al isa, =2 = 05 mye?
<o Acceleration along 'y aX1say—m— 2 m/s

299 (d)
According to the question, we can draw the
following diagram

For B, J=p1
........................... ()
For A, J=p—p>
........................... (ii)
or p2=p-J
........................... (iii)
Coefficient of restitution, e = 21— P2 = P1 _52 *
_l-ptl Ay
P p
295 (d)
Work done by the force is equal to gain in kinetic
energy.
1 1
K E. = Emv2 = EX 5% (20)% = 1000]
296 (d)
Work done by the force is equal to gain in kinetic
energy.
1 1
K.E.= Emv2 = EX 5% (20)% = 1000]
297 (a)
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300

301

2pJ

%

-«
€

-3pJ

Now, the magnitude of momentum of the third
partis given by

ps = (D) + (p2)?

= V(=3p)* + (2p)?

= /9p? + 4p? = /13p?

p3 =V13p

(d)

According to the question, we can draw the

following diagram

2p]
AP

%

-«
£

-3pJ

Now, the magnitude of momentum of the third
partis given by

ps = /(p%) + (p2)?

= V(=3p)* + (2p)”

=/9p? + 4p? = {/13p?

ps =V13p
(b)
N i
(12, 2)
Ilm lm
(0, 0) (1,0)
my 1 m ms

m;x; + myX, + msaXsz
Xem =

m; + m, + mg
m1=m2=m3
1x0+1x1+§x1 15 1

SR ST+ 3
:m1y1+m2y2+m3y3

Yem m; + m, + m;
_1x0+1x0+1xv3/2
B 14141
_ 1 _(1 1)
V3 \2'2y3

302 (c)

\f’i;i
m= 2\/_kg,

V3
F, = 1cos30° =7N

V3
F,=—N
27 2

o F1+F2:\/§N

303 (c)

m= 2\/§kg,

V3
F, = 1cos30° =7N

V3
F2=7N
-'-F1+F2=\/§N
F V3 1
a=—=——=-=0.5m/s?
m 23 2

304 (d)
Work done = Change in KE

3V?m _ s (1 2)
5—=3(5mv
305 (d)

Work done = Change in KE

—-VQ) =

— 1 (4v2
= Zm

3VZm _ s (1 2)
5—=3(5mv
306 (b)

Given, F = (21 + 3] + 4k)N

__VZ) —

— 1 (4V2
= Zm

We know that W = F's
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Here,s =r¢-ri= (i + 2] + 3Kk) - (21 + 3j + 4k)

W= (21+3j+4k) - (-1-7-k)
=-2-3-4=-9]

307 (b)
Given, F = (2i + 3] + 4k)N

We know that W = F-s

Here,s =r¢-ri= (i + 2] + 3Kk) - (21 + 3] + 4k)

W=(2i+3]+4k)- (-i-j-k)
=-2-3-4=-9]

308 (a)
Work done = Area between the graph and
position axis

W=10x1+20x1-20Xx1+10x1=20erg

309 (a)
Work done = Area between the graph and
position axis

W=10x1+20x1-20x1+10x1=20erg

310 (c)
20kg ———
— JA

R 3m

~20x3=xx%x30

~20x3=x%x30

-'.X=%=2m

312 (a)
In x - direction,m X 50 -m X 40 = m X 0 + mvy

= vx = 10 cms-?
In y- direction, mX 0 =m X 30 =m X 0 + mvy
= vy =30 cms!

313 (a)
In x - direction,m X 50 -m X 40 = m X 0 + mvy

= vx = 10 cms?
In y- direction, mX 0 =m X 30 =m X 0 + mvy
= vy =30 cms!

314 (c)
2

- p
Kinet k=—
inetic energy >m

Where p is the momentum
~ p? = 2mkor p = V2mk
. p o« +y/m

Hence bodies having greater mass will have
greater momentum. Hence p and Q will have
greater momentum compared to R.

315 (c)
2

- p
Kinet k=—
inetic energy >m

Where p is the momentum
«~ p? = 2mkor p = V2mk
S p X \/IE

Hence bodies having greater mass will have
greater momentum. Hence p and Q will have
greater momentum compared to R.

316 (b)
2
p
E=-—mv:=—
2™ T om

~p? xm

p < v/m

~ heavy body has greater momentum.
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317

318

319

320

321

322

(b)

E= Emv2 = %

. p?am

p < Vm

=~ heavy body has greater momentum.
(d)

Total upward force =2 (%) = mg.

(weight of man is balance by total tension acting
upwards)

Total downward force is also mg.
Fret = 0 = apet

(d)
Total upward force =2 (%) = mg.

(weight of man is balance by total tension acting
upwards)

Total downward force is also mg.
Fret = 0 = apet
(d)

Gravitational potential energy gained by the ball
= Elastic potential energy in the spring

h=oF
mgh = — Fx
b= Fx 5x%0.2 _5
T omg 2x25x103x10
(d)

Gravitational potential energy gained by the ball
= Elastic potential energy in the spring

1
mgh = EFX

Fx 5x0.2

h = = =2
2mg  2x25x103x10 ™

()
Stress X area= M(g + a)

2

d
SXHZ=M(g+a)

& = 4M(g + a)
Sm

1/2

4M(g + a)
=

323 (c)

Stress X area= M(g + a)

d2
SXHZ=M(g+a)

£ - 4M(g + a)
Sm

1/2

4M(g + a)
.

324 (a)

T sin 30° = w = 40N

T sin 5300 L1110 010117
; 30°

---------- T cos 30°

lW—4ON

§=400rT=80N

325 (a)

T sin 30° = w = 40N

T sin 530O 1171000000117
‘ 30°

lW40N

§=400rT=80N

328 (b)

Initial momentum P, = mV
=20 x 1073 kg x 200 m/s

Final momentum = 0
Change in momentum = 4 kg m/s

Impulse = change in momentum = 4 kg m/s

Page]93



329

330

331

332

333

Impulse  4Ns

(@)

Force = =200N

time

(b)
Initial momentum P, = mV
=20x 1073 kg X 200 m/s
Final momentum = 0
Change in momentum = 4 kg m/s

Impulse = change in momentum = 4 kg m/s

Impulse  4Ns

Force = = 200N
time 1
(55)s
(d)
°= |n
h
~e?=—orh; =e?h

h

similarly,h, = e?h; = e*h

(d)
= n
h
ne? = f orh,; = e?h

similarly, h, = e?h, = e*h

(d)
F=t+2t%

ma = ti + 2t%]

dv—tA+2t2A
mdt_ 1 ]

(d)
F=t+2t%

ma = ti + 2t%]

dv R
m— = ti + 2t

dt
_t2A+2t3A
mv—21 3]
t2  2t3
V_Zm1 3m]
PPy t3 +4t5
YT om T 3m

334 ()
Since gravitational field is conservative type,
SO W1 = Wz = W3

335 (o)
Since gravitational field is conservative type,
SO W1 = Wz = W3

336 (a)
mlvl - mzvz - 0
m,V.
oo VZ = — 171
m;
337 (a)
m1V1 - m2V2 - 0
m,V
S V2 = — 1711
mj
338 (a)
T, = (M; + My)a
Tl - Mla
T M
T, M;+M,
339 (a)
TZ = (Ml + Mz)a
T1 == Mla
L M
T, M;+M,
340 (a)
Torque, T = dL

dt

where, L = angular momentum.

If T=0, then
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dL _

en pr 0
i.e L = constant
341 (a)
T _d
orque, T = —

where, L = angular momentum.

If =0, then

dL
en Pl 0
ie L = constant
342 (o)

F = —5i — 7j + 3k
S = 3i—2j + ak

14 =-15+14+3a
a=—=5

343 (c)
F=—5i—7j + 3k
S = 3i—2j + ak
14 = —15+ 14 + 3a

_15_
a= 7 =

344 (b)
h; =2m,e =0.4

e = hl
M
hy
hz = ezhl

=(0.4)2x2=0.16x2=08m

345 (b)
h; =2m,e =04

e= h,

cez=l2
hy
o hz = ezhl

= (04)2x2=016%x2=08m

346 (b)
By law of conservation of momentum
MV = M
= > Vo
oo V0 = ZV

347 (b)
By law of conservation of momentum

MV—M
_ZVO

o VO = 2V

348 ()
If x; and x, are distances from centre of mass,
then we have

m1X1 — m2X2
~my(x—d) =my(x; —d)

o m1X1 - mld = m2X - mzd,

o mld = mzd,
m
d'=—d
m;
349 (c)

If x; and x, are distances from centre of mass,
then we have

mi;X; = MpX;
~my(x—d) =my(x; —d')

s myX; —myd = myx — myd’

o mld == mzd,
m
d'=—1d
mj
350 (b)

For centre of mass we have m;x; = m,x,
If x; decreases x, should also decrease.

smy(xg —d) =my(x; —d)
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<. m1X1 - mld’ = m2X2 - mzd

’ , My
~myd =m,d ord' =—d
my

351 (b)
For centre of mass we have m;x; = m,x,
If x; decreases x, should also decrease.
smy(xg —d) =my(x; —d)
s~ myxy —myd’ = myx, — m,d

m;
~myd =m,d ord =—d
m,

352 (c)

Since the collision is elastic, the ball rebound with
the same velocity.

-~ Change in momentum= 2mun, time 2s

Force = Rate of change of momentum

2mun

= = mun
2

353 (c)

Since the collision is elastic, the ball rebound with
the same velocity.

-~ Change in momentum= 2mun, time 2s

Force = Rate of change of momentum

2mun

= = mun
2

354

355

357

358

359

Given, force, F=10+ 0.5x =10 + %x

Let during small displacement, the work done by
the force is dW = Fdx.

So, work done during displacement from from x =
Otox=2mis

W=["dw = [’Fdx =
2 1
fo (10 + EX) dx

2

=[10x+§]0=20+2§—0—

0=21]

(c)
Given, force, F=104+ 0.5x =10 + %X

Let during small displacement, the work done by
the force is dW = Fdx.

So, work done during displacement from from x =
Otox=2mis

W= ["dw = [ Fdx =
2 1
Js (10 + EX) dx

2

=[10x+§]0=20+2;—0—

0=21]

(a)

F=m(a+g)
d2

Tt
SXT=m(a+g)

_4m(a+g)
- STt

d2

1/2

<4m(a + g))

TS

(a)
F=m(a+g)

1.[2
SXT=m(a+g)

_4m(a+g)
B ST

d2
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1/2

<4m(a + g))

TS

360 (d)

361

The body is initially at rest and hence its
momentum is zero. By law of conservation of
momentum its total momentum after explosion
should also be zero.

The two fragments of mass m are at right angles
to each other. Each has momentum p = mv. The
resultant momentum of these will be

P’ = mvcos 45° + mvcos 45°

1
= 2mvcos45° = 2mv— = V2 mv
V2
(The sine components are equal and opposite and
get cancelled)

The momentum of the third fragment will be
equal and opposite to P’

. 2mVy = V2mV

\'

V2

The total kinetic energy
. ¥
=5mv” +omv® +-X2m

()

1 3
= mv? +§mv2 & Emv2

A

(d)

The body is initially at rest and hence its
momentum is zero. By law of conservation of
momentum its total momentum after explosion
should also be zero.

The two fragments of mass m are at right angles
to each other. Each has momentum p = mv. The
resultant momentum of these will be

P’ = mvcos 45°% + mvcos 45°

1
= 2mvcos 45° = 2mv— = V2 mv
V2

(The sine components are equal and opposite and
get cancelled)

364

365

370

371

372

The momentum of the third fragment will be
equal and opposite to P’

= 2mVy = V2mV
. V j— V
Vo=
The total kinetic energy
vt Tz ixo
=5mv"+omvS 45X 2m
V2
(%)
V2
1 3
= mv? +Emv2 = Emv2
()
Velocity of the second sphere is given by
2m1u1 mz - ml
Vy, = Uy
m; +m, m;+m,

Here,m; = M,m, = m,u; =u,u, =0
_ 2Mu  2u
V= M+m 1+4+m/M

(a)

Velocity of the second sphere is given by

Zmlul m2 - ml

m; +m,

\¥) U;

m; + m,’
Here,m; = M,m, = m,u; =u,u, =0

_2Mu  2u
V_M+m_1+m/M

()
Force = rate of change of momentum=
Nmu— Nmu = ZNmu

()
Force = rate of change of momentum=
Nmu— Nmu = ZNmu

(d)

Centre of mass of complete disc should lie at point

0. Cyis the position of centre of mass of remaining
portion and C; the position of mass of the
removed disc.

~ X (Area of remaining portion) =

% (Area of removed disc)
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373 (d)
Centre of mass of complete disc should lie at point
0. C1is the position of centre of mass of remaining
portion and C; the position of mass of the
removed disc.

~ X (Area of remaining portion) =

g (Area of removed disc)

2

nRZ] _R [T[RZ
= 4

x[T[RZ—T

o |m

374 (d)

Given, mass, m = 6 kg

velocity, v=v;-vi=5-3=2ms1

-~ Momentum,p=mv=6 X 2=12N-s
375 (d)

Given, mass, m = 6 kg

velocity,v=v;-vi=5-3 =2 ms1

~ Momentum,p=mv=6 X 2=12N-s
376 (a)

Apparent weight W' = m(g + a)

m143)w(1+3

377 (a)
Apparent weight W' = m(g + a)

(1) w(s+

(a)

Here, mass, m =5 kg

Change in velocity, Av = vt -vi=[(10 - 2)1 + (6 -
6)j]

~ Change in momentum = mAv = 5[81] = 401 kg-
ms-?

(a)

Here, mass, m =5 kg

Change in velocity, Av = vt =vi= [(10 - 2)1 + (6 -
6)j]

-~ Change in momentum = mAv = 5[81] = 401 kg-
ms-1

(b)

h=20m,e=04m

378

379

380

~v2=04+2gh=2x10x20

~v=2%x10=20

~u=ev=04x%x20=8m/s

(b)
h=20m,e =0.4m

381

2v2=0+2gh=2x10x 20
2v=2x10=20

u
e=-—

~u=ev=04x%x20=8m/s

382 (a)
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myg — T, = mya,

ng - 2T1 = mzaz

Total work done by tension should be zero.

Tixq —Tx; =0
or Tix1 =Tx,
or Tix1 = 2T)%,
or X1 = 2X,
or d?x, _ 2d%x,
dt, dt2
a; =2a,

After solving Egs. (i). (iii) and (iv), we get

m
a, = 28

- 4m4+m,

383 (a)

Total work done by tension should be zero.

T1X1 - T2X2 = 0

or T1X1 = T2X2
or T1X1 = 2T2X2
or X1 = 2X,
d2x 2d?%x
or — = =
dt, dt?
a; =2a,
................................. (iv)

After solving Egs. (i). (iii) and (iv), we get

. mpg

dy =
4m1+m2

384 (a)
Change in momentum = Impulse = Ap = F X At
= A= =12 055
F 250

385 (a)
Change in momentum = Impulse = Ap = F X At

N A= =125 5
F 250
386 (d)

F = (1 + 2t3)N

. - ﬁ 1 a 24 m
- accelerationa = — = — (t1 + 2t%))
m m S
L dv
a=—
dt
dv=3a=dt

1 t2A+2t3A
“m\2' "3

387 (d)
F = (i + 2t%)N
- accelerationa =

_1 (t“+2t2“)m
T m ! J s2

2| =
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o
<!
I
1)
I
o
(s

388 (b)
F = —Fk
P(1,-1)
F=i-j

i)k

T=rxF=[1 =1 o

0 0 -F

= Fi—j(-F) = F(i +1)

389 (b)
F = —Fk
P(1,-1)
F=i—j

T=rxF=[1 =1 o

0 0 -F

=F1—j(-F) =F0+j)

390 (c)
Torque,7=rxF=[(0-3)1+(2-0)j+
(0 — 0)k] x[201]

391 (c)
Torque,7=rxF=[(0-3)1+(2-0)j+
(0 — 0)k] x[201]

392 (o)
Let u; be the initial velocity of ‘m” and its velocity
after collision v; = 0. For mass ‘m’ initial
velocity u, = 0. By law of conservation of

momentum
m Vs
M u

Vo=V V2

coefficient of restitution = £

U —uz U

393 ()
Let u; be the initial velocity of ‘m’ and its velocity
after collision v; = 0. For mass ‘m’ initial
velocity u, = 0. By law of conservation of

momentum
m v,
M u

Vo=V _Vp

coefficient of restitution = =

Uy —u; Uy

394 (c)
As rods are uniform, therefore centre of mass of
both rods will be at their geometrical centres. The
coordinates of CM of first rod C; are

G, o) and second rods C, are (0,L)

AY
C, 2M
(o,L)
CM
M
O » X
L
6 (3.9)
B M(g) +2M0) 1,
XCMT™ T miam 6
and yey = M(0) +2MM) _ 2L

M +2M 3
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Hence, coordinates of CM are (%, 23—L
395 (¢)
V2 —Vp
e =
u; — U,

396 (c)
Vo —V;

U; — Uz

mu=2mXyvV

__u
.V—2
-—0 1
2
u—0 2

397 (d)

T —mg =ma
~T=m(g+a)
T
‘ li‘l
mg
398 (d)
T —mg =ma
~T=m(g+a)
T
‘ l=.1
mg
399 ()

Theory question

400 (c)
Theory question

401 (c)

)

Force = 30 kgwt =30 X 9.8 = 294 N

Displacement S =20 m
1
W = FScos 60° = 294 x 20 ><§= 2940]

402 (d)
The effective acceleration due to gravity due to
gravity is the resultant of a and g.

i

g0
L
i
a
tan@ = -
g
~a=gtan0
403 (d)

The effective acceleration due to gravity due to
gravity is the resultant of d and g.

i

i
x e

=]

405 (c)

406 (d)
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_ myp—mq 2m1
V2 = (Goprm, ) V2 V1
2t my m; + mj

As,vi =0
E: (m2+m1) — (m+2m) - _3
A% m,— my m-—2m

K'2 A\
407 (d)
vo = (i) ve () v
As,v; =0
7= () = () = -3
E—Z:(Z—Z)Z =9o0r9:1
408 (b)

For centre of mass we have m;x; = m;X,
If x; decreases x, should also decrease.

. — !

smy(xy —d) =my(x; —d)

s mlxl - mld = m2X2 - mzd,

’ , Mg
~my;d=m,d or d =—d
m;

409 (b)
For centre of mass we have m;x; = m,x,

If x; decreases x, should also decrease.
~my(x; —d) = my(x; —d)

<. m1X1 - mld = m2X2 V- mzd,

' p_
~myd =m,d" or d'=—d

m;
410 (d)
As, here in figure below, 0C; = i m
Cz ‘\
N
,/’450 \\\\
A Y
(6] C,

1

OC =0C;cos 450 = S m
411 (d)
As, here in figure below, 0C; = % m
C, 0
N
,/’450 \\\\
A Y
(0) C,
1
OC =0C;cos 450 = NG m
412 (d)

W, = 620 N,W, = 340 N
W; =m(g+a) ..(0)
W, =m(g—a) ..(ii)

W, 620 g+a
"W, 340 g-a

31 g+a
17 g-a

7

Solving:a = —
olving: a 24g

Putting this value in Eq. (i) and solving we
getmg = 480 N

413 (d)
W, = 620 N,W, = 340 N

W, =m(g+a) ..()

W, =m(g—a) ..(ii)

W, 620 g+a
"W, 340 g-a

31 g+a
h 17_g—a

Solving:a = —
olving: a 24g

Putting this value in Eq. (i) and solving we
getmg = 480 N

414 (d)

F1
‘t=F><lcos60°=§
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" F=—
1

415 (d)
Fl
T=Fxlcos60°=7

W F=—

|

416 (a)
F,=1Nr; =12mF, =02m

Torque should be same in the two cases.

ST = F1r1 = Fzrz

_ph_ix12_ o
27,702 T

417 (a)
F,=1N,r; =1.2m,F, =0.2m

Torque should be same in the two cases.

~1T=Fr; =Fr

r1_1><1.2_6N
r, 02

~F,=F

418 (d)
Coefficient of restitution is given by

e= h,

o hz == ezhl
h3 = ezhz = e4h1 = e4h

419 (d)
Coefficient of restitution is given by

e= h,

o h2 - ezhl
h3 = ezhz = e4h1 = e4h

420 (b)
KE is constantly increasing

1. 5 . .
Lomve = constantly increasing

v? = constantly increasing
~ acceleration = constant and positive
-~ force is constant and greater than zero.

421 (c)
Potential energy of the spring = kinetic energy of
the ball

422 (c)
Potential energy of the spring = kinetic energy of
the ball

423 (a)
N=10*m=1g=10"3kg A=1cm?

m
=10"*m? v = 100;
Change in momentum in each collision=

m[v—v) =2 mv

~. change in momentum per second = 10* x 2mv
=10*x2x 1073 x 100

= 2000 N
P —F—2000—2x107N z
ressure = - = 107 = /m
424 (a)

N=10*m=1g=10"3kg A=1cm?

m
=10"*m?v= 100?

Change in momentum in each collision=
m[v—v) = 2 mv
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~. change in momentum per second = 10* x 2mv
=10*x2x 1073 x 100

= 2000 N
P —F—2000—2x107N z
ressure = A 107 /m
425 (c)
T sin 30° = 2 kg - wt
\ Tsin30°
T
2 kg-wt
T =4kg-wt
= T, = Tcos30° = 4cos30° = 2v/3 kg — wt
426 (c)
T sin 30° = 2 kg - wt
A Tsin30°
T
30
T cos 300----==-- - >
T,
2 kg-wt
T =4 kg-wt
= T, = Tcos30° = 4 cos30° = 2v/3 kg — wt
427 (d)
2 2
Kinetic energy = Zp_n111 = Zp_niz
Pi_my
p; my
Py

ad= | o fa/T=2

P, m;

428 (d)

2 2
Kinetic energy = 2P_1 = 2p_2
my m;

pi_m
p; my
P my
n== |—=,4/1=2
P, m, /
429 ()

Given,u= (31 + 4)ms tand v= —(31 + 4))ms ™!
Mass of the ball =150 g = 0.15kg
Ap = Change in momentum

= Final momentum - Initial
momentum

= mv-mu

=m (v-u) = (0.15)[- (31 + 4) -
(31 + 4))]

= (0.15)[-61- 8j) |=-[ 0.15 x 61
+ 0.15 x8j)]
=-(091+ 1.2j)

Hence,Ap =-(0.91+ 1.29)

430 ()
Given,u= (31 + 4)ms tand v= —(31 + 4))ms ™!

Mass of the ball =150 g =0.15kg
Ap = Change in momentum

= Final momentum - Initial
momentum

= mv-mu

=m (v-u) = (0.15)[- (31 + 4j) -
(314 4]

= (0.15)[-61 - 8]) ]= -[ 0.15 x 61
+0.15 x8))]

=-(0.91+ 1.2j)

Hence,Ap =-(0.91+ 1.29)
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431 (b)
Work done,
+a
W= [""Fdy = —+ 2 =282 4 2Ca
—a L
432 (b)
Work done,
+a
W= [ Fdy _[—+— cy| = . =282 4 2Ca

433 (d)
It is a perfectly inelastic collision and hence there
is aloss of kinetic energy, but momentum is
conserved.

434 (d)
It is a perfectly inelastic collision and hence there
is aloss of kinetic energy, but momentum is

conserved.
435 (a)
Torque of the force, T =r X F
i 7 k
tT=|7 3 1|=(141-38j+
-3 1 5
16k)
436 (a)
Torque of the force,T =r X F
i 7 k
t=|7 3 1|=(141-387+
-3 1 5
16k)
437 (a)

Given, force, F= (21 + 3j) N
Displacement, ds =(dx1+ dyj) dzk

Workdone, W= [F.ds= [(2dx+ 3dy)

Also, 3y +kx _5:>3Oly k=0

= 3dy=-kdx=> W= [(2dx —
kdx) =0
= 2x=kx => k=2

438 (a)

439

440

441

442

Given, force, F= (21 + 3j) N

Displacement, ds =(dx 1+ dyj) dzk

Workdone, W= [F.ds= [(2dx + 3dy)
3dy

Also, 3y+kx—5:> +k=0

= 3dy=-kdx=> W= [(2dx—

kdx) =0

= 2x=kx=>k=2

(9

Work done, W Area under the F - x graph
= Area of trapezium =% X(4+2) x5

15]

()
Work done, W Area under the F - x graph

= Area of trapezium =% X(@4+2) x5

15]

(d)
When the ball is released u = 0

V=gt =2g
After bouncing let u’ be the initial velocity.

Final velocity is zero, t, = 1s

O == u’ - th
su' =gt =g
- o u g
Coefficient of restitutionv =—=—= 0.5
V 2g
(d)

When the ball is released u = 0
v=gt =28
After bouncing let u’ be the initial velocity.

Final velocity is zero, t, = 1s

0=u —gt,
~u' =gt =g
. . u g
Coefficient of restitutionv =—=— = 0.5
vV 2g
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443 (c)
m; = 1.6 kg; (x4 y;) = (0,0)
m, =2kg;(x2,y2) = (1.2,0)
m3 = 2.4 kg; (x3,y3) = (0,1)
-~ Coordinates of centre of mass will be
_ myXq +mpX; +mgXxs _ (1.6)(0) + (2)(1.2)+ (2.4)(0)
XM~ T vmytms 16+2+24
Xcm = 0.4 m
and you = myy;+ Mpy, + mays _ (1.6)(0)+(2)(0)+(24)(1)
m1+ m2+m3 1.6+2+24
Yem = 0.4 m
Coordinates of centre of mass = (0.4, 0.4)
m.
444 (c)
m; = 1.6 kg; (x4 y;) = (0,0)
m, =2kg; (x2,y2) = (1.2,0)
ms = 2.4 kg, (X3, Y3) = (0,1)
-~ Coordinates of centre of mass will be
_ myXq +mpX; +maxz _ (1.6)(0) + (2)(1.2)+ (2.4)(0)
XM= = imyrm, 1.6 +2 +2.4
XcMm = 0.4 m
and yom = m;y;+ Mpys + M3ys (1.6)(0)+(2)(0)+(2.4)(1)
m;+ m, + mg3 16+2+24
yem= 0.4 m
Coordinates of centre of mass = (0.4, 0.4)
m.
447 (b)

From first equation of motion,
v=u+at = 20=0+ax10
= 20=ax10=> a=2m/s?

. 1
Now, distance, s = ut + 3 at?

= s=0+§x2x10x10

448

449

or s=100m

- Work done, W = F. s = mass (* F=ma)
=50 %2 x100=10%]

(b)

From first equation of motion,
v=u+at = 20=0+ax10
= 20=ax10=> a=2m/s?

. 1
Now, distance, s = ut + 3 at2

= s=0+§x2x10x10

or s=100m

~ Work done, W = F. s = mass (* F=ma)

=50x2x100=10%]

(b)

2GM
Ve = |
V = nv,

Initial kinetic energy,

KE—1 2
.—Emv
1 2GM
=—XmX——Xn
2 R
K _GMm ) )
.= R n

Change in potential energy,

GMm GMm
PE=——+———
R R+h
P.E.= GM h 2
T mL«R+m]”()

Equating (1) and (2)

. GMm

.n? = GMm [ﬁ]

~n*(R+h)=h
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Solving for h we get:

3 n’R
T 1-—n?
450 (b)
1GMm
KE==
2 r
Ky _r, 3R+R 4
"K, r;, 3R+R 3
454 (b)

Even though the distribution of mass is unknown
or non-uniform but we can find the potential due
to ring on any axial point because from any axial

point the entire mass is at the same distance

(whatever would be the nature of distribution).
GM

V2R
GM

VSR
dU:Uf—Ui:UB—UA’ :mo(VB—VA)

Potential at A due to ringis V4 =

Potential at B due to ringis Vz = —

_ GMm, 1 + 1]
R V5 V2
Wgr = —Wext = Wgr =—dU = —Wext
W _dU_GMmO[l 1]
* ext R '\/E \/g
455 (a)
GmM GM
=R METR
456 (b)
$=0°%g =g—Rw?cos?p =0
~w=./g/R=1410/(6400 x 103) = 1/800
457 (b)

Earth and all other planets move around the sun
under the effect of gravitational force. This force
always acts along the line joining the centre of the
planet and the sun and is directed towards the

sun.
AA L

— = — = a constant vector
At 2m

Therefore, Kepler's second law is the consequence
of the principle of conservation of angular

momentum (L).

_dL
L

=0
Now, 7 = la

~la=0

Ora=0
Orar=ra=20
i.e.,, Tangential acceleration is zero.

459 (a)
Earth has the maximum speed in the equatorial
region. To take advantage of its, the launch station
should be in the equatorial region.

460 (d)
, GMm
mro® = —
r
GM
2 _
ro” = I‘_Z
, GM GM_ R* R
== — X — = —_—
w?  RZ w? w?
RZo\ /3
= ()
2
461 (c)
In the problem, orbital radius is increased by 1%
3/2

Time period of satellite T « r
Percentage change in time period

% (% change in orbital radius)

3

462 (c)
E = Energy of satellite at altitude of 7R - Energy
of satellite on surface of earth

(0520 = g8)

463 (b)
To calculate the force of attraction on the point
mass m, we should calculate the force due to the
solid sphere and mass m and subtract the force
which the mass of the hollow sphere would have
exerted on m.

[+x=R/4,x+y=R/2]
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464

465

467

468

, 4 _(R\3
and M'=3x(5) p=7
GMm  Gm(M/8) 14GmM

T R/M? T (R/4)? R?

M

o F

()
Only statement (a) is correct. The corrected form
of restis as

When a satellite is moving in an elliptical orbit, it's
angular momentum (= r X p) about the centre of
earth does not change its direction. The linear
momentum (=mv) does not remain constant as
velocity of satellite is not constant. The total
mechanical energy of S is constant at all locations.

(b)
According to the law of conservation of energy,
(Total energy) surface =

( Total energy )(max height)
= (KE + PE)surface = (KE + PE)maxheight

1 2+< GMm) +( GMm)
= — —_— ] = —_—
2™ R R+h
. 1 1 [2GM
Given, v =-vy == /—
2 2 R
1 1 2GM GMm_ GMm
2™ 3 "R R R+h
1G6GMm GMm GMm
= — — = —
4 R R R+h
-3 1
25 —=——
4R R+h
R
ﬁR—3h=0$h=§
(a)
rM:1.525rE
2 M _ 1525
T'g

Thn\ > 3
<_M) - (r_B) — (1.525)3
Tg I'g
~ T = Tg x (1.525)3
= (1)?(1.525)3
= Ty = (1.525)3/2
= 1.883 years
(@)
If body is projected with velocity v(v < v, ) then
R

Z
Ve_
(5-1)

height up to which it will rise, h =

V= Vz—e (Given)

470

472

473

474

477

479

()
r'=2r ....|Given]
Now, F « riz
N vl 1 _ 1 I
~F oc(zr)z_m::»F =2
=~ Force is reduced to one-fourth
(@)

AR, 4X (%)2 x (3.84 x 108)
T2 [27.3 X 24 x 60 x 60]2
~ 0.0027 ms ™2
Hence, centripetal acceleration of the moon due to
earth's gravity is much smaller than the value of
acceleration due to gravity g on the surface of the
earth.

a

(d)
Binding energy of satellite is
Casel BE; = Glzwrm

where, r is the radius of orbit.
GM GM
Casell BE, = =

3r —

— 3r
GM 1 1 GM
+ AE = BE, — BE, =" (3~ 1) =
% increase in energy of a satellite
GMm 2
_ GM _ —
= Trmx 100 = gx 100 = 33.33%
2r
(b)

Gmim,

A. GPE of the system = — -
B. Gravitational potential due to m, at a distance r

—-Gmy

Vi(r) =

C. Gravitational potential due to m, at a distance r

Gm,

Vo(r) = —

Hence,4 » 2,B > 3and(C - 1
(b)

ry, = Zrl'Tl = 1 years
Now, T? o r3

=) =10) =)
R ) =1z =g/ year
(©

The binding energy of the body is given by
GM;M  GM;M 3GM1M+ 3GM,M
. =

I 2r r 2r

3 3
_ 3GM M,

1‘|'2

3/2

B.E.=
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481

482

484

485

If V is the velocity given to the body, then

Loye 2 3GMp M
2 e

6G M, 2
V= [r<M1 2)]
(d)

A person is safe, if his velocity while reaching the
surface of the planet from a height h ' is equal to
his velocity while falling from height h on the
earth. So,

J2g'h" = ,/2gh
b= _ggx> 15
196 ™M
(b)
If mass m is placed atgd from M;, then potential

energy of the mass is

GMim GM;m 3GM;m
U=- - = — —3GM,m/d

G G *

If it is given velocity V so that it escapes to infinity
then

1 2 3GM1m 3GM2m _
> mv >4 R
1 3GM;m 3GM,;m
I 2 _ i 2
2™ T T d
6GM; 6GM, 6G /M
2 1 2 1
= = — | — M
N )
-[7 ()
d\2 2
(d)
Gravitational potential V; = —g
~ 667 x107' x 100
b 0.1
o 6.67 x 107° 667 x 10-8
- o1 J
Vt = 0

= Work done per unit mass,

W =av = (V
(0

If r is the radius of the orbit of the satellite and w
is the angular velocity which is same as the
angular velocity of the earth about its axis then
we have

—-V;)=6.67x1078]

mrw? =
2
2
, GM gR
r3 r3
2
.3 _8R
- r 2
W

AT = (gRZ/w2)1/3

487 (c)
o= 8
(1+)
g g

R CES)

(o)

1 h 4 ' 3=>h=3R
R —_—= > — = =
+R R =3

488 (d)

=16

,  2GM
Vo= R

GM
and vy = —

NOW 1n’lvz = _U2 + Ul = Ul -
GMm GMm
R T

. _’2 2
- v = v — 205

At oo

U,
489 (a)

U,

1 412 1
mcoZRoc—=>m< >R0<—=>T20cRn+1

RM T? R

o T R(HTH)

490 (d)
fGM ngz
and v, = rw

This gives r3
491 (c)

According to question, for the given system of

particles,
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B ——
€«<— X ——>p
Let at point P, gravitational field is zero, so

Gm G X9m 1 9
_—— S =
x? (r—x)? x2 (r—x)>2

3\/(7'—96)2 :\/9x2
=>r—x=3x
T

> X =—
S

Gravitational potential at this point is given by
46m G X9IMmx4 3r
(R (o

> 9m

3r 4
B <4Gm + 126m) _ (16Gm)
494 (b)
. o 8R® _ 20%x20
Given, g, =9 = (R+R/20)2 ~ 21x21
_9x21x21 -2
0rg == x20
B _d\ _ 9x21x21(.  R/20
Now,g; =g (1 R) ~ 20%20 (1 R )
=95ms2
495 (c)

Ve = V2 v.. Clearly, if v, becomes 36%, v, will
also become 36%

/ 36 -1 9 -1
Ve =——X112kms ™+ = > X 11.2km s

~ 100
496 (c)
Im _ Mm  (Re)?
Here,g—e = X (Rm)
U oayz = 16 16
= — = — = —

Given, vy = \/2ggR, ~ 11.2kms™?

16 1
Um =/ 2gmRm = \/2 xﬁge X ZRe

2 2 -
= 5 /deRe = 6>< 11.2 = 2.5kms
497 (b)

p2 =2p, Ry =R,
g x pR = g; x p;R; and g, x p;R;

R 1 1
&:&X—lz_xlz_
g2 p2 Ry 2 2
~ gy =2x%9.8=19.6m/s?
498 (b)
Fep =Fg
mVZ_GMm
r  r
GM
v= |—
r
_ZTEI'
Ty

499 (d)

_ GM
8T R+h)2

\' R+ h)?2
VI ®en?

‘g R+h

_h_|V| R_5.4><107
g 6.0

— 6.4 % 10°
=9.0x10° — 6.4 x 10°
= 2.6 X 10° = 2600 km

500 (d)
g’ =g— w?Rcos?A, A =60°

1
-'-0=1—u)2><6400><103><z

1074
D2 —
AR
1072
= =
®TT
s~ w=25x10"3%rad/s
501 (a)
g =§anrorg ocr (iffr<R)
g="3 or g (ifr>R)
Ifry <Randr, < R thenZ=2=0
F, g2 12
502 (a)
Weight of the body at the surface of the earth,
w=mg=45N
e = g = s o=
Using ¢ =————=>mg'=—— |h=—
R T
R 2R
) 45 4x45 ' )
w' = — — ww' =mg
1\2 9
(1+3)
503 (c)
At a height
b= R
2

The potential energy is P. E.
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GMm

2GMm
R+2
2

3R

Initial K. E. is zero.

When it hits the surface, it has kinetic and
potential energy

"> total energy is conserved.

1, GMm  2GMm
2™ TR TR
1 ., GMm 2GMm 1GMm
2™ TR T3 R 3R
2Gm
VZi=-—o
3R
Ve 2GM 1 |2Gm _V,
3R 3, R \3
504 (b)
’GM
Angular momentum = mvr = m Tr = mVGMr
= m(GMr)/2
505 (b)
T = 3m 3x3.14 _
= [Gp Je6Tx101ix8x10° °
~ 4200 s
506 (b)
The given situation can be drawn as
< r >
Ml [ L ]

<«—713____ 3203 ——>

The gravitational potential at P is

GM, GM,
Vp=—|\—7 t—=
3 3
_ —3G(2M; + M)
N 2r

The work done to escape the mass M to infinity is
W =MWV, —Vp)

_ 3GM(2M, + M)
N 2r

As, work done is equal to kinetic energy of mass

1 _ 3GM(2M, + M)

= = Mv}
2"Ve 2r

Vg = [T 2M; + Mz)] or v,

B 6G<M +M2)]1/2
lr 1 2

509 (d)
The total energy of an artificial satellite moving in
a circular orbit at some height around the earth
is Ey. Its potential energy is 2E,.

510 (d)
m;m
F=G 12 2
r
Fr?
oo G =
m;m,
. . Nm?
~ Units of G is a2
512 (c)
PE = 2TE
514 (b)
. 2Gm
Escape velocity V, = =

-~ Energy required to escape from earth’s
gravitational influence

1 V2 1 2GM  GMm
= — = — x —_—

2 e MY TRTTR
- K.E. of profection = 1 GMm
* K.E.of projection = > —

GMm
P.E.on earth’s surface = — TR
= Total energy on earth’s surface
B GMm+1GMm_ 1 GMm
R 2 R 2 R

Total energy at the maximum height

_ GMm

R+h
. GMm_lGMm
" R+h 2 R
~R+h=2R
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516

520

523

525

526

528

(9
According to Kepler's third law, T? « r3
or
52 « 13
and
(T)? o (47)° ....... (i)
From Egs. (i) and (ii), we get

25 r3 /1800
(T’)Z 1600 = 40h
(b)
Among the following options, option (b), i.e.
revolution of the earth around the sun is the best
evidence to show that there must be a force acting
on earth directed towards the sun.

. ()

o 3=>T’

(b)
GM? Mv? GM
———=——or—=v?
2R? R TR
1M
VTR
(@)
Mp = 2M,
Dp = 2D,
GMp _ GMe ge
ORI T RO 2
Tp = Zn\/: / =2 x 211\/:
=V2x2=2V2s
(C)
5g g — Rw?
Rw? 3
w* = —_—g = —
g Sg Sg
28
L2 48
" TER
.o |28
@7 [5R
(d)
We have g’ = g — rw?cos?0

Atequator8 =0
* ge = 8 — Ro?

Atpole 8 = 90°

“8p =8
"‘gp_gesz2
530 (a)
MPZZME,DPZZDEﬁRPZZRE
TEZZS
_GMg _ GMp
8 = RE »8p = R%
Mp (Rg
= X — X
~ 8p = 8E My (RP>
1\’ ge g
Cgxax(l) 2B LB,
EE 2 2 g
Now,Tocﬁ
8E
.'.TP:TEX _:TE\/EZZ\/Z
gp
531 (b)

532

533

534

Only statement (b) is correct, the corrected form
of rest are as,

Orbital speed, v, = /g so speed of satellite

decreases with the increase in the radius of its
orbit.

We need more than one satellite for global
communication.

For stable orbit, its plane must pass through the
centre of earth.

(a)

Relation for the orbital velocity is
GM,

Vo = |

_ \/6.66 x 10711 x 6 x 1024

3.84 x 108

Vo =1x103ms™! = 1kms™!
(b)
gh (R + h)2
g R
e 1

g 00
R 1
"R+h 10
~h=9R =9 %6400 = 57600 km
(b)
Potential energy, u = Gll:m

- _GM _GM _

At distance 2r, g = @ wE o amr

Now, weight,
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w=mg=E

535 (d)
Inside a shell, gravitational field strength is zero.
Therefore, gravitational force on a particle is zero.
536 (a)
GM
On earth’s surface g = o

AT a height nR above earth’s surface

, GM _ GM
8 T R+nR)?2 " R(1 +n)?
28 = 1+

537 (d)

Angular momentum L = mVR

Where m is the mass of the earth and V its orbital
velocity

V =

Where M is mass of the sun

/GM
~L=mX ?xR=m\/GmR

~ LR
538 (d)
Since the object in the space capsule is in a state
of weightlessness (Or zero gravity), the reading of
the spring balance will be zero.
539 (o)
Angular momentum L = mvR
Buty — GM
utv = o
’GM
~ Lo R
540 (¢)

Since v, = V2 v, = 1.414 v,
Additional velocity = v, — v, = v.(v2 — 1)
=v.(1414-1)

=1x0.414
= 0.414 km/s

541 (b)
Actually gravitational force provides the
centripetal force. Therefore, the net force on the
satellite will be F.

542 (b)

=s(1-3)
g =g(1-3

Ao am()s
544 (d)

At a height h (<<R), the acceleration due to
gravity is given by

;L (1 2h>
&= R
g—g 2h
g R
g—g 2X%x32x100
o X peenn—— )
100 5400 1%
545 (d)

p = density, R = radius of planet

B 4m?

T? = R3
GM
M= : R3
4m?R3 3 3m
T2 = —_— =
G 4mR3p pG
~ T =,31/pG
546 (c)
GM .
Fe="7-=50N ..(i)
GMm’ s
e = 4—1;: =F ..(ii)
=~ Dividing equation (ii) by (i) we get
F m'" 200

50 4m 4x5
~F=10x50=500N
547 (d)

V_1 2GM
“ 3. R

TEatsurface = TEat heighth

GMm+1
R va

GMm
2=———+0

R+h
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548

551

556

557

GMm+1 1><2GM— GMm
R 2™9" "R T R+n
(1 1)GMm_ GMm
9 R ~ R+h
8GMm_ GMm
9 R  R+h
81 1
9R R+h
— 8R + 8h = 9R
8h = R
.h_R
“h=g
(@)
GM , GM' Gx4M
=R 8 "R TR %

W =mg'h=4mgh=4x5x10 X2

= 400]
(a)
1, GMm GMm GMm GMm
?ml:_R+h_<_ R): R R+h
1 1
= Mg - g
~u? = 2GM [l——
R R+h
W = 2gR? [R+h—R
R(R + h)
u? = 2gR [L]
R+h
u? h
2gR EIﬂ
R+h 2gR
o
Rt1=
R 2gR 2gR —u?
h w2 u?
Ru?
7 2gR — u?
(b)

If it is so, then the centrifugal force would exceed
the force of attraction or we can say that
gravitational force won'’t be able to keep the
satellite in circular motion

(d)
Gmamg  mpra4m®  mprgém’
(rA + rB)Z - T‘g - TBZ

= Mmpal'py = Mg

559 (c)

Weight of the body at equator

= g of initial weight

gl = gg (because mass remains constant)
g’ =g— w?Rcos? P

3
T8=8 w?R cos?(0°)

2g
L2 55
" T R
|28 _ 2x10
"®F I5RT |5 x 6400 x 103

=162.5x10"8 = 7.9 x 10~*rad/s

(9

Total energy on the surface of the earth
1 GMm

&y 2 _
M R

560

) ) GMm
Total energy at maximum height = — ——

R+h
GMm

" R+h
GM

Putting GM = gR?, we get

2 2
Vi R
2 R+h
VZ —2gR gR?

2 R+h
2gR—-V?  gR?
"2 R+h
2gR-VZ 1
" 2gRZ R+h

2gR?
2R — V2

2gR? RV?2
_QR—W_R_Z%—VZ

561 (d)

Ve & \/p = vy < \[psand v, « \[p

P1
P2

~R+h=

Vi
\¥)

562 (b)

-5(1-3)
84 =8 R
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564

566

since g4 = gn

1 d_1 2h
R R
-d_z
=
(d)
GM G3TR3p
AN A
T2 1 1
= 4Tl [— XX —
g VR
Tp, 2R
—L = | —=+/2
Tp, R V2
Tp, > Tp,
Ts, _ k2:1
Ts, kq
(+F=kx
mg = kx
k
g=—=constant
X m
* Tpp will be double of Ty,

’k ’ F [mg \/@
“w= |—= |—= |— = |== constant
m Xm Xm X

S g X X)

(o)

Energy required to escape the earth’s
gravitational field is

1

E mVez

Energy given to the body is

1 2
= E m(3Ve)

= EmVez

~ If V is the velocity of the body when it has
escaped from earth’s gravitational field then

1 9 1
EmVZ = Emvg —EmVeZ

1
hS EmVZ = 4mVeZ

- V2 =8Vv?
V = 2v2V,
568 (b)
_GM G4R3 .
g—R2 R2.3T[ P = 31'[p
Lgup
572 (d)
l6g g 16
'=16% o= —2=o2 =
g =16%e=150="% =100
R2 16 R+h 5
= = = —
(R+h)2 "~ 100 R 2
-h—3:>h—3><6300—9450k
"RT271'72 - m
573 (c)
GMm
F=mg=81= Rz
. GMm
:rng:—2
(R+3)
2
—4GMm—4x81—36N
"9 RZ 9 -
575 (d)

The acceleration due to gravity at a depth h below

the surface of the earth is given by

=s(1-3)
g=g(l-3

2 =L then o = (1 1)—g
R 2 N8 TE(1T3)T3

576 (b)

Total energy, is zero at infinity. The force acting is
attractive, hence the total energy is negative.

577 (d)
_ Gmym,

r2
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_Gmim,; F
BEH

~ 9% decreasein F’' = (

!

F-F/
F

)100

= g X 100 = 89%
578 (a)
Critical velocity of a satellite is independent of
mass of a satellite
579 (a)
We know that, F « m;m,
~Fo (xm) X (1 —x)m =xm?(1 —x)

. dF
For maximum force, — =0

dx
dF
w—=m?-2xm? =0
dx
1
=>x==
=2
580 (a)

Angular momentum L = mVr

/GM /GM
=1m T.I’ V= T :\/GMI’I‘IZF

581 (d)
GM , GM’
= R2’8 TR
g M R? y 1
g M'RZ 77152 15

—=-orl =g—.1
g 8 g
I’ L x1=0.67
BRI
582 (c)
_G><m><m
(2R)?
2
o(4ni)
T 4R2
4
=§n2p2R4
~ FuxR*
583 (c)

On earth, v, = /ZGTM = 11.2km/s

586

Onmoon v.. = |2GMx4 _ 2 [2GM
»'m ™\ 81xR ~ 94 R
2

=3 X 11.2 =2.5km/s
(b)

(i) Gravitational force on the particle placed at
mid-point D of side BC of length a is
F = F1 + FZ + F3

A

Here, F, = —F;
= F2 + F3 = 0
o F:F1+0:F1
GMM GM? 4GM?
or F=F, = (AD)2 ~ (3a%2/4)  3a?

(ii) The given situation is shown below. Mass m is
placed at the centre (O) of equilateral triangle.

A

Resolving all the forces F;, F, and F5 in vertical
direction.

F; — F,c0s60° — F3c0s60° =

F, F;
SF ——=——==
1 2 2
F,+F
:>F1= 22 3

Since, OA = OB = OC
Hence, |F;| = |F,| = |F3| =F

F F+F
= = —
2
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= F=F

[from Eq. (i)] Hence, resultant force of F, and F;
is equal to F; in magnitude but direction is
opposite. So, net force on the mass m at centre (0)
will be zero.

587 (a)

1. According to Kepler's law, T2 o< 13

T? = kr3

Differentiating it, we have 2TAT = 3kr24Ar
Dividing Eq. (ii) by Eq. (i), we get
2TAT  3kr?Ar

T2 — kr3

3 Ar
> AT ==T—
T

2
594 (d)

Ve =3V,

597 (c)
GM
8=®e
_ 4mR® X Gp
3 R2
3g
4mRG

4
and M =§T[R3 X p

oo p =
598 (b)

=s(1-3)
g=g(l-3

g' = 0.6g

~06=1 d
. 0.6 = R

=1-06=04=
= 6= =
~d==R
od=
599 (d)

For circular motion of planet

Gravitational force = Centripetal force

= mRw?

603 ()
Acceleration due to gravity is given by

, GM GM GM GM g
g =

T " (R+h)? (2R)2 4RZ 4

604 (a)
pr_ 2Ry 1
p, 3'R, 2
g x pR = g; x p;R; and g; « pR;
8 p1_ R 21 1
L= ==x

82 P2

605 (d)

Period of the satellite depends on the radius of the

Ry

— X — =
3 2 3

orbit and not on the mass of satellite

T2 13
Ty 3
=== =(2)3=8
T2 13 @
T,
—=+8=2V2
T,

608 (d)

Mass m is the quantity of matter contained in a
body which is constant everywhere. Wright,
however, is the force experienced by a body and is
given by mg.

609 (c)
Angular momentum of the satellite L = mvr
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) Gm
Puttingv = -

We get

L =+ GMm?r

(b)
R 2

Rm =" Pm = 3P
Energy spent = mg.h, = mg,h,,
“hy = gehe/gm
(% nRepeG) X he

TR mPmG

Re  pe
s~ h,, =—XxX—
™R

m pm
(d)
The weight of a body will become equal to zero. If
the centrifugal acceleration becomes equal to
acceleration due to gravity.

sz=gor(o2=§or(o=\/g

R R
2m R 6400 x 103
T=—=2n|—=2%x314 |————
w g 10

610

o hy =

3 4
Xhe =2 x7x 05 =3m

612

2 X 3.14 x 800
= 2x 3.14 x 800 second = Whour
=14h
613 (b)
Kinetic and potential energies vary with position
of earth w.r.t. sun. Angular momentum remains
constant everywhere
614 (b)
P.E; =0
GmM
P. E2 =< —W
~ Change in P.E. = GmM [% - ﬁ = G;n—RM
Gm mR 1
=g T7meR
617 (d)
g R? R\?> 1
g R)?Z 0) =3
.. _8
618 (b)

The period or frequency of revolution of a

satellite does not depend on its mass. Hence it is
same for both.

620 (a)
R 2
& = <R+h)
when g’ = —then,
g x( R )2:>1_ R
4~ 87 \R+n 2 R+h

~2R=R+h=R=h

621 (a)
Angular momentum,
AA L
622 (b)
GMr

Forr<R,I=F:>Io<r
Forr=R,I=%=>Io<i2

R R
Forr>R,I=%:,»Io<i2

T T
So, the variation of I with r is correctly shown in
option (b).
(o)

GM GM
K ey
Vi

vi | R R 1
“v, JR+h JR+7R 22

v
Vi, = m
624 (d)
The minimum velocity with which a body is
projected in the atmosphere, so as to enable it to
just overcome the gravitational pull, is known as
escape velocity.

623

1 1
Initial KE = Emv2 =5 m(4 x 11.2)2

1
=16 X Emve2 (where v, = 11.2kms™1)

As, %mve2 energy is used up in coming out from
the gravitational pull of the earth, so final KE
should be 15 x %mvez.

Hence,%mv’2 =15x %mvez
=>v'? = 1512
or v’ =/15vy
= V15 x 11.2kms™!
626 (c)
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U = Loss in gravitational energy

= gain in K.E.
So,U=lmv2 =>m=¥
2 A
627 ()
T? « r3
T o r3/2
629 (d)
Total energy of the planet remains constant.
When it moves close to the sun, its potential
energy decreases and kinetic energy increases.
Hence it will have maximum kinetic energy at C.
630 (b)
GM
B= R
_gR? 9.8 x(6x10°)?
G 667x10°11
9.8 X 36
= ———=10% = 25.89 x 10%*k
6.67 8
M =~ 5.3 X 10%*kg
631 ()
_|2GM | |2GM
“J R T [R+n
AsR+h>R=>v, > v,
632 (d)
Gnhnu ’ Gnhnh F 4
F=——"andF Gy~ % decrease in
F = (") x 100 = 2 x 100 = 88.8% = 89%
Thus, attraction force between sun and earth will
decrease by 89%.
633 (d)
Pp = Zpe'gp = 8e
g= —anR
Rp _
—_—= =(1) x )
2=@)()=0xG
-R, R _ R
2 2
634 (b)
- _d
1. Atdepth,g' =g (1 R)
g 1 d n—1
& ——=(1-g)=d=R(*—)
g n R n
635 (d)

New acceleration due to gravity g’ is given by
g =g - Rypw?cos? A
0 =10—6.4 X 10°w?cos? 60°
10
T 64X 106(0.5)?
=2.5x103rads™?

= w?

636 (b)
Surface area of Q is four times, therefore radius of
Q is two times, volume is eight times and mass of
Q is also eight times.
So,letMp =MandRp =7
Then, My, = 8M and R = 2r
Now, mass of R is (MP + MQ) or 9M, therefore

radius of R is (9)/3r. Now, escape velocity from
the surface of a planet is given by

’ GM
= |2 - (r radius of that planet)

ZG(8M) q
(2 ) and vg
2G(9M)
(9)1/37-
From here, we can see that, -& = and Vg > Vg >
vQ 2
Up.
637 (a)

-d_
"R n
_n—1
"~ n
Rn—-1
~d= ( )
n
638 (c)
GM
v= |[—

v is independent of mass of the satellite

Vi Iz

=21, >V, >V
\&) ry

Orbital speed of satellite does not depend upon
the mass of the satellite

639 (a)
Vi 2g1Rq
— = = Jkik
Va 2g;R; 1
640 (b)
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641

642

The energy of artificial satellite at the surface of
the earth,

GMm

R

When the satellite is intended to move in a
circular orbit of radius 7R, then energy of artificial
satellite,

Ey

1GMm

27 2 7R

The minimum energy required,

GMm 1/GMm
E=b-B=-—p+5(5r)
_ —14GMm+ GMm _ —13GMm
B 14R ~ 14R
(0
Asg = i—t’, if R decreases then g increases. Taking

logarithm of both the sides, we get
logg =1logG +logM — 2log R

Differentiating it, we get

49 _ g4 24R _
9

-2 4 .
—=-2 ( ) = — . % increase
R 100

100

ing =% -4 —

ing =~ X 100 = - =x 100 = 4%

(b)

Minimum value of kinetic energy required to

escape from the gravitational influence of the
earth is given by

GMm
k. =

¢ R
=~ The kinetic energy of projection is

_ GMm

~ 2R

At the highest point the kinetic energy become
ZEero.

Loss of kinetic energy = Gain in potential energy

GMm _ GMm GMm

2R R R+h
11 1
“"2R R R+h

1 1 1 1

"R+h R 2R 2R

~R+h=2R

~h=2R-R=R

643 (a)
Ty =8Tg
- < thi 4 _r
Using Kepler’s third law, ey
B B
(8Tg)* _ (ra)®

(r—A>3 =4)3> I sor ray = 4rg

I'g I'p

644 (d)
The potential energy of the mass m at the mid-
point is given by

B GM.m B GM,,;m
G G

2GM,m 2GM,,m
D D

P.E.=

2Gm
- T (Me + Mm)

If V is the velocity given to it, then kinetic energy

K.E.= = mv?

2

To escape to infinity, the total energy should
become zero.

1, 2Gm

o my? === (Me + Mpp) = 0
1, 2Gm

Emv = T(Me + Mm)

) 4G
SVE = F(Me + Mm)

’G
av=2 B(Me + Mm)

646 (a)
g =g—w’rcosA=g—w’r [A=0]

3 — 2

Sg_g wr

2rog Sg=lg=2x10=14

@rTEETE8TEE TN T
4 4

w?=-

~ T 6400 x 1000

2
w=———"
8 x 100 x V10
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1 10V10

=-x
© = 2710000

=791x10"*¢/S

647 (c)

2GM
Ve= | =¢

p o 26M _ 2x667x 107! x 5.98 x 10*

cz (3 x 108)2
2 X 6.67 X 5.98 s
= 5 X 10™°m
=886%x10"3m~ 10"%m
648 (c)

gm _ G(M/8R%) _ RZ
L. As, ge  GM/RZ ~ 8R%
Given, 28m — 1 8m _ 1
’ mge 6 ge 6

From Egs. (i) and (ii), we get
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