GRAVITATION

1. Halley’s comet has a period of 76, had distance of closest approach to the sun equal to 8.9 x 10'%m. the
comet’s farthest distance from the sun if the mass of sun is 2 x 103 kg and G = 6.67 x 10'! in MKS units
is

a) 2 x 102m b) 2.7 x 103m ) 5.3 x 10¥?m d) 5.3 x 102m
2. Average density of the earth

a) does not depend on g b) is a complex function of g

c) is directly proportional to g d) is inversely proportional g

3. Let g be the acceleration due to gravity at earth’s surface and K be the rotational kinetic energy of the
earth. Suppose the earth’s radius decreases by 2% keeping all other quantities same, then

a) g decreases by 2% and K decreases by 4% b) g decreases by 4% and K increases by 2%

¢) g increases by 4% and K increases by 4% d) g decreases by 4% and K increases by 4%

4.  Abody is taken to a height of nR from the surface of the earth. The ratio of the acceleration due to gravity
on the surface to that at the altitude is

a) (n+1)>2 b) (n+1)72 ) (n+ 1)1 d)(n+1)

5. Infinite number of masses, each 1 kg, are placed along the x-axisat x = £1m, £2m, £4m, +8m, £16m ....
The magnitude of the resultant gravitational potential in terms of gravitational constant ¢ at the origin

(x=20)is

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

In the above problem, the ratio of the time duration of his jump on the moon to that of his jump on the
earth is

a)l:6 b)6:1 c)vVe:1 d1:+e

7. The escape velocity from the earth is 11 kms ™. The escape velocity from a planet having twice the radius
and same mean density as that of earth is

a) 5.5 kms™1 b) 11 kms™? c) 22 kms™! d) None of these
8. The escape velocity of a planet having mass 6 times and radius 2 times as that of earth is
a) V3, b) 3V, ) V2V, d) 2V,
9, Kepler discovered
a) Laws of motion b) Laws of rotational motion
c) Laws of planetary motion d) Laws of curvilinear motion
10. In the solar system, which is conserved
a) Total Energy b) K.E. c) Angular Velocity d) Linear Momentum
11. A small satellite is revolving near earth’s surface. Its orbital velocity will be nearly
a) 8 km/sec b) 11.2 km/sec c) 4 km/sec d) 6 km/sec

12. The ratio of the radius of the earth to that of the moon is 10. The ratio of acceleration due to gravity on the
earth and on the moon is 6. The ratio of the escape velocity from the earth’s surface to that from the moon
is

a) 10 b) 6 c) Nearly 8 d) 1.66

13. A massm is placed ata point B in the gravitational field of mass M. When the mass m is brought from B to
near point 4, its gravitational potential energy will

a) Remain unchanged b) Increase c) Decrease d) Become zero
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14. The centripetal force acting 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 c) F\2 d)2F

15. The largest and the shortest distance of the earth from the sun are r; and 3, its distance from the sun

when it is at the perpendicular to the major axis of the orbit drawn from the sun
) n+n "2 2ri1y ntn
R ——n

4 b]"1+?’z CT1+?’2 9 3
16. The escape velocity for a body of mass 1 kg from the earth’s surface is 11.2 kms™'. The escape velocity for
a body of mass 100 kg would be
a) 11.2 x 10%kms™* b) 112 kms™? c) 11.2 kms™? d) 11.2 x 10 2kms?
17. The relay satellite transmits the T.V. programme continuously from one part 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 rotation 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 rotation of the earth about its axis
18. A man weighs 80 kg on earth surface. The height above ground where he will weigh 40kg, is (radius of

earth is 6400 km)

a) 0.31 timesr b) 0.41 times r c) 0.51 timesr d) 0.61 times r
19. Atwhat temperature, the hydrogen molecule will escape from earth’s surface?

a) 10' K b) 10% K ¢) 10°K d) 10* K

20. An earth satellite of mass m revolves in a circular orbit of a height A from the surface of the earth. R is the
radius of the earth and g is acceleration due to gravity at the surface of the earth. The velocity of the
satellite in the orbitis given by

2 R 2
ki b) gR B a4 |98
R+h R+h R+h
21. For a satellite moving in an orbit around the earth, the ratio of kinetic energy to potential energy is
a) 2 1 1
b) = c) —= d) v2
)3 ) 7 ) V2

22. Insome region, the gravitational field is zero. The gravitational potential in this region
a) Must be variable b) Must be constant ¢) Cannot be zero d) Must be zero

23. The ratio of the radii of planets A and B is k; and ratio of acceleration due to gravity on them is k5. The
ratio of escape velocities from them will be

’k
a} klkZ b] 1|"k1k2 C) k_: d] k_
: 1

24. Two identical satellites are at R and 7R away from earth surface, the wrong statement is (R =Radius of

earth)

a) Ratio of total energy will be y

b) Ratio of kinetic energies will be y

c) Ratio of potential energies will be y

d) Ratio of total energy will be ¥ but ratio of potential and kinetic energy will be z
25. The tidal waves in the sea are primarily due to

a) The gravitational effect of the moon on the earth

b) The gravitational effect of the sun on the earth

c) The gravitational effect of venus on the earth

d) The atmospheric effect of the earth itself
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26. A satellite moves in elliptical orbit about a planet. The maximum and minimum velocities of satellites are
3x10*ms~'and 1 x 10®ms™! respectively. What is the minimum distance of satellite from planet, if
maximum distance is 4 x 10* km?

a) 4 x 10% km b) 3 x 10* km c) 4/3 x 10° km d) 1 x 10® km

27. Two small and heavy spheres, each of mass M, are placed a distance r apart on a horizontal surface. The

gravitational potential at the mid-point on the line joining the centre of the spheres is

a) Zero i ﬂ £ 2GM - 4GM
T r r
28. The orbital speed of Jupiter is
a) Greater than the orbital speed of earth b) Less than the orbital speed of earth
¢) Equal to the orbital speed of earth d) Zero

29. A satellite is launched into a circular orbit of radius 'R’ around earth while a second satellite is launched
into an orbit of radius 1.02 R. The percentage difference in the time periods of the two satellites is

a) 0.7 b) 1.0 ¢) 1.5 d)3
30. Gravitational mass is proportional to gravitational
a) Field b) Force c) Intensity d) All of these

31. A satellite moves round the earth in a circular orbit of radius R making 1 rev/day. A second satellite
moving in a circular orbit, moves round the earth ones in 8 days. The radius of the orbit of the second
satellite is
a)8 R b)4 R c)2R d) R

32. The diameters of two planets are in the ratio 4:1 and their mean densities in the ratio 1:2. The acceleration
due to gravity on the planets will be in ratio
a)l:2 b)2:3 c)2:1 d)4:1

33. If M is the mass of the earth and R its radius, the ratio of the gravitational acceleration and the
gravitational constant is

2
a) % b) % c) MR*? d) %

34. Venus looks brighter than other planets because
a) It is heavier than other planets b) It has higher density than other planets
c) It is closer to the earth than other planets d) It has no atmosphere

35. There are two bodies of masses 100,000 kg and 1000 kg separated by a distance of 1 m. At what distance
(in metre) from the smaller body, the intensity of gravitational field will be zero?

a)1/9 b) 1/10 c) 1/11 d) 10/11
36. Force of gravity is least of

a) The equator b) The poles

c) A point in between equator and any pole d) None of these

37. The period of a planet around sun is 27 times that of earth. The ratio of radius of planet's orbit to the
radius of earth’s orbit is

a) 4 b) 9 c) 64 d) 27
38. Anobject weighs 72 N on earth. Its weight at a height of R/2 from earth is
a)32N b) 56 N c) 72N d) Zero

39. The acceleration due to gravity becomes (%)

(g = acceleration due to gravity on the surface of the earth) at a height equal to
R R
a) 4R b)— c) 2R d)—
) )3 ) )3

40. Imagine a light plant revolving around a very massive star in circular orbit of radius r with a period of
revolution T. If the gravitational force of attraction between the planet and the star is proportional to
/2 Then the correct relation is
a) TZ o 15/2 b) T2 « r7/2 c) T & r3/2 d) T2 « r7/2

41. A spherically symmetric gravitational system of particles has a mass density
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p= {pg forr <R
Oforr> R
where p, is a constant. A test mass can undergo circular motion under the influence of the gravitational

field of particles. Its speed v as a function of distance r(0 < r < @) from the centre of the system is
represented by

v

b)

d)

I
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1
1
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r r

R R

42, Aspherical planet for out in space has a mass M, and diameter Dy, A particle of mass m falling freely new
the surface of this planet will experience an acceleration due to gravity which is equal to
a) GMy /D& b) 4mGM,/D; c) 4GM,/D§ d) GmM,/D;

43. Two bodies of masses 2kg and 8kg are separated by a distance of 9 m. the point where the resultant
gravitational field intensity is zero is at a distance of
a) 4.5 m from each mass b) 6 m from 2 kg c) 6m from 8 kg d) 2.5 m from 2 kg

44. Suppose the law of gravitational attraction suddenly changes and becomes an inverse cube law i.e. F «
1/73, but still remaining a central force. Then
a) Keplers law of areas still holds
b) Keplers law of period still holds
c) Keplers law of areas and period still hold
d) Neither the law of areas, nor the law of period still holds

45. There are two planets. The ratio of radius of the two planets is K but ratio of acceleration due to gravity of
both planets is g. What will be the ratio of their escape velocity
a) (Kg)/* b) (Kg) /2 c) (Kg)* d) (Kg)~

46. The period of revolution of planet 4 around the sun is 8 times that B. The distance of a from the sun is how
many times greater than that of B from the sun?
a)2 b) 3 c) 4 d) 5

47. What would be the velocity of earth due to rotation about its own axis so that the weight at equator
become 3/5 of initial value. Radius of earth on equator is 6400 km
a) 7.4 x 10~ *rad/sec b) 6.7 x 10~*rad/sec c) 7.8 x 10~*rad/sec d) 8.7 x 10~ *rad/sec

48. The period of a satellite in a circular orbit of radius R is T, the period of another satellite in a circular orbit
of radius 4R is
a) 4T b) T /4 c) 8T d)T/8

49. The escape velocity for a body projected vertically upwards from the surface of the earth is 11.2 kms™. If
the body is projected in a direction making an angle of 45° with the vertical, the escape velocity will be
a) 11.2 kms™? b) 11.2 x V2 kms ™! ¢) 11.2 x 2kms™?! d) 11.2/+2 kms ™!

50. A body is at rest on the surface of the earth. Which of the following statement is correct?
a) No force is acting on the body
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b) Only weight of the body acts on it
c) Net downward force is equal to the net upward force
d) None of the above statement is correct

51. If orbital velocity of planet is given by v = G* MP?R€, then
a)a=1/3,b=1/3,c=-1/3 bla=1/2b=1/2,c=-1/2
ca=1/2b=-1/2,c=1/2 d)a=1/2,b=-1/2,c =-1/2

52. The escape velocity of a body on the earth’s surface is v,. A body is thrown up with a speed V5 v,.
Assuming that the sun and planets do not influence the motion of the bady, velocity of the body at infinite
distance is
a) Zero b) v, <) VZv, d) 2,

53. A point mass is placed inside a thin spherical shell of radius R and mass M at a distance R/2 from the
centre of the shell. The gravitational force exerted by the shell on the point mass is

GM GM c) Zero GM
a) — b) —— d) —
) 2R? ) 2R? ) 4R?
54. A solid sphere is of density p and radius R. The gravitational field at a distance r from the centre of the
sphere, wherer < R, is
2 % 3 4nGpr
a) pnGR b) 4nlipr 0 4nGpR d) p
r 3 3r?

55. Three or two planets. The ratio of radius of the two planets is K but ratio of acceleration due to gravity of
both planets is g. What will be the ratio of their escape velocity?
a) (Kg)'/? b) (Kg)~'/? c) (Kg)? d) (Kg)™?
56. Out of the following, the only correct statement about satellites is
a) A satellite cannot move in a stable orbit in a plane passing through the earth’s centre
b) Geostationary satellites are launched in the equatorial plane
c) We can use just one geostationary satellite for global communication around the globe
d) The speed of satellite increases with an increase in the radius of its orbit
57. Ifaplanet consists of a satellite whose mass and radius were both half that of the earth, the acceleration
due to gravity at its surface would be (g on earth = 9.8 m/sec?)

a) 4.9m/sec? b) 8.9m/sec? c) 19.6m/sec? d) 29.4m/sec?
58. The escape velocity of a particle of mass m varias as
a) m? b) m c) m® dym!

59. The mass of diameter of a planet are twice those of earth. The period of oscillation of pendulum on this
planet will be (if it is a second’s pendulum on earth)

1
a)—s b) 2+/2 c) 2s d)—
} "JE ] '\/_ 5 ) ] 2 5
60. A planet revolves around the sun in an elliptical orbit. The linear speed of the planet will be maximum at
D
A4—Xg C
B
a) b b) B c) 4 d) C

61. The time period T of the moon of planet Mars (mass M,,,) is related to its orbital radius R(G =
Gravitational constant) as
4w’ R3 b) T2 = 4m?GR? & T = 2nR3G
GMp, M, My,
62. 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 of the radius of the orbit of a geostationary satellite will be

a)T? = d) T2 = 4xM,,GR®
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a) Rg/w b) R?w?/g ¢) Rg/w? d) R?*g/w?
63. The escape velocity from the earth is 11 kms™'. The escape velocity from a planet having twice the radius
and the same mean density as the earth would be
a) 5.5 kms™! b) 11 kms™! ¢) 15.5 kms™! d) 22 kms™!
64. If the Earth losses its gravity, then for a body
a) Weight becomes zero, but not the mass b) Mass becomes zero, but not the weight
c) Both mass and weight become zero d) Neither mass nor weight become zero

65. A body of mass 500 g is thrown upward with a velocity 20ms ™! and reaches back to the surface of a planet
after 20 s. Then the weight of the body on that planet is

a)2N b) 4 N c)5N d)1N
66. Hubble's law states that the velocity with which milky ways is moving away from the earth is proportional
to

a) Square of the distance of the milky way from the earth
b) Distance of milky way from the earth
c) Mass of the milky way
d) Product of the mass of the milky way and its distance from the earth
67. Which of the following statements is correct in respect of a geostationary satellite
a) It moves in a plane containing the Greenwich meridian
b) It moves in a plane perpendicular to the celestial equatorial plane
c) lts height above the earth’s surface is about the same as the radius of the earth
d) Its height above the earth’s surface is about six times the radius of the earth
68. A planet moves around the sun. At a given point P, it is closest from the sun at a distance d; and has a
speed v;. At another point , when it is farthest from the sun at a distance d;, its speed will be
divy b) ds1 0 dyvg a) dv,
d; d; &2
69. Two equal mass m and m are hung from balance whose scale pans differ in vertical height by h. Calculate
the error in weighing. If any, in terms of density of earth p.

2 8 8 4
a) Ei‘rpR3Gm b]ETrmeh c) EnpR3Gm d]ganmzh
70. To an astronaut in a spaceship, the sky appears

a) Black b) White c) Green d) Blue
71. If pis the density of the planet, the time period of nearby satellite is given by

4 47 3n T
a) ﬁ h) G_p c) G_p d) G—p

72. Two planets of radii in the ratio 2:3 are made from the material of density in the ratio 3:2. Then, the ratio
of acceleration due to gravityi at the surface of the two planets will be
a) 1 b) 2.25 c) 4/9 d) 0.12

73. A planet has twice the radius but the mean density is-}th as comparsed to earth.What

is the ratio of escape velacity from earth to that from the planet?
a) 3:1 b) 1:2 ) 1:1 d) 2:1
74. The ratio i, where g and g, are the accelerations due to gravity at the surface of the

earth and at a height h above the earth'’s surface respectively, is
2

N 2
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75. Orbital velocity of an artificial does not depend upon

a) Mass of the earth b) Mass of the satellite
c) Radius of the earth d) Acceleration due to gravity
76. Which is constant for a satellite in orbit
a) Velocity b) Angular momentum  c¢) Potential energy d) Acceleration

77. An object weighs 10N at the north-pole of the earth. In a geostationary satellite distance 7R from the
centre of earth (of radius R) what will be its true weight?

a) 3N b)5N c)2N d)0.2N
78. Escape velocity on the earth
a) Is less than that on the moon b) Depends upon the mass of the body
¢) Depends upon the direction of projection d) Depends upon the height from which it is
projected

79. The acceleration of a body due to the attraction of the earth (radius R) at a distance 2R from the surface of
the earth is (g = acceleration due to gravity at the surface of the earth)

a) 5 b)3 oF d) g
80. The mass of the moon is 1/8 of the earth but the gravitational pull is 1/6 of the earth. It is due to the fact
that
a) Moon is the satellite of the earth b) The radius of the earth is 8.6 the moon
¢) The radius of the earth is ,/8/6 of the moon d) The radius of the moon is 6/8 of the earth

81. The angular velocity of rotation of star (of mass M and radius R) at which the matter start to escape from
its equator will be

2 l26m 26M /ch
a) [2GM ) |2 Q) |2 a [2°R
R g R M

82. A synchronous satellite goes around the earth once in every 24 h. What is the radius of orbit of the
synchronous satellite in terms of the earth's radius (Given mass of the earth, m, = 5.98 x 10%*kg. radius
of earth, 7, = 6.37 X 10°m, Universal constant of gravitation, G = 6.67 X 10" "*Nm? /kg?)

a) 2.4r, b) 3.67, c) 4.87, d) 6.67,
83. The total energy of a circularly orbiting satellite is

a) Twice the kinetic energy of the satellite b) Half the kinetic energy of the satellite

c) Twice the potential energy of the satellite d) Half the potential energy of the satellite
84. The gravitational force F; between two objects does not depends on

a) Sum of the masses b) Product of the masses

¢) Gravitational constant d) Distance between the masses
85. What is the intensity of gravitational field at the centre of a spherical shell

a) Gm/r? b) g ¢) Zero d) None of these
86. The gravitational attraction between the two bodies increases when their masses are

a) Reduced and distance is reduced b) Increased and distance is reduced

¢) Reduced and distance is increased d) Increased and distance is increased

87. Two satellites of mass m and 9m are orbiting a planet in orbit of radius R. Their periods of revolution will
be in the ratio of
a) 1:3 b) 1:1 c) 3:1 d) 9:1

88. A projectile is projected with velocity kv, in vertically upward direction from the ground into the space.
(v, is escape velocity and k < 1). If resistance is considered to be negligible then the maximum height

from the centre of earth to which it can go, will be : (R = radius of earth)

R R R R
a)

b Pl
KZ+1 I Y e
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89. Two spherical bodies of mass Mand 5Mand radii R and 2R respectively are released in free space with
initial separation between their centres equal to 12 R, If they attract each other due to gravitational force
only, then the distance covered by the smaller body just before collision is
a)25R b)45R c) 75R d)1.5R

90. A satellite is moving with a constant speed v in a circular orbit about the earth. An object of mass m is
ejected from the satellite such that it just escapes from the gravitational pull of the earth. At the time of its
ejection, the kinetic energy of the object is

1 3
a) —jmvz b) mv? c) ~2—mv2 d) 2mv?

91. Acceleration due to gravity is g on the surface of the earth. Then the value of the acceleration due to
gravity at a height of 32 km above earth’s surface is (Assume radius of earth to be 6400 km)
a) 0.99 g b)0.8g ¢)1.01g d)09g

92. If acceleration due to gravity on the surface of a planet is two times that on surface of earth and its radius
is double that of earth. Then escape velocity from the surface of that planet in comparison to earth will be
a) 2 v, b) 3 v, c) 4 v, d) None of these

93. Abody of mass m kg. starts falling from a point 2R above the Earth’s surface. Its kinetic energy when it has
fallen to a point 'R’ above the Earth’s surface [R-Radius of Earth, M-Mass of Earth, G-Gravitational

Constant]
16M 16M 2G6M 1M
4 LGMm e M ay SEMm P it
2 R 6 R 3 R 3 R

94. The gravitational force between a point like mass M and an infinitely long, thing rod of linear mass density

perpendicular to distance L from M is
MGA 1 MGA 2MGA ini
a) b= i d) Infinite
L 2 L L2
95. The curves for potential energy () and kinetic energy (F,) of a two particle system are shown in figure,

At what points the system will be bound

8o
= A c o
i T
a) Only at point D b) Only at point 4 c) At point D and A d) At points A4, B and €

96. A satellite whose mass is M, is revolving in circular orbit of radius r around the earth. Time of revolution
of satellite is

)T o L e L )T o o 4 r
e Te |om 5 GM?/3 Te [emija

97. The ratio of the radius of a planet "A" to that of planet 'B’ is 'r'. The ratio of acceleration due to gravity on
the planets is "x". The ratio of the escape velocities from the two planets is

a) xr b) ‘E c) Vrx d) \E

98. The depth d at which the value of acceleration due to gravity becomes 1/n times the value of the surface, is
[ R = radius of the earth]

R n—1 R n
i b — d) R
a}n ]R( n ) C}nz ) (n+1)
99. If g is the acceleration due to gravity at the earth’s surface and r is the radius of the earth, the escape

velocity for the body to escape out of earth’s gravitational field is

a) gr b) 2 gr c) g/r d)r/g

100. A shell of mass M and radius R has a point mass m placed at a distance r from its centre.
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101. If three particles each of mass M are placed at the three corners of an equilateral triangle of side a, the
forces exerted by this system on another particle of mass M placed (i) at the mid point of a side and (ii) at
the centre of the triangle are respectively

a) 0,0 4G M* 4GM? 36M? GM?
)  Jadi STad et
3a? 3a? at -
102. In the above Question find apparent weight of the object?
a)3N b) Zero c) 2N d)0.2N

103. Two identical satellite A and B are circulating round the earth at the height of R and 2R respectively.

(where R is radius of the earth). The ratio of kinetic energy of 4 to that of B is
1 2 c) 2 3

a) 3 b) 3 d) 3

104. Sun is about 330 times heavier and 100 times bigger in radius than earth. The ratio of mean density of the
sun to that of earth is
a)3.3x10°° b)3.3x10°* ¢y 3.3 %1072 d) 1.3

105. The correct graph representing the variation of total energy (E) kinetic energy (K) and potential energy
(U) of a satellite with its distance from the centre of earth is
a t+— by +— c) d)

r E r r
-
106. At what height above the earth’s surface does the force of gravity decrease by 10%? The radius of the
earth is 6400 km?
a) 345.60 km b) 687.20 km c) 1031.8 km d) 12836.80 km
107. A body is projected upwards with a velocity of 4 x 11.2 kms™? from the surface of earth. What will be the
velocity of the body when it escapes from the gravitational pull of earth?

a) 11.2 kms™! b)2x11.2kms™! ¢)3x11.2kms™! d) V15 x 11.2 kms™!
108. The mean radius of the earth’s orbit round the sun is 1.5 x 10**. The mean radius of the orbit of mercury

Energy

ﬂ
=]

Energy

(K

Energy

o Energy

|
|
|

round the sun is 6 X 10'”m. The mercury will rotate around the sun in
a) A year b) Nearly 4 years c) Nearlylyear d) 2.5 years
4

109. The mass of the moon is 1/81 of earth’s mass and its radius 1/4th that of the earth. If the escape velocity
from the earth’s surface is 11.2 kms ™1, its value for the moon will be
a) 0.15 kms™! b) 5 kms™! ¢) 2.5 kms™! d) 0.5 kms™!

110. g, and g, denote the acceleration due to gravity on the surface of the earth and another planet whose

mass and radius are twice to that of the earth, then

3}9;’:% b) 9p = ge c) 9p = 29 d]gp"—*%
111. 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 :
1. Mass of the planet
II. Mass of the particle escaping
I1I. Temperature of the planet
IV. Radius of the planet

Select the correct answer from the codes given below :

\
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a)landll b) Il and IV c) land IV d) I, Il and IV
112. A space ship moves from earth to moon and back. The greatest energy required for the space ship is to
overcome the difficulty in
a) Entering the earth’s gravitational field
b) Take off from earths field
c) Take off from lunar surface
d) Entering the moon's lunar surface
113. A body has weight 90 kg on the earth’s surface, the mass of the moon is 1/9 that of the earth’s mass and its
radius is 1/2 that of the earth’s radius. On the moon the weight of the body is

a) 45 kg b) 202.5 kg c) 90 kg d) 40 kg
114. A body revolved around the sun 27 times faster than the earth. What is the ratio of their radii
a) 1/3 b) 1/9 c) 1/27 d)1/4

115. The orbital angular momentum of a satellite revolving at a distance r from the centre is L. If the distance is
increased to 167, then the new angular momentum will be

L
a)16 L b) 64 L C}Z d)4L

116. A man can jump to a height of 1.5 m on a planet A. What is the height he may be able to jump on another
planet whose density and radius are, respectively, one-quarter and one-third that of planet A

a)1.5m b) 15m c) 18 m d) 28m
117. If satellite is shifted towards the earth. Then time period of satellite will be
a) Increase b) Decrease c) Unchanged d) Nothing can be said

118. If the force inside the earth surface varies as x™, where r is the distance of body from the centre of earth,
then the value of n will be
a) -1 b) -2 c) 1 d) 2

119. If the value of g acceleration due to gravity at earth surface is 10 ms™2, Its value in ms ™2 at the centre of
the earth, which is assumed to be a sphere of radius R metre and uniform mass density is
a)s b) 10/R c) 10/2R d) Zero

120. A body of mass m rises to a height h = R/5 from the surface of earth, where R is the radius of earth. If g is
the acceleration due to gravity at the surface of earth, the increase in potential energy is
a) (4/5)mgh b) (5/6)mgh c) (6/7)mgh d) mgh

121. Two satellite A and B go round a planet orbits having radii 4R and R, respectivly. If the speed of satellite
A is 3v, then speed of satellite B is

a) 3—; b]% c) 6v d) 12v
122. Rockets are launched in Eastward direction to take advantage of
a) The clear sky on Eastesn side b) The thinner atmosphere on this side
c) Earth's rotation d) Earth's tilt
123. If the moon is to escape from the gravitational field of the earth forever, it will require a velocity
a) 11.2 kms™1 b) Less than 11.2 kms™!
c) Slightly more than 111.2 kms™? d) 22.4 kms™!

124. A uniform ring of mass M and radius r is placed directly above a uniform sphere of mass 8M and of same
radius R. The centre of the ring is at a distance of d = V3R from the centre of the sphere. The gravitational
attraction beween the sphere and the ring is
il o el dy AEEM

R? 2R? VZR2 R?

125. The time period of a satellite of earth is 5h. 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)18h c) 40 h d)20h

126. Two particles of equal mass m go around a circle of radius & under the action of their mutual gravitational
attraction. The speed of each particle with respect to their center of mass is
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127. A pendulum clock is set to give correct time at the sea level, This clock is moved to hill station at an
altitude of 2500 m above the sea level. In order to keep correct time of the hill station, the length of the

pendulum
a) Has to be reduced b) Has to be increased
c) Needs no adjustment d) Needs no adjustment but its mass has to be
increased
128. A particle falls towards earth from infinity. It's velocity on reaching the earth would be
a) Infinity b) /2gR c) 2,/gR d) Zero

129. The acceleration due to gravity on a planet is 1.96 ms™7, 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)6m c) 9m d) 15m
130. Weight of 1kg becomes 1/6 on moon. If radius of moon is 1.768 x 10° m, then the mass of moon will be
a) 1.99 x 10°%g b) 7.56 x 10%%kg c) 5.98 x 10%*kg d) 7.65 x 10%*kg

131. A satellite in launched in a circular orbit of radius R around the earth. A second satellite is launch in to an
orbit of radius 1.01 &. The period of second satellite is longer than the first one (approximately) by
a) 1.5 % b) 0.5% c) 3% d) 1%

132. At a distance 320 km above the surface of earth, the value of acceleration due to gravity will be lower than
its value on the surface of the earth by nearly (radius of earth = 6400 km)
a) 2% b) 6% c) 10% d) 14%

133. Escape velocity on the surface of earth is 11.2 km/s. Escape velocity from a planet whose mass is the same
as that of earth and radius 1/4 that of earth is
a) 2.8 km/s b) 15.6 km/s c) 22.4 km/s d) 44.8 km/s

134. The period of moon's rotation around the earth is nearly 29 days. If moon’s mass were 2 fold, its present
value and all other things remained unchanged, the period of moon'’s rotation would be nearly

a) 29v2 days b) 29v2 days ¢) 29 x 2 days d) 29 days
135. A missile is launched with a velocity less than the escape velocity. The sum of its kinetic and potential
energy is
a) Positive b) Negative
c) Zero d) May be positive or negative depending upon its

initial velocity

136. If a planet of given density were made larger its force of attraction for an object on its surface would
increase because of planet's greater mass but would decease because of the greater distance from the
object to the centre of the planet. Which effect predominate?
a) Increases in mass b) Increase in radius
c) Both affect attraction equally d) None of the above

137. A body is orbiting around earth at a mean radius which is two times as greater as parking orbit of a
satellite, the period of body is
a) 4 days b) 16 days c) 2v2 days d) 64 days

138. If suddenly the gravitational force of attraction between earth and a satellite revolving around it becomes
zero, then the satellite will
a) Continue to move in its orbit with same velocity
b) Move tangentially to the original orbit with the same velocity
¢) Become stationary in its orhit
d) Move towards the earth

139. A geostationary satellite is revolving around the earth. To make it escape from gravitational field of earth,
its velocity must be increased
a) 100% b) 41.4% c) 50% d) 59.6%
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140. A satellite is orbiting around the earth with orbital radius R and time period T. The quantity which remain
constant is
a) T/R b) T?/R c) T2/R? d) T?/R3

141. Two spherical planets A and B have same mass but densities in the ratio 8:1. For these planets, the ratio of
acceleration due to gravity at the surface of A to its value at the surface of B is
a)l:4 b)y1:2 c)4:1 d)8:1

142. An earth satellite is moved from one stable circular orbit to farther stable circular orbit. Which one of the
following quantities increase?
a) Linear orbit speed b) Gravitational force
c¢) Centripetal acceleration d) Gravitational potential energy

143. A man starts walking from a point on the surface of earth (assumed smooth) and reaches diagonally
opposite point. What is the work done by him?
a) Zero b) Positive c) Negative d) Nothing can be said

144. The acceleration to gravity at a height 1/20th of the radius of the earth above the earth surface is 9ms ™.
Its value at a point at an equal distance below the surface of the earth in ms™2 is about below the surface of
the earth in ms™2 is about

a) 8.5 b) 9.5 c) 9.8 d) 11.5
145, Gravitational potential on the surface of earth is (M =mass of the earth, R = radius of earth)
a) —GM /2R b) —gR c) gR d) GM/R

146. The escape velocity of an object from the earth depends upon the mass of the earth (M), its mean density,
(p), its radius (R) and the gravitational constant (G). Thus the formula for escape velocity is

8 ‘3 2GM
a)v=R ;Gp byv=m ;cn ¢) v =V2GMR d)y = =

147. Earth binds the atmosphere because of
a) Gravity b) oxygen between earth and atmosphere
c) Both (a) and (b) d) None of the above

148. The acceleration due to gravity about the earth’s surface would be half of its value on the surface of the
earth at an altitude of (R = 4000 mile)
a) 1200 mile b) 2000 mile c) 1600 mile d) 4000 mile

149. The acceleration due to gravity on the planet 4 is 9 times the acceleration due to gravity on planet 5. 4
man jumps to height of 2 m on the surface of A. What is the height of jump by the same person on the
planet B?
a)bém

b]gm c) 2/9m d)18m
150. The time period of a geostationary satellite is
a) 12 hours b) 24 hours c) 6 hours d) 48 hours
151. A satellite is revolving around the planet. The gravitational force between them varies with R
is the radius of the satellite. The square of the time period T will be directly proportional to
a) R3 b) R7/2 c) R3/? d) r5/7
152. The mass of a planet is six times that of the earth. The radius of the planet is twice that of the earth. If the
escape velocity from the earth is v, then the escape velocity from the planet is
a)\3v b) V2v c)v d) v5v
153. Choose the correct statement from the following. The radius of the orbit of a geostationary satellite
depends upon
a) Mass of the satellite, its time period and the gravitational constant
b) Mass of the satellite, mass of the earth and the gravitational constant
¢) Mass of the earth, mass of the satellite, time period of the satellite and the gravitational constant
d) Mass of the earth, time period of the satellite and the gravitational constant
154. If the radius of earth decreases by 1% and its mass remains same, then the acceleration due to gravity

~5/2 where R
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a) increases by 1% b) decreases by 1% c) increases by 2% d) decreases by 2%
155. Acceleration due to gravity is maximum at (R is the radius of earth)

a) A heightg from the earth’s surface b) The centre of the earth

c) The surface of the earth d) A depth % from the earth’s surface

156. If satellite is revolving around a planet of mass M in an elliptical orbit of semi-major axis a, find the orbital

speed of the satellite when it is at a distance r from the focus
2 1 2 1
Avi=eM[Z-—|  bv=oM| 5]
roa re oa

2 1 2 1
gusonh-L]  aosefl]
rt @ roa
157. Three equal masses of 1kg each are placed at the vertices of an equilateral triangle PQR and a mass of 2kg

is placed at the centroid O of the triangle which is at a distance ofv’?m from each of the vertices of the
triangle. The force, in newton, acting on the, mass of 2kg is

a) 2 b) V2 c) 1 d) Zero
158. LANDSAT series of satellites move in near polar orbits at an altitude of
a) 3600 km b) 3000 km ¢) 918 km d) 512 km

159. A particle of mass 10 g is kept on the surface of a uniform sphere of mass 100 kg and radius 10 cm. Find
the work to be done against the gravitational force between them, to take the particle far away from the

sphere,
(You may take G = 6.67 x 10" "' Nm?kg?)
a) 13.34 x 10719] b) 3.33 X 10~1] ¢) 6.67 X 1077 d) 6.67 X 101]

160. Choose the correct statement from the following :
Weightlessness of an astronaut moving in a satellite is a situation of
a) Zero g b) No gravity c) Zero mass d) Free fall
161. The binding energy of a satellite of mass m in a orbit of radius r is (R = radius of earth,g =
acceleration due to gravity)

2 ) 2 2
a) mgR b) mgR & — mgR d) — mgR
T 2r T 2r
162. Who among the following gave first the experimental value of G
a) Cavendish b) Copernicus c) Brook Teylor d) None of these

163. An asteroid of mass m is approaching earth, initially at a distance of 10 R, with speed v;. It hits the earth
with a speed vy (R, and M, are radius and mass of earth), then

}vz_vz+26m(1_l) b]vz—v2+2GMe(1+l)
DY =Ty R 10 - TR, 10
26M 5 2Gm 1
z = p? Eft—=— 2 — 2 s
vy =vi+ R, (1 10) d) vf =vf + R, (1 10)
164. According to Kepler’s law T2 is proportional to
a) R? b) R? c) R d)R?

165. The gravitational field due to a mass distribution is 1 = inx direction. Hence € is constant. Taking the

gravitational potential to be zero at infinity, potential at x is
2C c 2C C
a) — b)— ¢) — d) —
) x ) x ) Ca ) i
166. 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
Ug u? 20
— b)— ) — d) 2Ugv?
3 ) P o )2Ug

167. For the moon to cease to remain the earth’s satellite, its orbital velocity has to increase by a factor of

a) 2 b) V2 c) 1/v2 d) V3

168. If the radius of a planet is R and its density is p, the escape velacity from its surface will be
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1
/ vP Vv, ¢ ——
a) v, o« pR b) v, = ,/pR c) Ue'x? d) Ve \/(ER

169. The distance of neptune and saturn from sun are nearly 10'® and 10'?m respectively. Assuming that they
move in circular orbits, their periodic times will be in the ratio

a) V10 b) 100 c) 10v10 d) 1/¥10
170. Planetary system in the solar system describes

a) Conservation of energy b) Conservation of linear momentum

c) Conservation of angular momentum d) None of these

171. Amass M is split into two parts m and (M — m), which are then separated by a certain distance. The ratio
m/M which maximizes the gravitational force between the parts is
a)l:4 b)1:2 c)4:1 d)2:1

172. 1f the mass of moon is% of earth™' s mass, its radius is%of earth™' sradius and if g is

acceleration due to gravity on earth, then the acceleration due to gravity on moon is..

g g g g
23 ®) 50 9 10 4
173. If the angular speed of the earth is doubled, the value of acceleration due to gravity (g) at the north pole
a) Doubles b) Becomes half ¢) Remains same d) Becomes zero

174. The change in potential energy when a body of mass m is raised to a height nR from the centre of earth
(R= radius of earth)

(n—1) n? n
a) mgR b) nmgR ) mgR o g d) mgR e

175. A mass of 6 X 10°*kg is to be compressed in a sphere in such a way that the escape velocity from the
sphere is 3 X 10% m/s. What should be the radius of the sphere?
(G = 6.67 x 10711 N-m? /kg?)

a) 9 km b)9m c) 9 mc d) 9 mm
176. For a body to escape from earth, angle at which it should be fired is?
a) 45° b) > 45° c) < 45° d) any angle

177. The radius of the earth is R. The height of a point vertically above the earth’s surface at which acceleration
due to gravity becomes 1% of its value at the surface is
a)8R b)9 R c) 10R d)20R

178. The density of earth in terms of acceleration due to gravity (g), radius of earth (R) and universal

gravitational constant (&) is
4nRG b 3nRG 0 4g d) 3g
39 4g 3nRG 4ntRG
179. Escape velocity of a body of 1 kg mass on a planet is 100 m/sec. Gravitational Potential energy of the body
at the Planet is
a) —5000] b) —1000/ c) —2400] d) 5000/
180. Assuming the earth to have a constant density, point out which of the following curves show the variation

of acceleration due to gravity from the centre of earth to the points far away from the surface of earth
a

N

—

R r

*

b)
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c)

>
R r

d) None of these

181. If the distance between two masses is doubled, the gravitational attraction between them
a) Is doubled b) Becomes four times
c) Is reduced to half d) Is reduced to a quarter

182. A body weighs 700 g wt on the surface of the earth. How much will it weigh on the surface of a planet
whose mass is % and radius is half that of the earth
a) 200 g wt b) 400 g wt c) 50 g wt d) 300 g wt

183. A satellite in a circular orbit of radius R has a period of 4 h. Another satellite with orbital radius 3R around
the same planet will have a period (in hour)
a) 16 b) 4 c) 427 d) 4/8

184. Distance between the centres of two stars is 10 a. The masses of these stars are M and 16 M and their radii
a and Za respectively. A body of mass m is fired straight from the surface of the larger star towards the
smaller star. The minimum initial speed for the body to reach the surface of smaller star is

a2 2 by > ’_SGM g2 ’_SGM a2 /ﬂ
3.0 a 2 a 3 a 2.0 a

185. Three particles each of mass m are kept at verities of an equilateral triangle of side L. The gravitational field
at centre due to these particle is
a) Zero b) 3GM 0 9GM d) E@
e I2 V3 L2
186. The escape velocity of projectile on the earth’s surface is 11.2 kms™!. A body is projected out with thrice
this speed. The speed of the body for away from the earth will be

a) 22.4 kms™? b) 31.7 kms~* ¢) 33.6 kms™! d) None of these
187. The distance of a geo-stationary satellite from the centre the earth (Radius R = 6400 km) is nearest to
a)5R b)7 R c) 10R d) 18R

188. Kepler's second law regarding constancy of aerial velocity of a planet is consequence of the law of
conservation of
a) Energy b) Angular momentum  ¢) Linear momentum d) None of these
189. In the above problem, if the shell is replaced by a sphere of same mass and radius then the graph of
F(r) versus r will be

F(r F(r) £.40) F(r)
DAL bl el ol
0 R ¥ o ] ;- o & 0 R r

190. The weight of a body on surface of earth is 12.6 N. When it is raised to a height half the radius of earth its
weight will be
a) 28N b) 5.6 N c) 125N d) 25. 2N
191. A man inside an artificial satellite feels weightlessness because the force of attraction due to earth is
a) Zero at that place
b) Is balanced by the force of attraction due to moon
c) Equal to the centripetal force
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d) Non-effective due to particular design of the satellite
192. A particle of mass m is located at a distance r from the centre of a shell of mass M and radius R. The force
between the shell and mass is F(r). The plot of F(r) versus r is

F (r) F (r) E () F(r)
a) ‘ .ﬁ b) :’ :E c) [ d) ‘ L\
4] R ¥ o R r 0 R_ r 0O R F

193. Two particles each of mass m are moving around a circle of radius R due to their mutual gravitational
force of attraction, velocity of each particle is

= am s Gm 9 pm Gm d) None of these
TR IR N FTy

194, A particle is fired vertically upwards from the surface of earth and reaches a height 6400 km. The initial
velocity of the particle is (R = 6400 km,g = 10ms™?)
a) 11.2ms™?! b) 8 kms™! ¢) 3.2kms™! d) None of these

195. What will be the effect on the weight of a body placed on the surface of earth, if earth suddenly starts
rotating with half of its angular velocity of rotation?
a) No effect
b) Weight will increase
c) Weight will decrease
d) Weight will become zero

196. Imagine a light planet revolving around a very massive star in a circular orbit of radius r with a period of
revolution T'. If the gravitational force of attraction between the planet and the star is proportional to
R™3/2, then T? is proportional to
a) R? b) R5/2 c) R3/2 d) R7/?

197. In planetary motion the areal velocity of position vector of a planet depends on angular velocity (w) and
the distance of the planet from sun (r). If so the correct relation for areal velocity is

A A dA dA
a) — b) — % c) — 2 dj==s
}dtocmr ]dtocmr )dtoccor ]dtcc\,'mr
198. Energy required to move a body of mass m from an orbit of radius 2 Rto 3R is
a) GMm/12R? b) GMm/3R? c) GMm/8R d) GMm/6R

199. An artificial satellite is revolving round the earth in a circular orbit. Its velocity is half the escape velocity.
Its height from earth’s surface is
a) 6400 km b) 12800 km c) 3200 fem d) 1600 km

200. Two astronauts have deserted their space ships in a region of space far from the gravitational attraction of
any other body. Each has a mass of 100 kg and they are 100 m apart. They are initially at rest relative to
one another. How long will it be before the gravitational attraction brings them 1 cm closer together?
a) 2.52 days b) 1.41 days c) 0.70 days d) 0.41 days

201. The earth revolves round the sun in one year. If the distance between them becomes double, the new
period of revolution will be

a) 1/2 year b) 2v2 years c) 4 years d) 8 years
202. Where will it be profitable to purchase 1 kilogram sugar
a) At poles b) At equator c) At 45° latitude d) At 40° latitude
203. If the density of the earth is doubled keeping radius constant, find the new acceleration due to gravity?
(g = 9.8 m/s?)
a) 9.8 m/s? b) 19.6 m/s? c¢) 49 m/s? d) 39.2 m/s?

204. In the previous question, the angular speed of S; as actually observed by an astronaut is 5,

m 2 T
a) Eradh‘1 b) mradh™! c) ?T[ radh™! d)3 radh™
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205.1fV, R and g denote respectively the escape velocity from the surface of the earth radius of the earth, and
acceleration due to gravity, then the correct equation is

a)V=,/gR by = ’%g}?:; ) V=RJg d) v = /2gR

206. The force of gravitation is
a) Repulsive b) Electrostatic ¢) Conservative d) Non-conservative
207. A satellite moves in a circle around the earth. The radius of this circle is equal to one-half of the radius of
the moon’s orbit. The satellite completes one revolution in

1 2
a) = lunar month b) 3 lunar month ¢) 2732 lunar month d) 23/2 lunar month

208. The height at which the acceleration due to gravity decreases by 36% of its value on the surface of the

earth. (The radius of the earth is R)
R R R 2
= b)— = d) =
2) 2 I3 &5 )R
209. Four particles each of mass M, are located at the vertices of a square with side L. The gravitational

potential due to this at the centre of the square is

GM GM GM
a} _W@T b] —\@? C] Zero d] V@T
210. A body weighs w newton at the surface of the earth. Its weight at a height equals to half the radius of the
earth, will be
w 2w 4w 8w
i b) — —_ d) —
L )3 93 )57

211. A planet in a distant solar system is 10 times more massive than the earth and its radius is 10 times
smaller. Given that the escape velocity from the earth is 11kms ™!, the escape velocity from the surface of
the planet would be

a) 1.1 kms™1 b) 11 kms™1 ¢) 110 kms™? d) 0.11 kms™?
212. Radius of earth is around 6000 km. The weight of body of height of 6000 km from earth surface becomes
a) Half b) One-fourth c) One third d) No change

213. The gravitational field due to a mass distribution is / = k/x? in the x-direction (k is a constant). Taking
the gravitational potential to be zero at infinity, its value at a distance x/vZ is

a) k/x b) k/2x ¢) k/x? d) k/2x?
214. The weight of an astronaut, in an artificial satellite revolving around the earth, is

a) Zero b) Equal to that on the earth

c) More than that on the earth d) Less than that on the earth

215. Two satellites S, and S, revolve around a planet in coplanar circular orbits in the same sense. Their
periods of revolution are 1 h and 8 h respectively. The radius of orbit of 5, is 10* km. When S, is closest to
Sy, the speed of S, relative to Sy is
a) mx 10* kmh™! b) 21 x 10* kmh™! ¢) 3t x 10* kmh™?! d) 4m x 10* kmh™!

216. The earth (mass = 6 x 10**kg) revolves around the sun with angular velocity 2 x 1077 rads™" in a circular
orbit of radius 1.5 x 108km. The force exerted by the sun on the earth in newton is
a) Zero b) 18 x 10%° ) 27 x 103° d) 36 x 10?1

217. The required kinetic energy of an object of mass m, so that it may escape, will be

1 1
a) ngR b) Eng ¢) mgR d) ZmgR

218. The gravitational potential energy of a body of mass m at a distance r from the centre of the earth is U.
What is the weight of the body at this distance?

u U
a)U b) Ur c) — d) —
T 2r

219. The radius of orbit of a planet is two times that of the earth. The time period of planet is
a) 4.2 years b) 2.8 years c) 5.6 years d) 8.4 yeasrs
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220. 1f the radius of the earth were to shrink by two percent, its mass remaining the same, the acceleration due
to gravity on the earth’s surface would

a) Decrease by 2% b) Increase by 2% c) Increase by 4% d) Decrease by 4%
221. Two planets of mean distance d; and d; from the sun and their frequencies are n; and n, respectively then
a) nid? = n,d2 b) n3d3 = nid; c) nyd? = n,ds d) n?d, = n2d,

222. The escape velocity for the earth is v,. The escape velocity for a planet whose radius is four times and
density is nine times that of the earth, is

a) 36v, b) 12v, c) 6v, d) 20w,
223. The escape velocity on earth is
a) 1.12 kms~! b)11.2 ms™? ¢) 11.2 kmh™? d) 11.2 kms™!
224. The total energy of satellite moving with an orbital velocity v around the earth is
1 1 3
a) Emvz b) —-z-mvz ¢) mv? d) Emv2

225. Which one of the following statements regarding artificial satellite of the earth is incorrect
a) The arbital velocity depends on the mass of the satellite
b) A minimum velocity of 8 km/sec is required by a satellite to orbit quite close to the earth
c) The period of revolution is large if the radius of its orbit is large
d) The height of a geostationary satellite is about 36000 km from earth

226. The time period of geostationary satellite at a height 36000 km is 24 h. A spy satellite orbits earth ata
height 6400km. What will be the time period of sky satellite?
(Radius of earth = 6400 lim )
a)5h b)4h c)3h d)12h

227. Two stars of mass m, and m; are parts of a binary system. The radii of their orbits are r; and r,
respectively, measured from the C.M. of the system. The magnitude of gravitational force m, exerts on m,
is

m4 mzc m1G sz [:ml +m2)
a 2 b) z c) 2 2
(ry+72) (ry +12) (ry +13) (ri +13)

228. If the density of a small planet is the same as that of earth, while the radius of the planet is 0.2 times that of
the earth, the gravitational acceleration of the surface of that planet is

a)02g b) 0.4 g c)2g d4g
229. In an elliptical orbit under gravitational force, in general

a) Tangential velocity is constant b) Angular velocity is constant

c) Radial velocity is constant d) Areal velocity is constant

230. Two identical thin rings each of radius R are coaxially placed at a distance R. If the rings have a uniform
mass distribution and each has mass m, and m; respectively, then the work done in moving a mass m
from centre of one ring to that of the other is

I R M

"y

Gmm; (V2 + 1)
m,R
Gm(m; —my)(V2Z+ 1)
V2R
Gmv2(my+my)
R

a)

b)

c)
d) Zero
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231. The ratio of acceleration due to gravity at a height 3R above earth’s surface to the acceleration due to

gravity on the surface of the earth is (R = radius of earth)
1

1 1 1
232. A geostationary satellite is orbiting the earth at a height of 6R above the surface of the earth; R being the
radius of the earth. What will be the time period of another satellite at a height 2.5 R from the surface of
the earth?
a) 6VZh b) 6v2.5 h c) 6v3h d)12h
233. A satellite of mass m revolves around the earth of radius R at a height x from its surface. If g is the
acceleration due to gravity on the surface of the earth, the orbital speed the satellite is

R 2 2 \1/2
a) gx b) 4 c) 9K d)(gR )

R~z R+x R+x
234. A spring balance is graduated on sea level. If a body is weighed with this balance at consecutively
increasing heights from earth’s surface, the weight indicated by the balance
a) Will go on increasing continuously b) Will go on decreasing continuously
c) Will remain same d) Will first increase and then decrease
235. A particle of mass m is placed at the centre of a uniform spherical shell of mass 3 m and radius R. The

gravitational potential on the surface of the shell is

3 _G_m b]_BGm 0 _4Gm d]_ZGm
R R R R

236. In the following four periods
(i) Time of revolution of a satellite just above the earth’s surface (Ts;)
(ii) Period of oscillation of mass inside the tunnel bored along the diameter of the earth (7},,4)
(iii) Period of simple pendulum having a length equal to the earth's radius in a uniform field of

9.8N /kg(Tsp)

(iv) Period of an infinite length simple pendulum in the earth’s real gravitational filed (T})
a} Tsr > "l:ma b} Tma = Tst

c) Tsp > Tis d)Tst = Tna = Tsp =T

237. The change in the gravitational potential energy when a body mass m is raised to a height nR above the
surface of the earth is (here R is the radius of the earth)
a) (#) mgR b) (ﬁ) mgR c) nmgR d) ngR

238. A planet of mass m moves around the sun of mass M in an elliptical orbit. The maximum and minimum
distance of the planet from the sun are r* and r?, respectively. The time period of the planet is
proportional to
a) (rp +12) b) (r; + 1)"/? c) (rn —1)*? d) (ry +1,)*?

239. The masses and radii of the earth and moon are M,, Ry and M;, R, respectively. Their centres are distance
d apart. The minimum velocity with which a particle of mass m shoule be projected from a point midway
between their centres so that it escapes to infinity is

G 26 G Gm(M; + M3)
a) 2 'E(M;+M2) b) 2 /?(lez) ¢) 2 ’?mmwz) d) 2 ﬁ

240, One goes from the centre of the earth to a distance two third the radius of the earth, where will the
acceleration due to gravity be the greatest?
a) At the centre of the earth
b) At a height half the radius of the earth
c) At a height one-third the radius of the earth
d) At a height two-third the radius of the earth
241. The value of g decreases inside the surface of earth because
a) A force of upward attraction is applied by the shell of earth above
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b) The shell of earth above exerts no net force
c) The distance from the centre of the earth decreases
d) The density of the material at the centre of the earth is very small
242. Two balls, each of radius R, equal mass and density are placed in contact, then the force of gravitation

between them is proportional to

a}Foc% b)F <R c) F o R* d]Foc%

243. The orbital speed of an artificial satellite very close to the surface of the earth is V/,. Then the orbital speed
of another artificial satellite at a height equal to three times the radius of the earth is
a1l b) 2V, c) 0.5V d) 4V,

244. The ratio of the distances of two planets from the sun is 1.38. The ratio of their period of revolution
around the sun is
a) 1.38 b) 1.38%/2 c) 1.38%/2 d) 1.383

245. The escape velocity of a body on the surface of the earth is 11.2 km/s. If the earth’s mass increases to
twice its present value and the radius of the earth becomes half, the escape velocity would become
a) 5.6 km/s b) 11.2 km/s (remain unchanged)
c) 224 km/s d) 44.8 km/s

246, 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 2/3rd that of earth and radius one quarter that of the earth

a)1.5m b)3m c) 6m d) 7.5m
247. Distance of geostationary satellite from the surface of earth radius(R, = 6400 km) in terms of R, is
a) 13.76 R, b) 10.76 R, c) 6.56 R, d) 2.56 R,

248. A particle of mass m is placed inside a spherical shell, away from its centre. The mass of the shell is M
a) The particle will move towards the centre if m < M, and away from the centre if m > M
b} The particle will move towards the centre
c) The particle will oscillate about the centre of shell
d) The particle will remain stationary
249, A straight rod of length L extends from x = a to x = L + a. Find the gravitational force it, exerts on a point
mass m at x = 0 if the linear density of rod p = A + Bx?*

a) Gm[§+BL] b) Gm[A (é—a—iL)-i-BL]
c) Gm [BL + %] d) Gm [BL - g]

250. The escape velocity of a body from the earth is v,. If the radius of earth contracts to 1/4th of its value,
keeping the mass of the earth constant, the escape velocity will be

a) Doubled b) Halved c) Tripled d) Unaltered
251. In a satellite, if the time of revolution is T, then KE is proportional to
1 1 1 T
= S = d T—J,H
7 T2 RE )

252. A satellite is launched into a circular orbit of radius R around the earth. A second satellite is launched into
an orbit of radius 4R. The ratio of their respective periods is
a) 4:1 b) 1:8 c) 8:1 d) 1:4

253. A satellite which is geostationary in a particular orbit is taken to another orbit. Its distance from the centre
of earth in new orbit is 2 times that of the earlier orbit. The time period in the second orbit is
a) 4.8 hours b) 48v2 hours c) 24 hours d) 242 hours

254. A clock S is based on oscillation of a spring and a clock P is based on pendulum motion. Both clocks run at
the same rate on earth. On a planet having the same density as earth but twice the radius
a) S will run faster than P b) P will run faster than S
¢) They will both run at the same rate as on the earthd) None of these
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255. If mass of a satellite is doubled and time period remain constant the ratio of orbit in the two cases will be
ajl1:2 b)1:1 c)1:3 d) None of these

256. If a man weighs 90 kg on the surface of earth, the height above the surface of the earth of radius R, where
the weight is 30 kg is
a) 0.73 R b) R/\V3 ¢) R/3 d) V3R

257. A particle is projected vertically upwards from the surface of earth (radius R,) with a kinetic energy equal
to half of the minimum value needed for it to escape. The height to which it rises above the surface of earth
is
a) R, b) 2R, c) 3R, d) 4R,

258. If the escape velocity of a planet is 3 times that of the earth and its radius is 4 times that of the earth, then
the mass of the planet is (Mass of the earth = 6 x 102*kg)
a) 1.62 x 10%%kg b) 0.72 x 10%?kg c) 2.16 x 10%°kg d) 1.22 x 10%%kg

259, What will be the acceleration due to gravity at height h if h > > R. Where R is radius of earth and g is

acceleration due to gravity on the surface of earth
g g

— = 2h —= h
a 2 b —— o 2 d ——
(1+2) ]9(1 R) -2 ]9(1 R)
260. A body of mass m is moved to a height h equal to the radius of the earth. The increase in potential energy
is
a) 2 mgR b) mgR c) mgR/2 d) mgR /4
261. Assume that the acceleration due to gravity on the surface of the moon is 0.2 times the acceleration due to
gravity on the surface of the earth. If R, is the maximum range of a projectile on the earth’s surface, what is
the maximum range on the surface of the moon for the same velocity of projection
a) 0.2 R, b) 2R, c) 0.5 R, d)5R,
262. A particle of mass M is situated at the centre of a spherical shell of same mass and radius a. The magnitude

of the gravitational potential at a point situated at a/2 distance from the centre, will be
) 4GM GM 2GM 3cM
a

b) — c) d) —
a a a a
263. The distance of a planet from the sun is 5 times, the distance between the earth and the sun. the time
period of the planet is
a) 63/2T yr b) 53/2T yr c) 53/1T yr d) 5'/2T yr
264. A satellite of mass m is orbiting close to the surface of the earth (Radius R = 6400 km) has a kinetic energy
k. The corresponding kinetic energy of the satellite to escape from the earth’s gravitational field is
a) K b) 2K c) mgR d) mK
265. Two equal masses m and m are hung from a balance whose scale pans differ in height by h. If p is the mean
density of earth, then the error in weighing is
a) Zero b) 4nGpmh/3 ¢) 8nGpmh/3 d) 2nGpmh/3
266. A body is projected with velocity of 2 x 11.2 km/s from the form the surface of earth. The velocity of the
body when it escapes the gravitational pull of earth is
a) V3 x 11.2 km/s b) 11.2 km/s ) VZ x 11.2 km/s d) 0.5 x 11.2 km/s
267. If the earth rotates faster than its present speed, the weight of an object will
a) Increase at the equator but remain unchanged at the poles
b) Decrease at the equator but remain unchanged at the poles
c) Remain unchanged at the equator but decrease at the poles
d) Remain unchanged at the equator but increase at the poles
268. The escape velocity from earth is v,,. A body is projected with velocity 2v,, with what constant velocity
will it move in the inter planetary space
a) Vs b) 3V, c) V3u,, d) V5v,,
269. Which of the following graphs represents the motion of a planet moving about the sun
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a) [ b) [ i c) { d) [
T \ 7 7 7

270. Which of the following graphs represents correctly the variation of the intensity of gravitational field (I)
with the distance (r) from the centre of a spherical shell of mass M and radius a?

GM

a) @

0 r=a

271. Astronaut is in a stable orbit around the earth when he weighs a body of mass 5 kg, What is reading of

spring balance?

a) Spring will not be extended

b) Spring will be extended according to Hook's law

c) Less than 5 kg-wt

d) More than 5 kg-wt
272. The gravitational field in a region is given by I = (41 + j)Nkg~'. Work done by this field is zero when a

particle is moved along the line

a)x+y=6 b)x+4y=6 c)yv+4x=6 dx—y=6
273. Satellite A and B are revolving around the orbit of earth. The mass of 4 is 10 times of
T
mass of B. The ratio of time period (T—A) is
B
a) 10 b)1 1 1
= d) —
93 )10

274. Mass of moon is 7.34 x 1022 kg, If the acceleration due to gravity on the moon is 1.4 ms™2, the radius of the
moon is (G = 6.667 X 10""Nm?kg~%)
a) 0.56 x 10*m b) 1.87 x 10°m ¢) 1.92 x 10°m d) 1.01 x 10%m

275. The angular velocity of the earth with which it has to rotate so that acceleration due to gravity on 60°
latitude becomes zero is (Radius of earth = 6400 km. At the poles g = 10 ms™?)
a) 2.5 x 107 3rad/s b) 5.0 x 10~ rad/s c) 1x10rad/s d) 7.8 x 10~ %rad /s

276. If the diameter of mars is 6760 km and mass one-tenth that of earth. The diameter of earth is 12742 km. If
acceleration due to gravity on earth is 9.8 ms~?, the acceleration due to gravity on mass is
a) 348 ms 2 b) 2.84 ms—? ¢) 3.48 ms 2 d) 284 ms?

277.1f mass of earth is M, radius is R and gravitational constant is G, then work done to take 1 kg mass from
earth surface to infinity will be

GM GM
a) |EM b) o |2EM d)—
2R R R 2R
278. Gravitational field is
a) Conservative b) Non-conservative c) Electromagnetic d) Magnetic

279. An artificial satellite moving in circle orbit around the earth has a total (kinetic + potential) energy Ey. Its
potential energy and kinetic energy respectively are
a) 2E;and —2E; b) —2E, and —3E, c) 2Ey and —E; d) —2E; and —E,

280. If the change in the value of 'g’ at a height h above the surface of the earth is the same as at a depth x

below it, then (both x and h being much smaller than the radius of the earth)

Ay k By 2k C)x:% Q) =ht
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281. Acceleration due to gravity on moon is 1/6 of the acceleration due to gravity on earth. If the ratio of

densities of earth (p,) and moon (p,,) is (%) = SEthen radius of moon (R,;,) in terms of R, will be

5 1 3 1
a}-l—éﬁe b].éRe C} "l-'éRe d] mRE
282. At what depth below the surface of the earth, the value of g is the same as that at a height of 5 km?
a) 1.25 km b) 2.5 km c) 5km d) 10 km

283. A man is standing on an international space station, which is orbiting earth at an altitude 520 km with a
constant speed 7.6 km/s. If the man’'s weight is 50 kg, his acceleration is
a) 7.6km/s* b) 7.6m/s? c) 8.4m/s? d) 10m/s?

284. Time speed of revolution of a nearest satellite around a planet of radius R is T. Period of revolution around
another planet, whose radius is 3R but having same density is
a)T b) 3T c) 9T d) 3v3T

285. The masses of two planets are in the ratio 1:2. Their radii are in the ratio 1:2. The acceleration due to
gravity on the planets are in the ratio
a) 1:2 b) 2:1 c) 3:5 d) 5:3

286. 1f g., g, and g, be the accelerations due to gravity at earth’s surface, a height h and at depth d
respectively. Then
a) ge > Gn > Ya b) ge > Gn < ga €) ge < 9n < Ga d) ge < Gn > ga

287. 1f a planet of given density were made larger (keeping its density unchanged) its force of attraction for an
object on its surface would increase because of increased mass of the planet but would decrease because
of larger separation between the centre of the planet and its surface. Which effect would dominate?
a) Increase in mass b) Increase in radius
¢) Both affect the attraction equally d) None of the above

288. Two planets have the same average density but their radii are R, and R,. If acceleration due to gravity on
these planets be g, and g, respectively, then

R R R? R3
a}&:__i =2 C]&:_; d]&-:—é
gz Ry g: Ry g R;3 g: R;

289. Two satellite A and B, ratio of masses 3 : 1 are in circular orbits of radii » and 4r. Then ratio of total
mechanical energy of A to B is
a)1:3 b)3:1 c)3:4 d)12:1

290. What is the escape velocity for a body on the surface of a planet on which the acceleration due to gravity is

(3.1)*ms~? and whose radius is 8100 km
279

a) 2790 km.s™* b) 27.9 km.s! 0) —Skm. 51 d) 27.9v5km.s™1
291. An astronaut on a strange planet finds that acceleration due to gravity is twice as that on the surface of
earth. Which of the following could explain this
a) Both the mass and radius of the planet are half as that of earth
b) Radius of the planet is half as that of earth, but the mass is the same as that of earth
c) Both the mass and radius of the planet are twice as that of earth
d) Mass of the planet is half as that of earth, but radius is same as that of earth
292. The height from the earth surface at which the value of acceleration due to gravity reduces to 1/4" of its
value at earth’s surface (assume earth to be sphere of radius 6400 km)
a) 6400 km b) 2649 km c) 2946 km d) 1600 km

G Ly ; . 6 ; p o
293. Gravitational acceleration on the surface of a planet is 31'—1 g, where g is the gravitational

. . .2,
acceleration on the surface of earth. The average mass density of the planet is S times

that of the earth. If the escape speed on the surface of the earth is taken on be 11 kms™,
the escape speed on the surface of the planet in kms ™! will be
a)s b) 7 ) 3 d) 11
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294. Two identical trains P and Q move with equal speeds on parallel tracks along the equator. P moves from
east to west and @ from west to east
a) Data is sufficient to arrive at a conclusion
b) Both exert equal force on track
c) Train Q exerts force on track
d) Train P exerts greater force on track

295. What is the height the weight of body will be the same as at the same depth from the surface of the earth?
Radius of earth is R

R o= =
a) 3 b) VSR — R c}w d]@

296. The additional kinetic energy to be provided to a satellite of mass m revolving around a planet of mass M,
to transfer it from a circular orbit of radius R, to another of radius R,(R, > R;) is

1 1 1 1 1 1 1 1 1
a) GmM ( = R—%) b) GmM (R_l - R_z) ¢) 2GmM (R_l - R_g) d) 5 GmM (R_1 - R_z)
297. 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
298. Given radius of Earth 'R’ and length of a day ‘T’ the height of a geostationary satellite is [G-Gravitational
Constant, M-Mass of Earth]

an26M\"* s GMT2\"? GMT2\"?
9 (Z) wEN -k oG] -k o(G) +

T RZ 472 42
299. The gravitational potential energy of a body of mass ‘m’ at the earth’s surface is —mgR,. Its gravitational

potential energy at a height R, from the earth’s surface will be (Here R, is the radius of the earth)
1

a) —2mgR, b) 2ZmgR, c) %ngE d) —Enge
300. The correct option is
a) The time taken in travelling DAB is less than that for 5CD
b) The time taken in travelling DAF is greater than that for 5CD
c) The time taken in travelling CPAD1s less than that for ABC
d) The time taken in travelling £DA is greater than that for ABC
301. If an object of mass m is taken from the surface of earth (radius /) to a height 2R, then the work done is

2 3
a) 2mgR b) mgR c) gng d) Eng

302. A comet of mass m moves in a highly elliptical orbit around the sun of mass M. The maximum and
minimum distances of the comet from the centre of the sun are r; and r; respectively. The magnitude of
angular momentum of the comet with respect to the centre of sun is

2) [ GMr, 1'/2 By [[GMmay 12 . (26m2r1 rz)w a (26Mm2r1 rz)m
(r +13) (rp +712) rn+r n+n
303. If density of earth increased 4 times and its radius become half of what it is, our weight will
a) Be four times its present value b) Be doubled
c) Remain same d) Be halved

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

a) g5 b) g("5) c) R d) g(5)
305. Acceleration due to gravity g for a body of mass m on earth'’s surface is proportional to (Radius of earth =
R, mass of earth = M)

a) M/R"2 b) m° c) mM d) 1/R3/?
306. At what height from the ground will the value of ‘g’ be the same as that in 10 km deep mine below the
surface of earth
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a) 20 km b) 10 km c) 15 km d)5km

307.1f g % (instead uf% ), then the relation between time period of a satellite near earth’s surface and
radius R will be
a) T? « R? b) T o R? )T xR d)ToT

308. The potential energy of gravitational interaction of a point mass m and a thin uniform rod of mass M and
length {, if they are located along a straight line at distance a from each other is

a) v =21, (aH) b) U = GM (l——l)
~Ta BelTg I VR
GM + 1 M

QuU=- fmlue(ﬂl ) d)U:_Tm

309. The earth revolves about the sun in an elliptical orbit with mean radius 9.3 x 107m in a period of 1 year.
Assuming that there are no outside influences

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 are correct
310. Which force in nature exits every where
a) Nuclear force b) Electromagnetic force
c) Weak force d) Gravitation

311. The distance between the earth and the moon is 3.85 x 10%m. At what distance from the earth’s centre, the
intensity of gravitational field will be zero? The masses of earth and moon are 5.98 x 10?* kg and 7.35 x
1022 kg respectively
a) 3.47 x 10%m b) 0.39 x 10®m ¢) 1.82 x 10%m d) None of these

312. At what height in km over the earth’s pole the free fall acceleration decreases by one percent? (Assume the
radius of the earth to be 6400 km)

a) 32 b) 64 c) 80 d) 1.253

313. If r denotes the distance between the sun and the earth, then the angular momentum of the earth around
the sun is proportional to
a) r3/2 b)r c) Vr d)r?

314. At what distance from the centre of the earth, the value of acceleration due to gravity g will be half that on
the surface (R = radius of earth)
a)2R b) R c) 1414 R d) 0.414 R

315. The depth from the surface of the earth of radius R at which the acceleration due to gravity will be 75% of
the value on the surface of the earth is
a) R/4 b) R/2 c) 3R/4 d) R/8

316. The escape velocity for a body projected vertically upwards from the surface of earth is 11 kms™2. If the
body is projected at an angle of 45° with the vertical, the escape velocity will be

a) 11+v/2kms™! b) 22 kms™! ¢) 11 kms™! d) 11/v2 ms™?
317. Reason of weightlessness in a satellite is

a) Zero gravity b) Centre of mass

¢) Zero reaction force by satellite surface d) None

318. The mass and radius of the sun are 1.99 x 103°kg and R = 6.96 x 10® m. The escape velocity of a rocket
from the Sun is

a) 11.2 km/s b) 2.38 km/s c) 59/5 km/s d) 618 km/s
319. When earth moves around the sun, the quantity which remains constant is
a) Angular velocity b) Kinetic energy c) Potential energy d) Areal velocity

320. If g is the acceleration due to gravity on the surface of the earth, the gain in potential energy of an object of
mass m raised from the earth’s surface to a height equal to the radius R of the earth is
mgR mgR
a % b]—g—- c) mgR d) 2mgR
321. If the radius of the earth were to shrink by 1% its mass remaining same, the acceleration due to gravity on
the earth’s surface would
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a) Decrease by 2% b) Remain unchanged c) Increase by 2% d) Become zero

322. If the diameter of mass is 6760 km and mass one-tenth that of earth. The diameter of earth is 12742 km. If
acceleration due to gravity on earth is 9.8 ms™?, the acceleration due to gravity on mass is
a) 348 ms™? b) 2.48 ms~* c) 3.48 ms™? d) 28.4 ms—?

323. A thin uniform annular disc (see figure) of mass M has outer radius 4R and inner radius 3R. The work

)

4R
]
3R R
required to take a unit mass from point P on its axis to infinity is
26M 26M GM 26M
okl i b) ——— . Nk d)—— -
o) (4v2 -5) == (4V2 - 5) D5z )=z (2-1)

324. A spaceship is launched into a circular orhit close to earth’s surface. The additional velocity that should be
imparted to the spaceship in the orbit to overcome the gravitational pull is (Radius of earth = 6400 km
andg =9.8ms™?)

a) 11.2 kms™! b) 8 kms ™! ¢) 3.2kms™! d) 1.5 kms™!
325. The escape velocity of a projectile from the earth is approximately
a) 11.2 m/sec b) 112 km/sec c) 11.2 km/sec d) 11200 km/sec

326. Two satellites of earth, §; and S;, are moving in the same orbit. The mass of S, is four times the mass of S5.
Which one of the following statements is true?
a) The time period of §; is four times that of S,
b) The potential energies of earth and satellite in the two cases are equal
c) §; and S, are moving with the same speed
d) The kinetic energies of the two satellites are equal
327. The acceleration due to gravity is g at a point distant  from the centre of earth of radius R. If r < R, then
a)ger b) g e r? c) gocrt d) g ecr2
328. The value of g on the surface of earth is smallest at the equator because
a) The centripetal force is maximum at equator
b) The centripetal force is least at equator
¢) The angular speed of earth is maximum at equator
d) The angular speed of earth is least at equator
329. The ratio of acceleration due to gravity at a height h above the surface of the earth and at a depth h below
the surface of the earth for h < < radius of earth
a) Is constant
b} Increases linearly with h
c) Decreases linearly with h
d) Decreases parabolically with
330. The mass of the moon is about 1.2% of the mass of the earth. Compared to the gravitational force the earth
exerts on the moon, the gravitational force the moon exerts on earth

a) Is the same b) Is smaller c) Is greater d) Varies with its phase
331. If the earth were to spin faster, acceleration due to gravity at the poles

a) increase b) decreases

c) remain the same d) depends on how fast it spins

332. P is point at a distance r from the centre of a solid sphere of radius r. The variation of gravitational
potential at P (ie, V) and distance r from the centre of sphere is represented by the curve.

—_—

o
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333. A solid sphere of mass M and radius & has a spherical gravity of radius g such that the centre of cavity is at

distance £/2 from the centre of the sphere. A point mass m is placed inside the cavity at a distance /4 from

the centre of sphere. The gravitational pull between the sphere and the point mass m is

11GMm 14GMm GMm GMm
a b C) — d
) R? ) R? ) 2R? ) R?
334. Assuming that the earth is a sphere of radius Rg with uniform density, the distance from its centre at

which the acceleration due to gravity is equal to%f— (g is the acceleration due to gravity on the surface of
earth) is
Rg 2R R
a) — b) == c) —
3 3 2
335. If v, and v, represent escape velocity and orbital velocity of a satellite corresponding to a circular orbit of

radius R, then

Rg
d)—E
]4

a) va=1, b) V2v, = v,
) v, = v, /V2 d) v, and v, are not related
336. The acceleration due to gravity near the surface of a planet of radius R and density d is proportional to
d 3 d
a) 7z b) dR c) dR d) =

337. A body of weight 500 N on the surface of the earth. How much would it weigh half-way below the surface
of the earth?
a) 125N b) 250 N c) 500 N d) 1000 N

338. Three identical bodies of mass M are located at the vertices of an equilateral triangle of side L. They
revolve under the effect of mutual gravitational force in a circular orbit, circumscribing the triangle while
preserving the equilateral triangle. Their orbital velocity is

i ﬂ b) 3GM 9 3GM d) 26M
L 2L L 3L

339. A satellite A of mass m is at a distance of r from the centre of the earth. Another satellite B of mass 2m is at
a distance of 2r from the earth’s centre. Their time periods are in the ratio of
a)l1:2 b)1:16 ¢) 1:32 d)1:2v2

340. A sphere of mass M and radius R, has a concentric cavity of radius Ry as shown in figure, The force F
exerted by the sphere on a particle of mass m located at a distance r from the centre of sphere varies as
(0<r <)

b) /\
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d)

;

r
341. A particle of mass m is thrown upwards from the surface of the earth, with a velocity u. The mass and the
radius of the earth are, respectively, M and R. G is gravitational constant and g is acceleration due to
gravity on the surface of the earth. The minimum value of u so that the particle does not return back to

earth, is
7 2GM 2GM 2gM
a) \JIZJT b) RZ c) T d) ?
342. The gravitational force between two point masses m, and m, at separation r is given by F = k%
The constant k
a) Depends on system of units only b) Depends on medium between masses only
c) Depends on both (a) and (b) d) Is independent of both (a) and (b)
343. At what height h above earth, the value of g becomes g/2? (R = radius of earth)
a) 3R b)VZ R o) (V2-1)R d]lR
V2
344, 1f a body describes a circular motion under inverse square field, the time taken to complete one revolution
T is related to the radius of the of the circular orbit is
a)Txr b) T o r? &)y TEor v d) T ocr*
345, The value of g on the earth’s surface is 980 cms ™2, Its value at a height of 64 km from the earth'’s surface is
a) 960.40 cms ™2 b) 984.90 cms 2 ¢) 982,45 cms ™2 d) 977.55 cms ™2
346. The atmosphere is held to the earth by
a) Winds b) Gravity c) Clouds d) None of the above

347. The value of escape velocity on a certain planet is 2 km s~!. Then, the value of orbital speed for a satellite
orbiting close to its surface is
a) 112 kms™?! b) 1 kms™! c) V2 Kms™! d) 2v/2 kms™*

348. A satellite with kinetic energy Ej, is revolving round the earth in a circular orbit. How much more kinetic
energy should be given to it so that it may just escape into outer space

1
a) Ej b) 2 E Q) 5By d) 3E,

349, Select the correct statement from the following
a) The orbital velocity of a satellite increases with the radius of the orbit
b) Escape velocity of a particle from the surface of the earth depends on the speed with which it is fired
¢) The time period of satellite does not depend on the radius of the orbit
d) The orbital velocity is inversely proportional to the square root of the radius of the orbit

350. Correct form of gravitational law is

Gmym, % Gmym, 5 Grmymy |

oz b]F=—T C]F=— 3 r d]ﬁ:—

Gmym,7
3
351. If the earth suddenly shrinks (without changing mass) to half of its present radius, the acceleration due to
gravity will be

a}F:-
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a) g/2 b) 4g c) g/4 d) 2g
352. Two bodies of masses 100 kg and 1000 kg are separated by distance of 1 m. What is the intensity of
gravitational field at the mid point of the line joining them?
a) 6.6 x 10"""Nm?kg™? b) 2.4 x 107 8Mkg™! ¢) 2.4 x 1077Nkg™? d) 2.4 x 107°Nkg™*
353. If r represents the radius of the orbit of a satellite of mass m moving around a planet of mass M, the

velocity of the satellite is given by

M GMm M M
a}u2=g? b) v? = C}U=T d]v2=-.?

354. When a satellite going round the earth in a circular orbit of radius r and speed v loses some of its energy,
then r and v change as
a) r and v both will increase b) r and v both will decrease
c) r will decrease and v will increase d) r will decrease and v will decrease
355. A person sitting on a chair in a satellite feels weightless because
a) The earth dose not attract the object in a satellite
b) The normal force by the chair on the person balances the earth’s attraction
c) The normal force is zero
d) The person in satellite is not accelerated
356. Assuming earth to be a sphere of radius R, if gs¢- is value of acceleration due to gravity at latitude of 30°
and g at the equator, the value of g — g5-is

1, 3 1
a}zmzﬁ' b]zmzﬁ c) w’R d) E‘”ZR
357. How high a man be able to jump on surface of a planet of radius 320 km, but having density same as that of

the earth if he jumps 5 m on the surface of the earth (Radius of earth = 6400 km)
a) 60m b) 80 m c) 100 m d) 120 m
358. The escape velocity of a sphere of mass m from earth having mass M and radius R is given by

26M GM 20Mm oM
a) |—— b sy C d) |—
) ’ = ]2’R ) = ) /R

359. The mass of a spaceship is 1000kg. [t is to be launched from the earth’s surface out into free space. The
value of g’ and 'R’ (radius of earth) are 10m/s? and 6400km respectively
a) 6.4 x 10! Joules b) 6.4 x 10% Joules c) 6.4 x 10° Joules d) 6.4 x 10 Joules
360. Mass M is divided into two parts xM 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
= b)= c) 1 d) 2
2 5
361. The changes in potential energy when a body of mass m is raised to a height nR from earth’s surface is

(R = radius of the earth)

2

n n n
mgR mgR _—
a) mg =1 b) mgR c) mg T+ D d) mgR It D)
362. 1f the earth stops rotating, the value of g at the equator
a) increases b) decreases c) no effect d) None of these

363. The escape velocity from the earth is 11.2 kms ~1. The escape velocity from a planet having twice the
radius and the same mean density is (in kms™")
a) 11.2 b) 5.6 c) 15 d) 22.4

364. What is the binding energy of earth-sun system neglecting the effect of other planets and satellites? (Mass
of earth M, = 6 x 10%*kg, mass of the sun M, = 2 x 10°%kg™?)
a) 8.8x10'7] b) 8.8 x 103 ] ¢} 5.2 % 10%3] d) 2.6 x 1033

365. If g is the acceleration due to gravity on earth’s surface, the gain of the potential energy of an object of
mass m raised from the surface of the earth to a height equal to the radius R of the earth is

1 1
a) 2mgR b) mgR c) Eng d) ngR

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)

Get More Learning Materials Here : & m @) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

366. An artificial satellite is moving in a circular orbit around the Earth. The height of the satellite above the
surface of Earth is K Suppose the satellite is stopped suddenly in its orbit and allowed to fall freely. On
reaching Earth, its speed will be
a) J/gR b) 2,/gR c) 3/gR d) 5/gR

367. Two spheres of mass m and M are situated in air and the gravitational force between them is F. The space
around the masses is now filled with a liquid of specific gravity 3. The gravitational force will now be

F F
F b)— - d) 3F
a) )3 )5 )
368. If the radius of earth's orbit is made 1/4t% then duration of an year will become
a) 8 times b) 4 times c) 1/8 times d) 1/4 times

369. The rotation period of an earth satellite close to the surface of the earth is 83 min. the satellite in a orbit at
a distance of three times earth radii from its surface will be
a) 83 min b) 83 x /8 min ¢) 664 min d) 249 min

370. Three weights w, 2w and 3w are connected to identical spring suspended from a rigid horizontal rod. The
assembly of the rod and weights fall freely. The positions of the weight from the rod are such that
a) 3w will be farthest b) w will be farthest
c) All will be at the same distance d) 2w will be farthest

371. A planet moving along an elliptical orbit is closest to the sun at a distance ry and farthest away ata
distance of ;. If ; and v, are the linear velocities at these points respectively. Then the ratio Aig

vz
T T- 2 T- T 2
a5 b) (2) I @) (2)
2 LS £
372. An astronaut orbiting the earth in a circular orbit 120 km above the surface of earth, gently drops a spoon
out of space-ship. The spoon will

a) Fall vertically down to the earth b) Move towards the moon
¢) Will move along with space-ship d) Will move in an irregular way then fall down to
earth
373. At some point the gravitational potential and also the gravitational field due to earth is zero. The speed is
a) On earth’s surface b) Below earth’s surface
c At a height R, from earth’s surface (R, = radius of d) At infinity
the earth)

374. A satellite is to revolve round the earth in a circle of radius 8000 km. The speed at which this satellite be
projected into an orbit, will be
a) 3 km/s b) 16 km/s c) 7.15 km/s d) 8 km/s

375. Two planets have radii r, and r, and densities d; and d, respectively. Then the ratio of acceleration due to
gravity on them will be
a) nydy:rpd; b) rdy:rod, ¢} ridyinkd; d)r:n

376. The maximum and minimum distances of a comet from the sun are 8 X 10?mand 1.6 x 1
velocity when nearest to the sun is 60 m/s, what will be its velocity in m/s when it is farthest
a) 12 b) 60 c) 112 d) 6

377. Radius of orbit of satellite of earth is R. Its kinetic energy is proportional to

01%m. If its

a) - b) E ’
R VR R3/2
378. R is the radius of the earth and w is its angular velocity and g,, is the value of g at the poles. The effective
value of g at the latitude A = 60° will be equal to

) R d)

1 3 1
a) Qp_ZRﬂJZ b) gpdszz c) ‘gp—,r‘?r.u.2 d) gp+ZRw2
379. The ratio of the radii of the planets P, and P, is a. The ratio of their acceleration due to gravity is b. The
ratio of the escape velocities from them will be

a) ab b) Vab c) Ja/b d)./b/a
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380. An artificial satellite of the earth moves at an altitude to h = 670 km along a circular orbit. The velocity of
the satellite is
a) 7.5 kms™1 b) 8.5 kms™?! c) 11.2 kms™?! d) 4.5 kms™!
381. Read the following statements
S, : An object shall weigh more at pole than at equator when weighed by using a physical balance
S, : It shall weigh the same at pole and equator when weighed by using a physical balance
S5 : It shall weigh the same at pole and equator when weighed by using a spring balance
S, : It shall weigh more at the pole than at equator when weighed using a spring balance
Which of the above statements is/are correct

a) S, and S, b) S, and S, c) §; and S5 d) S;and S,

382. If gravitational force on a body of mass 1.5 kg at point is 45N, then the intensity of the gravitational field at
that point is
a) 67.5 N kg™ b) 45 Nkg™! c) 30 N kg1 d) 15N kg™!

383. A spherical hollow is made in a lead sphere of radius R such that its surface touches the outside surface of
the lead sphere and passes through the centre. The mass of the lead sphere before hollowing was M. The
force of attraction that this sphere would exert on a particle of mass m which lies at a distance d(> R)
from the centre of the lead sphere on the straight line joining the centres of the sphere and the hollow is

GM m GMm
V= *) 5
)GMm S 1 d)GMml 1
C - -
dz i d.:.’. B 2z
8(1+2a!) B(l_ﬁ)

384. A geostationary satellite is orbiting the earth at the height of 6 K above the surface of earth, R being radius
of earth. The time period of another satellite at a height of 2.5 A from the surface of earth, is

a)10h 6 c)6h
b)—=h d
b= )6vZh
385. The kinetic energy needed to project a body of mass m from the earth surface (radius R) to infinity is
a) mgR/2 b) 2 mgR c) mgR d) mgR/4

386. The effect of rotation of the earth on the value of acceleration due to gravity is
a) g is maximum at the equator and maximum at the poles
b) g is minimum at the equator and maximum at the poles
c) g is maximum at the both poles
d) g is minimum at the both poles
387. If Wy, W; and W5 represent the work done in moving a particle from A to B along three different paths 1,2

and 3 respectively (as shown) in a gravitational field of point mass m, then
A 3

B
AW, =W,=W, b) W; > W, > Wy c) W, > W, <W; d) W, <W; < W,
388. A satellite revolves around the earth in an elliptical orbit. Its speed
a) Is the same at all points in the orbit
b) Is greatest when it is closest to the earth
c) Is greatest when it is farthest from the earth
d) Goes on increasing or decreasing continuously depending upon the mass of the satellite
389. The height at which the acceleration due to gravity becomes ‘% (where g = the acceleration due to gravity

on the surface of the earth) in terms of &, the radius of the earth, is
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a) 2R b= Sk a) V2R
390. A geostationary satellite
a) Revolves about the polar axis b) Has a time period less than that of the near earth
satellite
¢) Moves faster than a near earth satellite d) Is stationary in the space

391. In a certain region of space gravitational field is given by /(K7). Taking the reference point to be atr = 4,
find the potential.

r o r T
a) Klog—+V, b) K log— + V, c) Klog——Vy d) log——Vqyr
o r To o
392. If mass of a body is M on the earth surface, then the mass of the same body on the moon surface is
a)M/6 b) Zero c)M d) None of these
393. The time period of a simple pendulum on a freely moving artificial satellite is
a) Zero b) 2 sec c) 3 sec d) Infinite

394, The Earth is assumed to be a sphere of radius R. A platform is arranged at a height R from the surface of
the Earth. The escape velocity of a body from this platform is fv, where v is its escape velocity from the
surface of the Earth. The value of f is

1 1 1
a) 3 b) 3 c) V2 d) VZ
395. The mass of the moon is 7.34 x 10%? kg and the radius is 1.74 X 10°m. the value of gravitational field
intensity will be
a) 1.45 Nkg™* b) 1.55 Nkg~? ) 1.7 Nkg~* d) 1.62 Nkg~!
396. At the surface of a certain planet, acceleration due to gravity is one-quarter of that on earth. If a brass ball

is transported to this planet, then which one of the following statements is not correct
a) The mass of the brass ball on this planet is a quarter of its mass as measured on earth

b) The weight of the brass ball on this planet is a quarter of the weight as measured on earth
c) The brass ball has the same mass on the other planet as on earth
d) The brass ball has the same volume on the other planet as on earth
397. Assuming earth to be a sphere of a uniform density, what is the value of gravitational acceleration in a min
100 km below the earth’ surface (Given R = 6400 km)

a) 9.66 m/s? b) 7.64 m/s? c) 5.06 m/s? d) 3.10 m/s?
398. When of the following graphs correctly represents the variation of g on earth?
g g4
JZANEEEIRN
R r S ]

399. 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 d) None of these
gravitational field
400. The radius of a planet is 1/4 of earth’s radius and its acceleration due to gravity is double that of earth’s
acceleration due to gravity. How many times will the escape velocity at the planet's surface be as
compared to its value on earth's surface

1 d) 2
a) — b) V2 c) 2v2
) NG )V2 ) 2v2
401. If distance between earth and sun become four times, then time period becomes
a) 4 times b) 8 times c) 1/4 times d) 1/8 times

402. If suppose moon is suddenly stopped and then released (given radius of moaon is one-fourth the radius of
earth)and the acceleration of moon with respect to earth is 0.0027 ms™2), then the acceleration of the
moon just before striking the earth’s surface is (Take g = 10 ms™?)
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a) 0.0027 ms™2 b) 5.0 ms™? c) 6.4 ms™? d) 10 ms™?
403. A satellite is moving around the earth with speed v in a circular orbit of radius r. If the orbit radius is
decreased by 1%, its speed will
a) Increase by 1% b) Increase by 0.5% c) Decrease by 1% d) Decrease by 0.5%
404. The orbit of geostationary satellite is circular, the time period of satellite depends on
(i) mass of the satellite
(ii) mass of the earth
(iii) radius of the orbit
(iv) height of the satellite from the surface of earth
Which of the following correct?
a) (i) only b) (i) and (ii) c) (i), (ii) and (iii) d) (ii), (iii) and (iv)
405. The condition for a uniform spherical mass m of radius r to be a black hole is [G = gravitational constant
and g = acceleration due to gravity|
a) (26m/r)/? < ¢ b) (26m/r)'? =¢ c) 26m/r)V? = ¢ d) (gm/r)'? > ¢
406. Two point masses A and B having masses in the ratio 4:3 are separated by a distance of 1 m. When another
point mass C of mass M is placed in between A and B, the force between 4 and C is % rd of the force

between B and C. Then the distance of € from 4 is

a}%m b]%m C}%_-m d]%m
407. The distance between centre of the earth and moon is 384000 km. If the mass of the earth is 6 x 10%* kg
and G = 6.66 X 107**Nm?/kg®. The speed of the moon is nearly
a) 1km/sec b) 4 km/sec c) 8 km/fsec d) 11.2 km/sec
408. A rocket is sent vertically up with a velocity v less than the escape velocity from the earth, Taking M and r

as the mass and radius of earth, the maximum height h attained by the rocket is given by the following

expression
a) v2R?/ (2GR — Mv) b) v?R?/ (2GR + v*R)
¢) v?R?/ (2GR — v*R) d) v2R?/ (2GRv + RM)

409. The ratio of radii of earth to another planet is %and the ratio of their mean densities is %‘ [fan astronaut

can jump to a maximum height of 1.5 m on the earth, with the same effort, the maximum height he can
jump on the planet is
a)lm b) 0.8 m c) 0.5 m d) 1.25m

410. A body is acted upon by a force towards a point. The magnitude of the force is inversely proportional to
the square of the distance, The path of body will be
a) Ellipse b) Hyperbola c) Circle d) Parabola

411. The change in the value of g at a height h above the surface of the earth is the same as at a depth d below
the surface of earth. When both d and h are much smaller than the radius of earth, then which one of the

following is correct?

3}d:§ b]d:% ¢)d =2h d)d=h

412. A satellite of mass m is placed at a distance r from the centre of earth (mass M). The mechanical energy of

the satellite is

GM GM GM 6M
a2 b) 1 o 1 d) — 21
r r 2r 2r

413. The time period of an earth satellite in circular orbit is independent of
a) The mass of the satellite
b) Radius of its orbit
c) Both the mass and radius of the orbit
d) Neither the mass of the satellite nor the radius of its orbit
414. An artificial satellite is moving in a circular orbit around the earth with a speed equal to half the magnitude
of escape velocity from the earth. The height of the satellite above the earth’s surface will be
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a) 6000 km b) 5800 km c) 7500 km d) 6400 km

415, Spot the wrong statement;

The acceleration due to gravity 'g’ decreases if

a) We go down from the surface of the earth towards its centre

b) We go up from the surface of the earth

c) We go from the equator towards the poles on the surface of the earth
d) The rotational velocity of the earth is increased

416. A satellite is revolving around the earth with a kinetic energy £. The minimum addition of kinetic energy
needed to make it escape from its orbit is
a) 2k b) VE c) Ef2 d) E

417. How much energy will be necessary for making a body of 500 kg escape from the earth [ g = 9.8 ms™2,
radius of earth = 6.4 X 10°m|
a) About 9.8 x 10°] b) About 6.4x 10°] ¢) About 3.1 x 10'9] d) About 27.4 x 10'?]

418. The gravitational potential difference between the surface of a planet and a point 20 m above itis
14 Jkg~'. The work done in moving a 2.0 kg mass by 8.0 m on a slop of 60° from the horizontal is equal to
a) 7] b)9.6] c) 16] d) 32]

419. The radius of the earth is about 6400 km and that of the mars is 3200 km. The mass of the earth is about
10 times the mass of the mars. An object weighs 200 N on the surface of earth, its weight on the surface of
mars will be
a)8N b) 20N c) 40N d) 80N

420. In a certain region of space, the gravitational field is given by - k/r, where r is the distanceand k isa
constant. If the gravitational potential at r = r, be I, then what is the expression for the gravitational
potential V?

a) klog(r/ry) b) k log(ry/T) c) Vo + klog(r/ry) d) Vy + klog(ry/m)

421. A satellite of mass m is circulation around the earth with constant angular velocity. If radius of the orbit is

Ry and mass of the earth M, the angular momentum about the centre of the earth is

a) m/GMR, b) M,/GMR, ) m ’i—M d) M ‘(;—M
0 0]

422. An iron ball and a woaden ball of the same radius are released from a height 'h’ in vacuum. The time taken
by both of them to reach the ground is

a) Unequal b) Exactly equal c) Roughly equal d) Zero
423. If then radius of earth R, then the height h at which the value of g becomes one-fourth, will be
R 3R 3R R
a)— b) — c) — d) =
) 8 ) 8 ) 4 ) 2
424. Which of the following astronomer first proposed that sun is static and earth rounds sun
a) Copernicus b) Kepler ¢) Galileo d) None

425. The acceleration due to gravity increase by 0.5 % when we go from the equator to the poles. What will be
the time period of the pendulum at the equator which beats seconds at the poles?
a) 1.950s b) 1.995 s c) 2.050s d) 2.005 s

426. 1f the height of a satellite from the earth is negligible in comparison to the radius of the earth R, the orbital
velocity of the satellite is

a) gR b) gR/2 c) J/a/R d) /gR
427. 1f the earth were to suddenly contract tn% th of its present radius without any change

in its mass, the duration of the new day will be nearly
a) i b) 24n h c) %h d) 24nh
n n
428. A person will get more quantity of matter in kg-wt at
a) Poles b) at latitude of 60° c) Equator d) Satellite
429, As we go from the equator to the poles, the value of g
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a) Remains the same b) Decreases

c) Increases d) Decreases upto a latitude of 45°

430. The mass of the moon is ;—101“ the earth but the gravitational pull is % of the earth. It is due to the fact that
a) The radius of the moon is%of the earth b) The radius of the earth is \%of the moon
c) Moon is the satellite of the earth d) None of the abave

431. A spherical planet has a mass Mp and diameter Dp. A particle of mass m falling freely near the surface of
this planet will experience an acceleration due to gravity, equal to
a) 4GMp/D§ b) GMpm/Dj ¢) GMp/Dj d) 4GMpm/Dg

432. A 20 cm long capillary tube is dipped in water. The water rises upto 8 cm. if entire arrangement is putin a
freely falling elevator lengths of water column in the capillary tube will be
a) 4 cm b) 8cm c) 10 cm d) 20 cm

433. 320 km above the surface of earth, the value of acceleration due to gravity is nearly 90% of its value on the
surface of the earth. Its value will be 95% of the value on the earth’s surface
a) Nearly 160 km below the earth's surface
b) Nearly 80 km below the earth’s surface
c) Nearly 640 km below the earth’s surface
d) Nearly 320 km below the earth’s surface

434, Two identical solid copper spheres of radius R are placed in contact with each other. The gravitational
attraction between them is proportional to
a) R? by R2 c) R* d)RrR™*

435. The moon’s radius is 1/4 that of the earth and its mass is 1/80 times that of the earth. If g represents the
acceleration due to gravity on the surface of the earth, that on the surface of the moon is
a) g/4 b) g/5 c) g/6 d) g/8

436. Which of the following statement about the gravitational constant is true?
a) Itisa force
b) It has no unit
c) It has same value in all system of units
d) It does not depend on the nature of the medium in which the bodies are kept

437. At a given place where, acceleration due to gravity is g ms~2, a sphere of lead of density d kgm™ is gently
released in a column of liquid of density p kgm™3.1f d > p, the sphere will
a) Fall vertically with an acceleration of g ms ™2 b) Fall vertically with no acceleration

¢) Fall vertically with an acceleration g(?) d) Fall vertically with an acceleration p/d

438. Two metallic spheres each of mass Mare suspended by two strings each of length L. The distance between
the upper ends of strings is L. The angle which the strings will make with the vertical due to mutual
attraction of the spheres is

M
a)tan! [E] b) tan™?

M o, [eM _y [2GM
m] c) tan E] d) tan [.EJLZ]
439. The bodies situated on the surface of earth at its equator, becomes weightless, when the earth has KE
about it axis
a) mgR b) 2 mgR/5 c) MgR/5 d) 5MgR /2
440. Imagine a new planet having the same density as that of earth but it is 3 times bigger than the earth in size.
If the acceleration due to gravity on the surface of earth is g and that on the surface of the new planetis g’,
then
a)g' =12y b) g' =3y c)g' =4y d)g' =5y
441. A geostationary satellite is orbiting the earth at a height of 5R above the surface of the earth, R being the
radius of the earth. The time period of another satellite in hours at a height of 2R from the surface of the
earth is
a)5 b) 10

c) 6v2 d) %
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442. According to Kepler, the period of revolution of a planet (T') and its mean distance from the sun (r) are
related by the equation
a) T3r? = constant b) T?r~3= constant c) Tr? = constant d) T?r = constant

443. The mass of the earth is 6.00 x 10?2 kg. The constant of gravitation g = 6.67 x 10"**"Nm?kg~2. The
potential energy of the system is —7.73 x 10%® |. The mean distance between earth and moon is
a) 3.80 x 10%m b) 3.37 x 10°m ¢) 7.60 x 10*m d) 1.90 x 10°m

444, A satellite S is moving in an elliptical orbit around earth. The mass of the satellite is very small compared
to the mass of the earth?
a) The acceleration of S is always directed towards the centre of the earth
b) The angular momentum of § about the centre of the earth changes in direction but its magnitude

remains constant
c¢) The total mechanical energy of S varies periodically with time

d) The linear momentum of § remains constant in magnitude
445. The orbital velocity of the planet will be maximum at

A

TN
N

a) 4 b) B o s d) D

446. Two spheres of radius r and 2r are touching each other. The fore of attraction between them is
proportional to
a) re b) r* g) p2 d)r—2

447. The satellite of mass m revolving in a circular orbit of radius r around the earth has kinetic energy £. Then
its angular momentum will be

a) i b) £ c) /2 Emr2 d) V2 Emr

mr2 2mr?

448. A rocket is launched with velocity 10 km/s. If radius of earth is R, then maximum height attained by it will
be
a) 2R b) 3R c) 4R d) 5R

449, Which of the following graphs between the square of the time period and cube of the distance of the planet
from the sun is correct?

By

o T

r? T
a) \ b) i ) ’ i ) \

450. The speed of earth’s rotation about its axis is w. Its speed is increased to x times to make the effective
acceleration due to gravity equal to zero at the equator, then x is around (g = 10ms~2, R = 6400 km)
a)1l b) 8.5 c) 17 d) 34
451. For a body lying on the equator to appear weightless, what should be the angular speed of the earth?(Take
g = 10ms~2; radius of earth = 6400 km)
a) 0.125 rads™! b) 1.25 rads™? c) 1.25 x 10~ %rads™? d) 1.25 x 10~ ?rads ™"
452. A thief stole a box full of valuable articles of weight w and while carrying it on his head jumped down from
a wall of height h from the ground. Before he reaches the ground, he experienced a load
a) Zero by w/2 c)w d 2w
453. Where can a geostationary satellite be installed
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a) Over any city on the equator b) Over the north or south pole
c) At height R above earth d) At the surface of earth
454. If g is the acceleration due to gravity on the surface of earth, its value at a height equal to double the radius
of earth is
2) g b) 3 a4 g
455. If both the masses and radius o the earth, each decreases by 50%, the acceleration due to gravity would
a) Remain same b) Decrease by 50% c) Decrease by 100% d) Increase by 100%

456. The acceleration due to gravity on a planet is same as that on earth and its radius is four times that of
earth. What will be the value of escape velocity on that planet if it is v, on earth

UE
a) v, b) 2v, c) 4v, d) 3>
457. The velocity with which is projectile must be fired so that it escapes earth’s gravitation does not depend on
a) Mass of the earth b) Mass of the projectile
¢) Radius of the projectile’s orbit d) Gravitational constant

458. A satellite is revolving round the earth in an orbit of radius r with time period T. If the satellite is revolving

round the earth in an orbit of radius r + Ar(Ar <« r) with time period T + AT (AT <« T) then
AT 3A AT  2A AT A AT A
B e ) [ GoE_ I o= =2t
T 2% T 3r T T T r
459. If different planets have the same density but different radii, then the acceleration due to gravity on the
surface of the planet is related to the radius (R) of the planet as
1 1
a) g x R? b)g < R c) g ot — d) g oc—
)g )8 ) g oo g%
460. Three particles each of mass m rotate in a circle of radius » with uniform angular speed w under their
mutual gravitational attraction. If at any instant the points are on the vertex of an equilateral of side L,

then angular velocity w is

b) 3Gm A 5Gm d) G_nl
‘ L3 13 L3

461. Pick out the most correct statement with reference to earth satellites
a) Geostationary satellites are used for remote sensing
b) Polar satellites are used for telecommunications
c) INSAT group of satellites belong to geostationary satellites
d) Polar satellites are at a height of about 36,000 km

462. The value of "g’ at a particular point is 9.8 m/s?. Suppose the earth suddenly shrinks uniformly to half its
present size without losing any mass. The value of 'g’ at the same point (assuming that the distance of the
point from the centre of earth does not shrink) will now be

a) 4.9 m/sec? b) 3.1 m/sec? ¢) 9.8 m/sec? d) 19.6 m/sec?

463. The potential energy of 4-particalse each of mass 1 kg placed at the four vertices of a square of side length
Imis
a) +4.0G b) -7.5G c) —54G d) +6.3G

464. Three identical bodies of mass M are located at the vertices of an equilateral triangle of side L. They
revolve under the effect of mutual gravitational force in a circular orbit, circumscribing the triangle while
preserving the equilateral triangle. Their orbital velocity is
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a) M b) 3GM ) 3GM d) 2GM
L 2L L 3L

465. Two bodies of masses my and m, are initially at rest at infinite distance apart. They are then allowed to
move towards each other under mutual gravitational attraction. Their relative velocity of approach ata
separation distance r between them is

(my, —my) 1/2 26 1/2 r
a) [2(; %] b) [? (my + mz)] ) [2G(m1m2)

466. The escape velocity of an object on a planet whose g value is 9 times on earth and whose radius is 4 times
that of earth in km/s is
a) 67.2 b) 33.6 c) 16.8 d) 25.2

467. A satellite is placed in a circular orbit around earth at such a height that it always remains stationary with
respect to earth surface. In such case, its height from the earth surface is
a) 32000 km b) 36000 km c) 6400 km d) 4800 km

468. Periodic time of a satellite revolving above Earth’s surface at a height equal to R, radius of Earth, is
[g is acceleration due to gravity at Earth's surface]

a) ZKJZ—TQ- b) "-h%ﬁ c) ZHF d) Bn\/E
g g g g

469. According to Kelper’s law of planetary motion if T represent time period and r is orbital radius, then for
two planets these are related as

1/2 26 1/2
d) Tnfmnz]

@G wE-r e@-)  o@-E)
W T2 T, Ty i 2 Iy T2

470. If a new planet is discovered rotating around the sum with the orbital radius double that of earth, then
what will be its time period (in earth’s days)?
a) 1032 b) 1023 c) 1024 d) 1043

471. 1f a planet was suddenly stopped in its orbit, k suppose to be circular, find how much time will it take in
falling onto the sun?
a) +/2/8 times the period of the planet’s revolution
b) 4v/Z times the period of the planet’s revolution
c) 3vZ times the period of the planet’s revolution
d) 9 times the period of the planet’s revolution

472, If Gravitational constant is decreasing with time, what will remain unchanged in case of a satellite orbiting
around earth
a) Time period b) Orbiting radius c) Tangential velocity d) Angular velocity

473. A research satellite of mass 200 kg circles the earth in an orbit of average radius 3R/2 where R is the
radius of the earth. Assuming the gravitational pull on a mass of 1 kg on the earth's surface to be 10 N, the
pull on the satellite will be
a) 880 N b) 889 N c) 890 N d) 892 N

474. A point P(RV3, 0,0) lies on the axis of a ring of mass M and radius R. The ring is located in y — z plane with
its centre at origin 0. A small particle of mass m starts from P and reaches 0 under gravitational attraction
only. [ts speed at O will be

GM ’Gm ’GM 'Gm
— b) |— — —
o R ) R & 2R Y 2R

475. Weight of a body of mass m decreases by 1% when it is raised to height h above the earth’s surface. If the
body is taken on a depth k in a mine, change in its weight is
a) 0.5% decrease b) 2% decrease ¢) 0.5% increase d) 1% increase
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476. A satellite of the earth is revolving in a circular orbit with a uniform speed v. If the gravitational force
suddenly disappears, the satellite will
a) Continue to move with velocity v along the original orbit
b) Move with a velocity v, tangentially to the original orbit
c) Fall down with increasing velocity
d) Ultimately come to rest somewhere on the original orbit

477. A body is released from a point distance r from the centre of earth. If R is the earth and r > R, then the
velocity of the body at the time of striking the earth will be

a) VR b) y2gR c) ff}; d) 'M

478. A clock § is based on oscillation of a spring and clock P is based on pendulum motion. Both clock run at the
same rate on earth. On a planet having the same density as earth but twice the radius,
a) S will run faster than P
b) P will run faster than §
c) Both will run at the same rate as on the earth
d) Both will run at the same rate which will be different from that on the earth

479. A solid sphere of uniform density and radius r applies a gravitational force of attraction equal to Fyon a
particle placed at P, distance 2R from the centre () of the sphere. A spherical cavity of radius R/2 is now
made in the sphere as shown in figure. The sphere with cavity now applied an gravitational force F, on
same particle placed at P. The ratio F;/F; will be

e R—=s P

a) 1/2 b)7/9 ¢) 3 d) 7

480. The escape velocity of a body from earth’s surface is v,. The escape velocity of the same body from a height

equal to 7R from earth'’s surface will be
b Ve Ve
)= 9

v,
A7 2v2

481. Select the proper graph between the gravitational potential (v,) due to hollow sphere and distance ()

d)=

from its centre

'I’S,

Vg Ve . R _
a) \ b) / J J '

482. What should be the angular speed of earth in rad ™! so that a body 5kg weighs zero at the equator? (Take g
= 10 ms~? and radius of earth = 6400 km)

a) 1/1600 b) 1/800 c) 1/400 d) 1/80
483. The work that must be done in lifting a body of weight P from the surface of the earth to a height h is
PRh R+h PRh R—h
2) —— b) - Q) d)——=
R—h PRh R+h PRh
484. The diagram showing the variation of gravitational potential of earth with distance from the centre of
earth is

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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485. An artificial of mass ‘m’ revolves around the earth near to its surface then its binding energy is [R,, g are
radius and acceleration due to gravity respectively of the earth]

1 1
a) 5mg R, b) —5mg R, c) mg R, d) -mg R,

486. If the radius of the earth shrinks by 1%, its mass remaining same, the acceleration due to gravity on the
surface of earth will

a) Decrease by 2% b) Decrease by 0.5% c) Increase by 2% d) Increase by 0.5%
487. Weight of a body is maximum at
a) Moon b) Poles of earth c) Equator of earth d) Centre of earth

488. Kepler's second law states that the straight line joining the planet to the sun sweeps out equal times. This
statement is equivalent to saying that

a) Total acceleration is zero b) Tangential acceleration is zero
c) Longitudinal acceleration is zero d) Radial acceleration is zero
489. What does not change in the field of central force
a) Potential energy b) Kinetic energy ¢) Linear momentum d) Angular momentum

490. There is a mine of depth about 2.0 km. In this mine the conditions as compared to those at the surface are
a) Lower air pressure, higher acceleration due to gravity
b) Higher air pressure, lower acceleration due to gravity
c) Higher air pressure, higher acceleration due to gravity
d) Lower air pressure, lower acceleration due to gravity
491. The periodic time of a communication satellite is
a) 6 hours b) 12 hours c) 18 hours d) 24 hours
492. A satellite is orbiting around the earth. By what percentage should we increase its velocity, so as to enable
it escape away from the earth?
a) 41.4% b) 50% c) 82.8% d) 100%

493. The weight of an object in the coal mine, sea level, at the top of the mountain are W, W, and W;
respectively, then
a) W, < W, > W b) Wy = W, = Ws )W, <W, <Ws AW, > W, > W,
494, The orbital velocity of an artificial satellite in a circular orbit just above the earth’s surface is V. For a
satellite orbiting at an altitude of half of the earth’s radius, the orbital velocity is

2)3v b]ﬁv ) \EV a3

495. Potential energy of a satellite having mass ‘'m’ and rotating at a height of 6.4 X 10°m from the earth
surface is
a) —0.5 mgR, b) —mgR, c) —2mgR, d) 4 mgR,

496. Two equal masses m and m are hung from a balance whose scale pan differs in vertical height by h/2. The
error in weighing in terms of density of the earth p is

a) %T[Gpmh b) nGpmh c) ;ﬂGpmh d) %Gpmh

497. The height at which the weight of a body becomes 1/16%, its weight on the surface of earth (radius R), is
a) 5R b) 15R c) 3R d) 4R

498. The mass of a planet that has a moon whose time period and orbital radius are T and R respectively can be
written as
a) 4m?R3G 1T 2 b) 8n2R3GIT~? ¢) 12w2R3G-1T2 d) 16m?R3G~1T2

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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499. If the mass of earth is 80 times of that of a planet and diameter is double that of planet and 'g’ on earth is
9.8m/s?, then the value of "¢’ on that planet is
a) 4.9 m/s? b) 0.98 m/s? ¢) 0.49 m/s? d) 49 m/s?

500. Escape velocity on a planet is v,. If radius of the planet remains same and mass becomes 4 times, the
escape velocity becomes

1
a) 4v, b) 2v, c) v, d) 2 Ve

501. A point mass m is placed inside a spherical shell of radius R and mass M. at a distance R/2 from the centre

of the shell. The gravitational force exerted by the shell on the point mass is
) GMm GMm C] Zero GMm
a

PE b) — e d) 4 2

502. Orbital velocity of earth’s satellite near the surface is 7 km/s. When the radius of the orbit is 4 times than
that of earth’s radius, then orbital velocity in that orbit is
a) 3.5 km/s b) 7 km/s c) 72 km/s d) 14 km/s

503. A body is orbiting very close to the earth’s surface with kinetic energy KE. The energy required to
completely escape from itis

a) KE b) 2 KE c) % d) %

504. At what depth below the surface of the earth, acceleration due to gravity g will be half its value 1600 km
above the surface of the earth
a) 4.2 x10°m b) 3.19 x 10%m ¢) 1.59 x 10°m d) None of these

505. Two bodies of masses m and 4m are placed at a distance r. The gravitational potential at a point on the
line joining them where the gravitational field is zero is

a) _4m b) — 66m 0) _9Gm d) zero
r r r
506. Geostationary satellite
a) Falls with g towards the earth b) Has period of 24 hrs
c¢) Has equatorial orbit d) Above all correct
507. One can easily “weight the earth” by calculating the mass of earth using the formula (in usual notation)
) R} b) £ R} ) 2R, e

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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GRAVITATION

: ANSWER KEY :

I i
| |
| |
| |
| I
i I
I |
| 1
I I
I i
| i
| |
| i
| |
I I
I I
i I
1 1
| 1
I I
1) 2) b 3 4) al157) 4 158) c 159) d  160) d |
| 5) C 6) b 7) C 8) all61) b 162) a 163) ¢ 164) a I
L9 ¢ 10) a 11) a 12) c|165) b 166) ¢ 167) b  168) b |
I 13) ¢ 14) b 15 ¢ 16) c¢|169) ¢ 170) ¢ 171) b 172) ¢ I
l 179 ¢ 18) b 199 d 200 d|173) ¢ 174) a 175) 4 176) d |
I 21) b 22) b 23) b 24) d|177) b 178) d 179) a 180) ¢ I
: 25) a 26) 27) d 28) bl|181) d 182) b 183) ¢ 184) b -
I 29) d 300 d 31) b  32) c|185) a 186) b 187) b  183) b |
1 33) b 34 ¢ 35) ¢ 36) al189) b 190) b 191) ¢ 192) d |
I 37) b 38 a 399 b 40) b|193) 1949 b 195\ b 196) b |
L 41) 42) ¢ 43) 44) d|197) 198) d 199) a 2000 b |
I 45 a  46) b 47) ¢ 48) c¢|200) b 202) b  203) b  204) d |
1 49) a 50) ¢ 51) b 52) d[205) d 206) ¢ 207) ¢ 208) b :
I 53) ¢ 54) d 55 a 56) b|209) a  210) ¢ 211) ¢ 212) b |
1 57 ¢ 58) ¢ 59) b 60) c|213) c 214) a  215) a  216) d |
I 61) a 62) d 63) d 64 al217) ¢ 218) ¢ 219) b 220) I
l 655 d 66 b 67) d 68 «c|221) b 222) b 223) 4 224) b |
I 69 b 70) a 71) ¢ 72) al225) a 226) b 227) a 228) a |
L 73) ¢ 74) a 75) b  76) bl|229) d  230) b 231) ¢ 232) a |
I 777 d 78 d 79) a 80) «c|233) 4 234) b 235 ¢ 236) I
I 81 ¢ 82) d 83) d 84) al237) a 238) d  239) a  240) d |
I 85 o« 8) b 87 b 83 «cl|241) b  242) ¢ 243) ¢ 244) b |
1 89) ¢ 9) b 91) a  92) al245) c 246) b 247) ¢ 248) d |
I 93) b 94 ¢ 95) d  96) b|249) b  250) a 251) 4 252) b |
1 97) ¢ 98) b 99) b  100) b[253) b  254) b 255 b  256) a |
I 101) b  102) b  103) d  104) b|257) a  258) ¢ 259) a  260) c I
1 105) « 106) a 107) d  108) c|261) d 262) d 263) b 264) b |
L 109) 110) a 111) 112) b|265) c 266) a  267) b 268) c !
| 113) 4 114) b 115 d  116) c|269) ¢ 270) b 271) a 272) ¢ :
I 17 b 18 ¢ 119) d  120) b|273) b 274) b 275) a  276) c !
I 121) ¢ 122) ¢ 123) a 124) d|277) b 278) a 279) ¢ 280) b |
| o125) ¢ 126) b 127) a 128) b|281) a 282) d  283) c 284) a |}
| 1290 d 130) 4  131) a 132) c(285) b  286) b  287) b  288) a
L 133) ¢ 13) d 135 b  136) a[289) d 290 b  291) a  292) a !
I 137 ¢ 138) 139) b 140) d|293) ¢ 294) d  295) c 296) d
L 141 o 142) d  143) a 144) b|297) a 298) 299) d  300) b |
| 145) b 146) a 147) a 148) ¢|301) ¢ 302) d 303) b 304) a
| 149) 4@ 1500 b 151) b 152) a[305) a 306) d 307) b 308) c !
| 153) d  154) ¢ 155) ¢ 156) a|309) b  310) d  311) a  312) a |
| I
| |
I |
| |
| I
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313) ¢ 314) ¢ 315) a 316) c|413) a 414) d 415) ¢ 416) d
317) ¢ 318) d 319) d 320) b|417) c 418) b 419) d 420) c
321) ¢ 322) ¢ 323) a 324) cl|421) a 422) b 423) b 424) a
325) ¢ 326) ¢ 327) a 328) c|425) d 426) d 427) ¢ 428) c
329) ¢ 330) a 331) ¢ 332) c|429) ¢ 430) b 431) a 432) d
333) b 334) a 335) b 336) c|433) d 434) ¢ 435) b 436) d
337) b 338) a 339) d 340) b|437) c 438) ¢ 439) ¢ 440) b
341) ¢ 342) a 343) ¢ 344) c|441) c 442) b 443) a 444) a
345) a 346) b 347) ¢ 348) a|445) c 446) d 447) ¢ 448) c
349) d 350) d 351) b 352) c|449) c 450) ¢ 451) ¢ 452) a
353) d 354) c 355) ¢ 356) b|453) a 454) d 455) d 456) b
357) ¢ 358) a 359) d 360) al|457) b 458) a 459) b 460) b
361) c 362) a 363) d 364) d|461) c 462) c 463) ¢ 464) a
365) ¢ 366) a 367) a 368) c|465) b 466) a 467) b 468) b
369) c 370) ¢ 371) ¢ 372) c|469) d 470) a 471) a 472) ¢
373) d 374) ¢ 375) a 376) a|473) b 474) a 475) a 476) b
377) a 378) a 379) b 380) al477) d 478) b 479) b 480) c
381) d 382) ¢ 383) d 384) d|481) c 482) b 483) ¢ 484) c
385) ¢ 386) a 387) a 388) b|485) a 486) ¢ 487) b 488) b
389) a 390) a 391) a 392) c¢|489) d 490) b 491) d 492) a
393) d 394) d 395) d 396) a|493) a 494) ¢ 495) a 496) ¢
397) a 398) a 399) a 400) a|497) c 498) a 499) ¢ 500) b
401) b 402) ¢ 403) b 404) d|501) c 502) a 503) a 504) a
405) ¢ 406) a 407) a 408) c¢|505) c 506) d 507) b

409) c 410) a 411) c 412) d
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GRAVITATION

: HINTS AND SOLUTIONS :

(<)

It is self-evident that the orbit of the comet is
elliptic with sun begin at one of the focus. Now, as
for elliptic orbits, according to kepler’s third law,

, _ 4n?a3 (Tzsm)m
T = =da=

GM 42
(76 x 3.14 x 107) x 6.67 x 10-1*7"/*
= x 2 x10'°
“T 42

But in case of ellipse,
2a = Tmin T Tmax
S Ve = 20— T = 2% 2.7 %10 =89 x'10%
=53 x10%m
(b)
GM

Acceleration due to gravity g = —, M

- (o)

3
4G nR3
973 e
4GmR
= 9=( 3 )p (p
= average density)
= geporpeg
(<)

GM L2
=_zandK =—

If mass of the earth and its angular momentum
remains constant then g « R—Zand K « RLE

i.e., if radius of earth decreases by 2% then g and
K both increases by 4%

()

Acceleration due to gravity at a height above the
earth surface

nk

R 2
g :g(R+h)
g R+ h\?
g \ R
g _ R—I—nR)z
g \ R
g
—,:(14-?’1)2
g

(@

Gravitational potential

1. T
V= GM(—+—+—+---)
n 3

—Gx1(1+1+1+1+1+ )
- 1 2 4 8 16 '

ik 1 - - —
=G (1_1/2) ( sum of GP =
a
T-F)
=2G
(b)
e Repe 2 4 8e
_— ==X==6or = —
&n  RmPm 3 1 &m =g

For motion on earth, using the relation,
1 5
S=ul +—at
We have,~=0+-x98r% or t=1/y98s

For motion on moon, 3 = 0 + % (9.8/6)tf

ort; = 6v98s ~ t—: =6or t; =6t
(9
Escape velocity,
2GM
Vascape = T
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| I
1 I
| I
| 1
: 8 Weight of body at height above the earth’s :
| =R |=mGp surface is I
1 3 w 1
: . v, o R if p = constant. v (1 +£)2 :
1 Since the planet is having double radius in a0 r i
: comparision to earth, therefore escape velocity e 40 = ——— :
: becomes twice ie, 22 kms ™. (1 + g) :
! 8 (a — h =041r !
I v, M, Re 1 . _ 19 (d) I
1 E= 2Ex—S= [6x-=v3 « Vp = V3, As we know gas molecules cannot escape from 1
I Ve M, R, 2 I
| - earth’s atmosphere because their root mean i
: () square velocity is less than escape velocity at :
I Ve _ G Re  —— == earth’s surface. If we fill this requirement, then 1
: Uy |ImAm ™ 610 = V60 = 8 (nearly) gas molecules can escape from earth'’s :
I 13 () atmosphere. 1
: Gravitational potential energy of a body in the & Vrms = Ves :
I S X _ —GMm i
tational field, £ = . Wh d 3RT
I gravitational fie = enr decreases or = m i
: negative value of E increase ie, E decreases :
I 14 (b) 2MgR, ; I
or T = i
: Actually gravitational force provides the 3R @ :
I centripetal force Given, M=2x10"kg g=98ms™? "
: 15 (¢) R, = 6.4 x 10°m,R = 8.31 Jmol !-K™! :
I The earth moves around the sun is elliptical path, Substituting in Eq. (i), we have ;
: so by using the properties of ellipse T = 2x2x107*x9.8x 6.4 x 10° :
| rn=(1+e)aandr, =(1—-e)a . 3 x8.31 |
: =a=22andrr, = (1-e)a? =10"k :
| ;o : 20 (d) !
I Where a = semi major axis I
| b = semi minor axis - GM _ | gR? 1
: e = eccentricity . T R+h :
2
: Now required distance = semi latusrectum = %— 21 (b) I
: B a’(1—e?) RGO For a moving satellite kinetic energy = G;m {
I a (n+n)/2 n+t+n Potential energy = —— " = », S o CCITBY 1 1
1 16 (C) Potential energy 2 I
| I
l At a certain velocity of projection of the body will 22 (b) _— I
: go out of the gravitational field of earth and never I'=—r1f1 = O thenV = constant :
i to return to earth. The initial velocity is called 23 (b) |
I escape velocity !
| U ga _ Ra I
: ve:\/lg_R v= ZgR:P_S= gXR—B=,f‘.’(IXR’2 :
I Where g is acceleration due to gravity and R the i
1 radius. As is clear from above formula, that escape = Vkik; I
: velocity dose not depends upon mass of body 24 (d) _ : _ :
| hence, it will be same for a body of 100kg as for Orbital radius of satellites 7, = R + R = 2R |
! 1kg bod r=R+7R=8R I
: 17 (d) * Uy =~ i e K :
s K e g
| . : ; & T2 1
I Telecommunication satellites are geostationary o GMm 4 K= GMm i
: satellite Gi;’;lﬂ ri::n :
I 18 {]’.‘l] El = TT']_ and 52 = 2 |
| I
| 1
| |
| I
| I
| I

o o o)

Get More Learning Materials Here : & m @) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

26

27

28

29

31

32

33

vy

U K, E
U, K B
(9

If no external torque acts on a system, then
angular momentum of the system does not

change.
ie, If t=0
dL =
dt
L = constant
Hence, Wil aTiin = MminTiin
= Finin = Vmin % Tmax
Vmax
1x10° x4 x10* 4 -
= = =% m
3 x 10% 3
(d)
M 0 M
A 2 ' 2 B
Gravitational potential of A at 0 = — fT"; =— 2?“
For B, potential at 0 = B o 20
r/2 r
= Total potential = —ng
(b)

Orbital radius of Jupiter > Orbital radius of Earth

ol
i r}.As r; > 1, therefore v; < v,

(d)
% changeinT = %(% change in R) = % X (2)% =
3%
(b)
From Kepler's third law of planetary motion
T? « R?

Given,T; =1,T, =8,R; =R

¢ R}

R3 = R} —

R}j=.R2131~<(Ei)2
R3 = R®% (2%)
= R,=Rx4=4R

(<)
R, 1 4 2
_g:_(,‘rrﬁp:ag_l_pl . = X—_—=—
9: pR; 2 1 1
(b)
Gravitational acceleration is given by
GM
9=7%7
where &= gravitational constant
g M
G R?

35 (c)

Let x be the distance of point from the smaller

body where gravitational

intensity is zero.

From kepler's third law of planetary motion:

Gmy  Gmy
(1 —x)‘* x?
or J— il
100,000
or 10x =—
ar x = (ljll)m
37 (b)
T? ¢ R3
Given, '1"irJ =27T
7 _R3
;R
T= R:
Q7' R}
Ry,
Re = (27)Y*
R, =9R,

38 (a)

i ( R ) _ R 9
9=9\k+n) “9\gsE) 799

4 4
.‘.W’:—XW=§X72=32N

9
39 (b)
The acceleration due to gravity
GM
9=%z

At a height h above the earth’s surface, the

acceleration due to gravity is

GM
g ===
(R + h)2
-2
7=(1+3)
Z =(14+—
g’ R
i -2
=(1+3)
213
g TR
, g
t = —
bu g =3
’ g/Z_l 2h
; e 7
2h 1
R 2
hwR
4

40 (b)

b
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i;?}cze, grai:ﬂtatmn provlies centripetal force o 2g Lo 29 2 %10
T e @ISR TY T [5RT [5x 6400 % 10°
r raf2 mr3/2 d
a

r
- - 2 - -— -4 —
Sothat T = ? _ fm?:fa ie. T2 = 4ﬂk'm =72 7.8 x 10 o~
48 (c)
s T2 e p?i? oy 2
Tl R]_ 3f2 R 3/2
# o =g “lg =n-=m
Forr < R: 2 z
2 [ 49 [a]
muv Gmm .
=— Escape velocity of a body from the surface of earth
¥ T
4 is 11.2 kms~! which is independent of the angle of
Here, m' = (gﬁ?’g) Po project
Substituting in Eq. (i) we get 51 (b)
rr oM J ; y
; ; : ; ; = |2 — pl/2p1/zp-1/2
ie, v—1 graph is a straight line passing through v e MR
orgine. ws
Forr > R: Ed]
5 m(gwg)p Since, velocity of projection (v)is greater than the
% = ;—20 escape velocity (v,),therefore at infinite distance
1 the body moves with a velocity
or v —
'V{; [t z 2

v v —pf

The corresponding v-r graph will be as shown in

option (c). . f_ 2 —
2 (© % v = ,(V’gvg)z vE = 2v,

GM  GM, 4GM, 53 (c)
9=p7 < (Do/2)2 T DZ Gravitational field inside hollow sphere will be
X i

If x is the distance of point on the line joining the

two masses from mass m,’ where gravitational When r < R, Gravitational field intensity,

field intensity is zero, then ] = E_ﬂi = ﬂ (imqﬁ ) = AnGor
cm _ 6m, 2 _ 8 R3 R¥X3 3
(r—x)2 ~  x2 or (o—x)2 = x2 55 (a)
T i . . _
OF === = Escape velocity v = /2gR
On solving, x = 6m v g R
—_ = —
45 ') vy g2 Rz
v R y
v=J2gR ~—= &x—1=,,fgxf(=(!(g)”2 =g x K = (Kg)'/?
Va g2 R 56 (b)
46 (b) . [am :
As T2 o 13, Orbital speed, v, = —; 50 speed of satellite
50 TA_Td decreases with the increase in the radius of its
TS T - orbit. We need more than one satellite for global
or A= (:_f‘) 4 = (B =4 communication. For stable orbit it must pass
or ;" 3 4;’_ through the centre of earth. So, only (b) is correct
A= 4Tg;
SO Ty —Tg =41y — 15 = 313 >7 (9 eM M
47 {C) g= R? .‘gcﬂﬁ

; 3 o s ;
Weight of the body at equator = = of initial weight According to problem M, = ? and R, = %

3 2
vgh= 1Y (because mass remains constant)

J9p _ (Mp) Re\ _ (1) -
. .. .3 _ L9 _ (Mp\(Re) _ (1 _
g'=g—-w’Rcos?A= =g=g- w?R cos?(0°) ge \M./\R, 2) % (2)e=2

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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58

59

60

61

62

63

2 gp = 2g. = 2 X 9.8 = 19.6 m/s?
()
The escape velocity of a particle
Ve = if,m
Hence, the escape velocity is independent of mass
of the particle.

(b)
Gravity, g = i—f
. Yeartn =&X Ef)_

Gplanet Mp RZ
e _ *

Yp

Lo meitely,. 180
Also, T « = == =
2 1

= ﬂ = j;:: T, =2v2s
(<)

From Kepler’'s second law of planetary motion,
the linear speed of a planet is maximum, when its
distance from the sun is least, ie, at point 4.

2nR 2mwR3/2

Time period, T = e = T

R
Where the symbols have their meaning as given in
the question

Squaring both sides, we get

, A4n’R’
T2 =
GM,,
(d)
Orbital velocity v, = Jg = /QTRZ and vy = rw
This gives r® = %
(d)

: 26M
Escape velocity v, = |[—

R
4
26 -nR3 xd
b [ 8
& R

264 Rixd=R o Gd
37 =R |37

65

69

71

where d = mean density of earth
TV, & RVd

Ve _PBa |de
vp Ry Jdp

_ Re de.

TR, s

0

=v, =21,
=2x11=22kms™
(d)

Here,u = 20 ms™!,m = 500g = 0.5kg,t = 20 s
Using Newton's equation of motion

= t+1 2
s=u 2‘9

1
0=20x20+ E(-g)(ZU)Z

or g=2ms™2

~ Weight of bady on planet = mg
=05x2=1N
(©)
Angular momentum remains constant
vidy

mvyd; = mvyd; = v, = e
2

(b)

As with height g varies as

8" =T iﬂ?]'ﬂ =8 [1 _%]

lesser than W, and

W, — W, = =2 [hl ha

2 1= MEy —MBq = £Mg R R
_ o CMh

or Wz_wl—szzR

GM
[asg =27 and (hy — hy) = hl

or W,—W, = m:#(gir}?gp)

9 Gmh M—4 R3
- s s -S|
(c)

Time period of nearby satellite

T3
gy 4
"M

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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72

73

R3
=2n m

_ 2r(R%)V? 3n

- - ==
[o $mrse] T NP
(@)
The acceleration due to gravity (g) is given by
GM
I=%

where M is mass, G the gravitational constant and
R the radius.
Since, planets have a spherical shape

V= ETITJ
Also, mass (M) = volume(V) x density(p)
G=nR3p
4GnpR
= =
="
Given, Ry:R;,=2:3
3
P1iPz =3
R, 3 2
& - Py N
92 PRy 23
()

The maximum velocity with which a body must be
projected in the atmosphere, so as to enable it to
just overcome the gravitational pull, is known as
escape velocity.

Escape velocity from earth's surface is

26M,
v = IRy
e
26 -2nR3d,
- ’— (M
Re

4 3
= EJTR;E. de)

or Vag X \j'd—e MRy e ()

similarly, for a planet

4 JdT,x R, .. (i)

1/2
So ves (E) / x&
- (- dp Ry
1
Given, dp = Zde’RP = 2R,
e\
Ves _ (2| R
Vs 4 2R,

_(4)1,('2)<_
=2><l=1
2
So, v,“ 1:1
UES

74 (a)
The value of acceleration due to gravity g at

height h above the surface of earth is
g

Where R is radius of earth.

Lorl)

In =

Gn R
75 (b)
GM
p= |—
r
76 (b)

Angular momentum is conserved in central field
77 (d)

The true weight of a body is given by mg and with

height g decrease

Ws _mg_ 1 [ &
50,3, = mg = L+ O/RIP [E'Sg [1+[hm]2]

But here, h =7R—R =6R, ie,h/fR =6
_ W _ 10 _
So, Wy = =& = 5= 0.2N
78 (d)

| 26M
Ye= IR+N)
79 (a)
sl -l S
I=9\r+n) T9\r+2r) T
80 (c¢)
v onymong O

. m 1
Given, 29m = 2
mge 6

Em 1 -
or ==-= (i
2 =5 (i)

RE_
8RZ,

From Eqgs. (i) and (ii);

o=

or R, =
81 (c)

8/6R,,

. 26M
Escape velocity v = —

[f star rotates with angular velocity w

v _ 1 [26M _ |26M
Thenm==o=ce s jmm

82 (d)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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83

86

87

88

89

Time period (T) of a synchronous satellite around
the earth is given by

: 1/3
7= 4?3 o T2Gm,

Gm, 472
Substituting the given values, we get
r

_ |(24 x 60 x 60)* + 6.67 x 107! x 598 x 10**

4 X % X i_—z

r=42.08 x 10°n

r 4208 x10°m
.'-g=~m=6.6=-r=6.6re
(d)
Kinetic energy of the satellite is K = Egjnl willi)
Potential energy of the satelliteis U = — Gﬁ:m
(i)
Total energy of the satellite is £ = —m;f—?_m (i)

Divide (iii) by (i), we get% ==lork =-K
Divide (iii) by (i), we get% - -;-Dr E= -‘é’-

(b)

F = Gmym,/r?, thus on increasing masses and
reducing distance r, force of gravitational
attraction F will increase

(b)

Time period is independent of mass. Therefore
their periods of revolution will be same.

()

Kinetic energy = Potential energy

1 mgh 1 mgh
—mkve)? = =2 = —mk?2gR =2 = h
2 1+2 2 T
R R

_ RK?

T 1-k?
Height of Projectile from the earth's surface = h

RK*

Height from the centrer =R+h =R+ —

; R
By solving r = —

(c)

Let at Othere will be a collision. If smaller sphere
moves x distance to reach at 0, then bigger sphere
will move a distance of (9R — x)

O(9R-x)

90

91

92

93

94

_F_ GXx5M
Asmall = M_ [12R_x)‘2

_F _ GM
ig =5 = (12R - x)?
1 2
= Easmallt
1 Gx5M i
T 2(12R — x)? ek
1 2
(OR—x) = Eab;gt
_1_em §
“2(12R - x)? s (1)
Thus, dividing Eq. (i) by Eq. (ii), we get
X
9R—x
= x =45R — 5x
= 6x = 45R
= x=78R

(b)
[n circular orbit of a satellite of potential energy
= —2 x (kinetic energy)

= =2 x=m’ = —mv?

2
Just to escape from the gravitational pull, its total

mechanical energy should be zero. Therefore, its
kinetic energy should be +muv?

(a)
Acceleration due to gravity at height h is
' g )
g = = = ==099%g
(1 + R_g) (1 + smn)
(a)

v =,/2gR. [facceleration due to gravity and

radius of the planet, both are double that of earth
then escape velocity will be two times, i.e.v, =

2v,
(b)
i —GMm GMm
Potential energy U = —— = ——
GMm GMm
Uinitial = — =57~ and Uginqr = ———

; i GMm  GMm GMm
Lossin PE = gainin KE = e
()
dx| | \I L%+ chzvI

= b
- P
0 ML ruring
St - -

e = —]

Let the mass M be placed symmetrically

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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95

97

98

100

101

o0

_ md o [GM@dx) L
:;Fnet—f FsinB = J' X712 TR

dx
= Fnet = GMAL m

GMAL
= Fpet = L—g(z)
2GMA
net = L_g
(d)

The system will be bound at points where total
energy is negative. In the given curve at point A, B
and C the P.E. is more than K.E.

(c)

V, = AR st = da —A:\!xxr-'-v—’q
Vg e B Vp
=ATrx

(b)

: d q d

9_9(1_,?) n“‘g(l_R):’d

n—1
- ()=
n

(b)

—m:m.rzﬁ’

i o

() _Gn:m'r<R

(b)

(i)Gravitational force on the particle placed at mid
point D of side BC oflength a is

GMM _ GM® _ 4GM*
[AD]2 ~ (3a%/4)  3a?

or F=F =

(ii)gravitational force on the particle placed at the
point O, ie the intersection of three medians is

F‘:ﬁl+ﬁ2+f3:a or F=0

Since, the resultant of l_'-"z and th is equal and

opposite to ﬁi

102 (b)
[f g is the acceleration due to gravity of earth at
the position of satellite, the apparent weight of a
body in the satellite will be
Wapp = m(g’ —a)
But as satellite is a freely falling body, ie,g" = a
So, Wapp =0
103 (d)
Ki 13 R+ hg
Xe B - (R F h,,)
104 (b)
As mass, M = %n’Rzp
3M

(R+2R) 3
2

R+R/

ps Mg RZ (1)3 . _
— x—=330x|—) =33x107*

ps M, R} 100 g

105 (c)

=

Il

—GMm 1 K = GMm S i —-GMm
r 2r 2r
For a satellite U, K and E varies with r and also U

and E remains negative whereas K remain always

positive
106 (a)
. 10g 90
100 100°
. R? 9 R
E =B8R+ 10" (R+h)?2
.
V10 R+h

or h=(v10-3)R/3
(V10 = 3) x 6400
3

= 345.60 km

107 (d)
The minimum velocity of projection to achieve
escape velocity can be calculated as

1
Intial KE =§mv2

1 1
:Exm(dfx 11.2)2.= 16 xzmvg

1 v N .
Aszmvez energy is used up in coming out from the

gravitational pull of the earth, so

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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final KE should be 15 x %rr.u;r_,2

H L i 15 x Ll
ence, mve = 5mv
- vl’z — 15vez
or = \/Epe
=15 x 11.2kms™!
108 (c)
2 45 372
Tmercury _ (Tmercury)su _ 6 x 1010 / _ 1
Tearth Vearth 1.5 x 10" 4
(approx.)
1
Tmercury = Zyear
109 (c)
g_m:ﬁx (&) :ix (4)2 :E
g M, \Ry,/ 81 81
_ 16
Em = 81 Be

4 Vg =28.R, = /2 X 9.8 X (6400 x 1000)
= 11.2 kms™!

16 1
Vm =+ 28mBm = jZ xﬁgg X ZRE
2 2 4
= 51!2geRe g 11 = 2.5 kms
110 (a)
Acceleration due to gravity is given by

GM
=%z

where € is gravitational constant.

GM,

RZ
GM,

3

ge _ GM./R¢

Therefore, —=——
9p  GMy/R}

&_Me R2

9 M, RZ
M,=2M,  R,=2R,
Putting the values in the Eq. (i), we obtain
ge M, (R 1 _4

g M, RZ 2717 °
e

gp:?

For earth: g, =

For planet: g, =

- (D)

or

Given,

111 (c)

[26m .
Ve = |— L e. escape velocity depends upon the

mass and radius of the planet
112 (b)

When the spaceship is to take off, gravitational
pull of earth requires more energy to be spent to
overcome it

113 (d)
Acceleration due to gravity on earth is given by
M,
(Here,Mm = e R
R,
% |
ge M. R 9M, R,
Hence, E.r; = En: x ?g- = E— (ﬁ:}
N
Im :
Im
SO, E = E

- Weight of body on moon
= weight of body on earth X g,,,/ g,

90 s 90 : 40k
9 9 &

114 (b)
Whody = 27 Wearth
2 3 2 1 1 ) 1
T«r = W U:T—Bﬂﬁdmmurozm

2/3 2/3
5 Thody N (wearth) ¢ = (l) / = _1_
Tearth Whody 27 9

115 (d)

GM
L=mvr=m o r=mvVGMr =L oxc+\Tr
116 (c)
z 1 H
Hiso— oG oA
2g g Hi gs
Nowgg=f—,‘:asgoch
H
.‘.—B=g—ﬂ=12
Hy  gs
= Hy;=12xH,=12x15=18m
117 (b)
TZ 13
118 (c)

Force acting on a body of mass M ata point at
depth d. Inside the earth is

F= mg’=mg(l—%)

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R

mGM /R —d GM m
- R? ( R )= g5 T (FR-d=1)
So, F oc r; Given F o 1™
n=1
119 (d)
m @) www.studentbro.in
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Let the gravitational force on a body mass m at 0
due to moon of mass M and earth of mass 8/M be

zero, where EQ = x and MO = (r — x). Then, | fr J—H
G8IM xm GMm

x2 :(1'“-—:1tf)2 H)

gains speed from velocity addition with the

' : : A person is safe, if his velocity while reaching the
earth’s rotational velocity.)

123 (a) surface of moon from a height &' is equal to its

loci hile falling from height h rth. S
The escape velocity at the surface of earth is 11.2 xe DClli}'W RS gnes 0
kms™! Jvag'h'=./2gh

124 (d) or h'=gh/g' =9.8x3/1.96=15m

From the figure the gravitational intensity due to 130 (d)

{"Mm He _ 9.8 2 _
=% 6m/s -

1.63 m/s*

the ring at a distance d = V3R on its axis is 9m =

| I
1 I
| I
| 1
| 1
| I
I I
| |
| |
| 1
I I
I or 2o 1 I
I x2 (r=x)? . GM GM x+3R  V3G6M ]
I 9 i 1 - - = = = = I
| O = e (d? + R%)3/2 (3R? + R?)3/2 8R? i
: On solving; x = 9r/10 Force on sphere = (8M)I = (8M) X ‘;‘;"f :
I 120 (b) V3GM? 1
: Gravitational force on a body at a distance x from =z :
: the centre of earth F = Gfm 125 (c) :
| Work done, According to Kepler’s law 1
: R+h R+h o T? o 13 :
| W= f Fdx= f po dx or 5% oxop? - () I
: R and (T2  (4r)3 ... (i) '
| L From Egs.(i) and (ii), we have 8
— GM [_ _] — RZ T e ]
: % TR R h 25 o :
: This work done appears as increase in potential (T)? ~ 64r3 {
I energy T =+1600 = 40h I
I R f; +h 5 Gravitational force provides necessary centripetal I
I o ) T ] s I
l =me(5h) [Sh onl 58" B e, i
: 121 () -
: According to Kepler’s third law, we have - LR R m :
I T2 o R? = ' 2 - "
: i T (42)3 64 :
: ence, T2 =% =7 TR :
: - Ty @ Gm*  mv? :
I Ty 1 (2R)2 R I
: 2wy N 8 :
I o Zmw, 1 R . I
I vg X4R 8 4R 1
: ¥ Exmy 1 127 (a) '
! VB 1
I or 30 =z T= 2:1'\{_ At the hill g will decrease so to keep I
| B 1
| L vp = 6v the time period same the length of pendulum has |
: 122 (c) to be reduced :
I Launching the rocket in the direction of earth's 128 (b) I
I 3 2 " " I3 = E
: rntatl-nn ‘a]lnws it I:-o e:.cpl.mt the earth’s rotational Thisshould be equal to escape velogity L e, m i
I velocity ie, launching it from West to East. (It 129 () I
| I
| I
| |
| [
1 I
| 1
| I
| |
1 I
| 1
| 1
| I
| 1
| |
| I
| I
| I

o o o)
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131

132

133

Substituting R,,, = 1.768 x 10%m, g,,, = 1.63 m/
2

s

and G = 6.67 x 10~ N-m? /kg? We get

M,, = 7.65 x 1022kg

(a)

From Kepler’s law, T'? o« R®

o G- (- (5 oo

T, 3
or Z=(1+001)32=1+ (— X 0.01)
T 2

TZ—T1_1.5_15W
R T T T
(c)
g 2h 2 % 320 1 9
g R 6400 10~ 10

~ % decreaseing = (g—Tg*) % 100

1
T e— - 0,
100x100 10%
(<)

1 1 . s
Ve & 7= IFR hecmnes; then v, will be 2 times

134 (d)

135

Time period does not depends upon the mass of
satellite

(b)

If missile is launched with escape velocity, then it
will escape from the gravitational field and at
infinity its total energy becomes zero

But if the velocity of projection is less than escape
velocity then sum of energies will be negative.
This shows that attractive force is working on the
missile

136 (a)

137

Get More Learning Materials Here : &

Let R be the original radius of a planet. Then
attraction on a body of mass m placed on its
surface will be
GMm
=7z
If size of the planet is made double ie, R' = 2R,
then mass of the planet becomes

' 4 3 3 2
M =§n(2R) p=B><Zer p=8M
GM'm G8Mxm
- R'Z - (ZR)? =2F
ie, force of attraction increases due to the
increase in mass of the planet

New force F' =

(c)

From Kepler ‘s third law of planetary motion,
T? x g?

Given, T, = lday (geostationary)

a; =a,a, =2a

138

139

140

141

142

143

Y _ a3
% o
3 3
a; (2a)
= T = =T Xx1=28
2 a:'l; 1 C!3
= T, = 2v/2 days
()

When gravitational force becomes zero, then
centripetal force on satellite becomes zero and
therefore, the satellite will become stationary in
its orbit.

(b)

The period of revolution of geostationary satellite
is the same as that of the earth.

Orbital velocity v, =+ gR,

Escape velocity v, =4/2gR,
where R, is radius of earth.
Ve — Vy

x 100

Vg
V29Re — \JgR.
x 100
VIR,
=(2-1)x100
=(1.141-1) x 100 =

% increase =

9% increase =

41.4%

(d)

From Kepler’s third law of planetary motion,
T? o R?
TZ

= ek constant

(c)

Mass of two planets is same, so

4 3 3

EHRI PL= 'BTHR:E Pz

o 2=(8)" =) -

GM/R?  (Ry\?
81 _ / 1:(_2) =(2)2=4
g2 GM/R; Ry
(d)
Gravitational potential energy is given as
_ GMm
B r
GMm GMm
Ul —— ,Uz T
L&} T2
As r; > 1y, hence,
1] . -
mh-U, = GMm[ ] is positie
itz
fe, U'l = Uz
or U, < U

ie, gravitational potential energy increases.

(a)

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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144

145

147

148

149
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The earth behaves for all external points as if its
mass M were concentrated at its centre. When
man of mass m walks from a point on earth’'s
surface and reaches diagonally opposite point,

then gravitational potential energy given by
GMm

R
Will remain same.

Hence, no work is done by the man against
gravity.

(b)
‘ _ . ng _ 20x20
Given, g, =9 = (R+R/20)%  21x21
_ 9x21x21
Or 8 = —Zoxz0
d
Now, g, = g(l _ﬁ)
_9><21><21[ RI2DY  imeco
T 20x20 R
(b)

Gravitational potential at a point on the surface of
earth
y M _—gR®
R R
(a)
Earth is surrounded by an atmosphere of gases
(air). The reason is that in earth’s atmosphere the
average thermal velocity of even the highest
molecules at the maximum possible temperature
is small compared to escape velocity which in
turn depends upon gravity (v, = m).
Therefore, the molecules of gases cannot escape
from the earth. Hence, an atmosphere exists
around the earth.

(c)
g’ R\ 1 R\ 1
E'(M) :E'(M) =32
4000 \*
a (4000 - h)
By solving we get h = 1656.85 mile = 1600 mile
(d)

Itis given that, acceleration due to gravity on

planet 4 is 9 times the acceleration due to gravity
on planet B ie,

9a = 998 (1)
From third equation of motion

v? = 2gh

v?
Atplanet 4, hy = — . (i
plane A= 20 (ii)
2

At planet B, hg ==— .. (ii)

295

Dividing Eq. (ii) by Eq. (iii), we have

ha s
hg  ga
From Eq. (i), g4 = 99&
h_9s _1
hg 9gp 9
or hp=9h,=9x2=18m (= hy
= 2Zm)

151 (b)

Gravitational force provides the required
centripetal force ie,

. GMm
mw?R = 3
Rz
m4n?  GMm
= =TT
— T2 o R7/2
152 (a)
) 2GM,
Escape velocity, v, =
Re
Given, M, =6M,R,=12R,
26 - 6M,
v, = |——=3v
7 @Re) ‘
153 (d)
g [T 0 GMT? emT?]"?
= — = = =l
TeM T T T T T T
154 (c)

[f M be mass of earth and R its radius, the
acceleration due to gravity is given by

GM _
9=7z oo (1)
Where, G is gravitational constant.
Given, R =0.99R
, GM .
Y ~woore @
GM
()
From Eq. (i), we get
g' =1.02g

Hence, acceleration due to gravity increases by
g —g=102-1=0.02g
Hence, percentage increases =2%.
155 (c)
Acceleration due to gravity at a height h above the

g
1y 2
(1+3)
Where g is the acceleration due to gravity on the
earth's surface

earth’s surface is g, =

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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156

157

9 _%
() °
Ath=R,g,=—2,=12

(142 *

Acceleration due to gravity at a depth d below the

At h =§.gh =

earth’s surfaceis gy, = g (1 - %)
2 g

Atd =§-,gd =; g(l—ﬁ-) =
At the centre of earth,d = R
R

sa=9(1-7)=0

Thus, the acceleration due to gravity is maximum
on the earth’s surface

(a)

As in case of elliptic orbit of a satellite mechanical
energy

E = —(GMm/2a) remains constant, at any
position of satellite in the orbit,

KE + PE = —=2 (1)

Now, if at position r, v is the orbital speed of
satellite

B |

KE = %mvz and PE = _me (i)
So, from Egs. (i) and (ii), we have
1 GMm  GMm 2 1
= mv? - = — Jie, vt = GM ———l
2 r 2a roa
(d)

!J

lkg

Fogcos30® F o c0s30°

IR

2 ™ F ogsin30° ‘fﬂgﬁ_‘;?\_ R

Lkg lkg

Here,OP = 0Q = OR =2 m

The gravitational force on mass 2 kg at 0 due to
mass

Gx2x1
——= = G along OF

2 g

The gravitational force on mass 2 kg at O due to

mass

lkgatQisFyg =

1kgatPisFgp =

% = (7 along 0Q

The gravitational force on mass 2 kg at O due to

mass

lkgatRis Fpp = f;:;;; = G along OR

Resolve forces Fypg and Fgp into two rectangular

components

158

159

161

163

Fgq cos 307 and Fypp cos 30° are equal in

magnitude of equal and opposite direction
= Fop — (Foq sin30° + Fog sin30°)

1 1
=G—(G><E+GX§)=G—G=ZemN
(c)

Landsats 1 through 3 operated in a near polar
orbit at an altitude of 920 km with an 18 day
repeat coverage cycle. These satellites circled the
earth every 103 min completing 14 orbits a day.

(d)

GMm
UI‘: = —
Tr
i, o 867X 107! x 100 x 1072
v 0.1
i 6.67 x 10711
L 0.1
= —6.67 x 10719]
We know
: W = AU
=Ur—U, (= U =0)

W =U; =667 X107
(Dm= 10 x 10 kg

M = 100kg

(b)

The energy required to remove the satellite from
its orbit around the earth to infinity is called
binding energy of the satellite. It is equal to
negative of total mechanical energy of satellite in
its orbit.

o GMm
Thus, binding energy = —F = 57
aM
but, g= F
=4 GM = gR?
. gmR?
BE =
2r
(9

Applying law of conservation of energy for
asteroid at a distance 10 R, and at earth’s surface.
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| I
1 I
| I
| 1
: 172 (c) '
| Acceleration due to gravity on moon g, I
I GxM/90 1 I
| =——V——=—g 1
| (R/3)? 10 1
: 173 (c) -
| Acceleration due to gravity at poles is i
: independent of the angular speed of earth :
: The change in potential energy in gravitational :
| field is given by AE = GMm (l - i) 1
I i {
1 [n this problem; r; = R and , = nk ]
I : 1 1 !
I Ki + U; = K¢ + Uy v () AE = GMm(———) I
! 1 GM,m R nR I
: Now, K;=-mv! andU; = — T _ GMm (n— 1) :
£ R n
| 1 GM.m -
| K = =mv? and Uy = ——= - n—1y ¢ _Gm 1
! f T T R =mer(—=) (+2=77) !
: Substituting these values in Eq. (i), we get 175 (d) :
1 GM.m 1 GM,m ; i g .
! —mvZ— = _muvi— Let escape velocity be v,, then Kinetic energy is I
: 2 Y 10R, 2 7/ R, 1 = _ {
" Lo, 1, GMm GMm o mi (1) \
I 3 =™ R, 10R, GM.m N I
| 26M. 2CM and escape energy = + o (i) 1
! = vi=vf+ - £ Re I
: Re 10R, Equating Eqgs. (1) and (ii), we get :
GM,m 1 1 GM.m
| 2 _ 2 L (1 __) Sotes Pt okl I
| U SVETTR, 10 2™ TR, :
165 (b
' L . 2GM, !
I C —— ‘[)e — R l
! V== |ldx=—|=dx=— e I
| x2 x 1
| o ] R = ZGME I
: 166 (c) = =Tl :
I U = Loss in gravitational energy = gain in K.E. Given, G = 6.67 x 10" 1*N-m? /kg, 1
: So, U =%1'm;r2 :)m:% M, = 6 x 10%*kg, v, = 3 X 10% m/s? :
I 167 (b) p o 2% 667 10711 x 6 x 10%* I
1 = 1
| Ve = V2 1y, i. e. if the orbital velocity of moon is (Eax 10%)? 1
: increased by factor of v2 then it will escape out k=889 ><_13(] :
| from the gravitational field of earth R»9x107m = 9mm i
| 168 (b) 176 (d) i
| The body can be fired at any angle because the 1
: =R gG"‘TP v, & RJE enerfgy i.s, sufficient to take the body out of the :
I gravitational field of earth 1
: 169 (c) 177 (b) \
| 7 R, 3/2 1013\ 3/2 Acceleration due to gravity at a height h from 1
| == (—) = (?) = (1000)'/% = 10v10 earth’s surface I
| Ty Ry 10 CM I
' 171 (b) g == '
! Gm(M—m) : (R+h)? I
1 F = ———; For maxima, _ 5 !
| x Since, g == I
| aF G 100 I
: am ~ M am =0 g i o O :
= :

| or =k 100 (R+h) "
I Moz I
| 1
| |
| I
| I
| I

L]
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178

179

180

181

182

183

184

(R+h)? GM
" T10 T g
(R+h? . GM
o 00 R [-9=%
or R+ h=10R
= h=9R
(d)
Acceleration due to gravity
GM_ G 4,
I=FT =g@*3"™P
3g
P = InGR
(a)
2GM GM
Ve = |—p— =100 =—==5000
Potential energy U = — == = —5000 /
()

. 1.
gocr(1fr<R)and_goc;(lf'r>R)
(d)

F o :—2 [f r becomes double then F reduces t{);

(b)
We know that g = i—n:
On the planet g, = % = gg

Hence weight on the planet = 700 x ; =

400 gm wt
(<)
According to Kepler's third law
T2 oc RB®
T 3/2
- B
Ty \Ry
T, (BR)W
T, \R
T
=3 = =127
£}
T, = V27T; = V27 x 4 = 4J27h
(b)

First we have to find a point where the resultant
field due to both is zero. Let the point P be ata
distance x from centre of bigger star.

G(ieM) _ GM —
2 TR 8a (from 04)

A6 M &
" O 4 PLT' 05 g

185

186

187

ie, once the body reaches P, the gravitational pull
of attraction due to M takes the lead to make m

move towards it automatically as the gravitational

pull of attraction due to 16 Mvanishes ie, a
minimum KE or velocity has to be imparted to m
from surface of 16M such thatit is just able to
overcome the gravitational pull of 16M. By law of
conservation of energy.

(Total mechanical energy at A) = (Total
mechanical energy at P)

1 . IG(lﬁM)m GMm
= 5 MVimin + [ ]
I(*M'm G(lﬁM}ml
B l Za
L GMm 3 |5GM
=:"Ewu'jrnin = Sa (45) = Vpin = E =
(@)

The net force acting on a unit mass placed at
0 due to three equal masses M at verities

A, B and ( is the gravitational field intensity at
point 0. The gravitational force on the particle
placed at the point of intersection of three
medians.

Since, the resultant of F; and F; is equal and
opposite to F;.
(b)
By the law of conservation of energy
(U + K)surface = (U + K)o
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GMm 1 1
= ———t= m(3ve)z =0+ -mv?
R 2
o 9owE 1,
= S t3 =37
Since v2 = 20N
1) e — R
2 2
ve 9ve 1 , 5 am
> + > —Zv = v° = 8u;
v= 2\51?9
=2v2x11.2
= 31.7kms ™!
(b)
@) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

188

189

190

192

193

194

195

6R from the surface of earth and 7R from the
centre

(b)

E = i = constant
dat 2m

(b)

G Mm

F(r) = {;%,r < R(where p is density of
3

sphere)

(b)

Weight of body on the surface of earth mg =
12.6 N

At height h, the value of g’ is given by

i RZ
9 =9 Rt he
R
Now, h=5
, R > 4
g _9(R+(R/2)) =93

4
Weight at height h = mg 5

—126)(4—561\1
=126x5=5.

(d)
F= {G:im},r =R
()

Here the force of attraction between them
provides the necessary centripetal force

Vv

v

‘ mvz_ Gm?

R ~ (4R)?
{ _ Gm
V= 3R
(b)

If a body is projected from the surface of earth
with a velocity v and reaches a height h, applying
conservation of energy (relative to surface of
earth)

L s _ mgh

2™ T+ (/R

h=R=6400km,g = 10ms 2

So, v2 = gh ie,v = V10 x 6400 x 103> = 8 kms™!

(b)

196

197

198

199

200

The value of g at latitude Ais; g’ = g —

Rw'? cos? A. If earth stops rotating, w = 0;g" = g.

[t means the weight of body will increase

(b)

Gravitational force (: T—T;l-) provides the
necessary
centripetal force (ie,m R w*)
GM m 2m\? _ an’mr
50, W= mR(uz = mR (? = 72
25
or T2= ﬂie,?‘z o« R5/2
(©)
dA L . dA o o7 o a2
at 2m ac o oer
(d)
Gravitational potential energy of body will be
g GM.m
or
At r=2R,
GM.m
E]. = -
(2R)
At r=3R
B GM,m
GR

Energy required to move a body of mass m from
on orbit of radius 2R to 3R is

o GM,m(1 11 GM.m

- R L2 3] ~ 6R

()

_|6M 1 |26M
V= R+rn 2R
= 4R =2(R+ k) = h = R = 6400 km

(b)
Here,m; = m, = 100 kg; r = 100m
Acceleration of first astronaut,

Gmm, 1 Gy
a; = T X— = —
r my r
Acceleration of second astronaut,
tmm, 1 Gmy
a5 = _—
2 r? my T2

Net acceleration of approach

Gm, Gm; 26m,
“=“1+a2=rz R
2% (667 x10711) x 100
B (100)2

=2x667x101B3ms2
As s= %atz
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1/2 1/2
t= (2—5 = [_Mm_}”] second
a 2%6.67x10~ 1
On solving we get t = 1.41 days
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201 (b)

T. 3f2

12 (:_2) = (2)%2 = 2v2 = T, = 2V2 years
1

Ty
202 (b)
Weight is least at the equator :
203 (b) 210 (c)
4 The value of acceleration due to gravity ata
Acceleration due to gravity g = EHDGR height h above the earth’s surface is given hy
or gxp Bo *
91 _P1 iR/E
g2 P2 i

| I
1 I
| I
| I
| I
| 1
| I
| |
| 1
| 1
1 I
1 I
| I
| 1
| I
| I
| 1
| 1
1 1
| I
| g1 _ P o - I
| E e 2p [‘ Pz = 2[3] |
: G2=g1%X2=98x2 '
| g2 = 19.6 m/s? I
| |
I 204 (d) I
I bl mx 10* T g 1
: ““R,—R, ax10*—1x10® 3'° 9= :
| 207 (c) (1+ E) ]
: The period of revolution of a satellite at a height h where R is radius of earth. :
| from the surface of earth is given b _R 1
" & y When =5 "
| R, + h)? 1
i T =27 % g = _ 5 _ 4_9 I
I gRe (1 P h)2 9 I
1 R I
i Given, T,, = 1 lunar month, X 4 & 1
: 8 5 Hence, weight w' = mg’ = gmg =gw :
! e (r+3) 211 () :
1 S gR? Mass of planet, M, = 10M,, where M, is mass of 1
I 1 earth. Radius of planet, !
: = Tat=537 R, :
I R, = —,where R, is radius of earth. 1
I Trnoon = 27>/% lunar month 10’ "
I 208 (b) Escape speed is given by, I
: The value of acceleration due to gravity at a 26M :
| height h reduces to ol |
| 64 1
i AN Sl T S0 for planet 2G6xM, [100x2GM, I
: . 64 B ng 0,Ior planet v, = J Re :
I " 1008 T R+ )2 I
| 8 R R =10 v, |
| OF o — e PE=Y =10 x 11kms~! = 110kms~! I
! 209 (a) 212 (b) !
i, i L —uM 2
: Potential at the centre due to single mass = T g=g (mn) = when h = R then g’ = £ :
: Potential at the centre due to all four masses So the weight of the body at this height will :
GM GM become one-fourth
: =l e il 213 (c) |
. s :
GM dV = —Edx
! =32 x— !
: L or V= —jxfr fx’irfcxadx =kjx* :
| 215 (a) |
: mv? RMm _ , GM :
—_— = V5 = m——
I R~ R I
| I
| I
| 1
| 1
| I
| I

o o o)
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| I
1 I
' :
|

| 2p2 iz m2 1

2R 4m* R aM r_r _ Lz
: p= > = p2 = —=— F—E—m—wnstant :
T R . 2d3 i 2d3 h = f
I 4m2R3 ~nidy = n3d; [wheren = frequency] |
: A ey 222 (b) :
| If T, and T, are the time periods for satellite S, v, Ry, |pp I
i and S, respectively ; UWR\/E -'-U—E=R—EX E=4x~f§= 12 E
2 3 2/3
) - :
' I = 1hT, = 8h = 10%n 2E¥10) !
I LR 3?2_ . i Let a satellite is revolving around earth with 1
: R, = (H) % 10* km = 4 % 10* km orbital velocity v. The gravitational potential :
: le . 1o energy of satellite is :
mRy 2w X 4 -1 GM.m
= = — * i e .
: 7 T . 2m % 10% kmh B - (D) E
4
: v, = 2nR, _ 2mx4x10 = 1 x 10* kmh~1 The kinetic energy of satellite is :
| T, 8 _1GM.m . 1
: Relative velocity of S, with respect to S, is = 2 R, - (1) :
| v =v, — v;(m x 10* — 2 x 10*) kmh™* .. Total energy of satellite i
: lv] = 7 x 10* kmh™! E=U+K :
" 216 (d) GM,m 1GM,m 1
: F =mR w? "R, "2 R. :
I =6 x 102* x (1.5 x 1011)(2 x 1077)? _ _LlGMem i) I
' =36 x 102N 2 N !
: 217 (c) But we know that necessary centripetal force to :
i 1 the satellite is provided by the gravitational force. 1
: kinetic energy = E'mve2 ie, :
I 1 mv? _ GM,m I
| =—mx2gR Re  RZ I
| 2 ,  GMm , I
! = mgR or my® =— e (iV) 1
I 218 (¢) e . '
: GMm Hence, from Egs. (iii) and (iv), we get :
I Gravitational potential energy, U = e (S "
I 2 I
. o e 226 (b) .
: " r From Kepler's third law of planetary motion {
or =gxmr 2 3
| TR I
I or U= (mg)r T RS I
| U — = I
I or mg =— T R} I
| 219 (b) . B ( 6400 + 6400 )3 '
: R\ (24)2 ~ \36000 + 6400 }
I Ta=T} (R—l-) =1x (2)%2 = 2.8 year 12 = (247% (16)3 1
ar 3 = e
| 220 (9 53 E
I = 2L If R decreases then g increases. Takin g fr=4h '
| M T O :
| logarithm of both the sides; Both the stars with same angular velocity w 1
: logg =logG +logM = —f log R . around the centre of mass (CM) in their :
I Differentiating it we get; ?g i respective orbits as shown in figure 1
: =, | 4 The magnitude of gravitational force m, exerts on :
()= RIS

! \100/ " 100 u ) my is |F| = £t !
I ~ % increaseing =—=x 100 = — x 100 = 4% 1
I g 100 1
I 221 (h) 1
| I
| 1
| 1
| I
| I
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228

229

230

(a)
Let R be the radius of earth and p its density, then
since shape of earth is assumed spherical
we have
Mass of earth = volume X density

4
M =§nR3><p (1)

The acceleration due to gravity which arises in the
body due to gravitational force of attraction is
given by

GM N
9=%7 o (1)
Putting the value of M from Eq.(i), we get
4
G-nR3*p 4
g=——g—=1UzwRo ... (iii)

Given, pp, =p, Ry =0.2R,

5 gp=G3mRyp, = G X 31 X 0.2Rp = 0.29

(d)

From Kepler’s second law of planetary motion, a
line joining any planet to the sun sweeps out
equal areas in equal times, that is, the aerial

velocities of the planet remains constant dA=
area of the curved triangle SAB

| =

= (AB x SA)
1
= 3 (rd8 X r)
1
& ETZdB
Thus, the areal (instantaneous) velocity of the
planet is
dA 1 ,d8 1 , —
=37 4= 37 = constan

where w is angular speed of planet and r its
radius.

(b)

V4 =( Potential at A due to A) + (Potential at A
due to B)

231

232

233

Gml Gmg

"R V2R

= Vy=—

Similarly,
Vz =(Potential at B due to A) + (Potential at B
due to B)
Gmy
R V2R
Since, WA—"B = m(VB = VA) = WA—)B
_ Gm(my —my)(V2 - 1)
V2R

= VBE_

(<)

The value of acceleration due to gravity changes
with height (ie, altitude). If g' is the acceleration
due to gravity at a point, at height h above the
surface of earth, then

,_ GM
9 = R+n)?
GM
but, g_F
g__GM R R
g (R+hZ2GM (R+h)?
. ,_ GM _ GM
% & TR+ n)? (R+3R)?
_GM _ GM g,
" (4R)?2 T 16R? 16
(a)

According to Kepler’s law of periods

T? o a*[a = semi-major axis]
Here, in case [ a is 7R as satellite is 6 R above the
earth and for a geostationary satellite 7= 24 h

(24)? o (7R)? e (D)
Similarly for case II
T? o (3.5R)* su (i)

Dividing Eq. (i) by Eq. (ii), we get
@42 (7R)?

T2 = (3.5R)?
(24)?
T2 =
= 8
or Ti= 6\/5 h

(d)
The gravitational force exerted on satellite ata
height x is
GM,m
Fo =——
(R+x)?
where M, = mass of earth.
Since, gravitational force provides the necessary
centripetal force, so,
GM.m mu}
(R+x)2 (R+x)
where v, is orhital speed of satellite.
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- GME'm — 2 . I:rj + 1"2
(R+x) ° v
g i (-g=S) or T o (ry + 1)
R+o " \"IT R 239 (a)
ng gR? 1/2 Gravitational potential at mid point
_GM-! _GMz
R+x R+x V=
\J ( ) R+ a7z T dne
234 (b) Now, PE = m x V = =2 (M, + M)
Because value of g decreases with increasing ;
height (m = mass of particle)
235 (¢) So, for projecting particle from mid point to
Gravitational potential on the surface of the shell infinity
is = IPE|
V' = Gravitational potential due to particle (V) = %mvz = ?(Ml +M,)=> v

+ Gravitational potential due to shell particle (V)

~ Gm+ Gam)_ 4Gm i G(My +M,)
R ( R/ R - d

236 (c) 240 (d)
()T, = 2 'U”" J_ [As h << R and The acceleration due to gravity at a depth d inside
, the earth is
GM = gR*] : 4 R—d r
¢ -1 =525 <3
(ii) Ty = BH‘F R R R
4 where, R — d = r = distance of a place from the
(i) Ty = 27 11 - ZR-JZE [As = R] centre of earth, therefore, g’ o r
Vo) g 241 (b)
(V) Tis = 2 JE [As{ = oo] Consider that the earth is sphere of radius Rand
g mass M. Then, value of acceleration due
237 (a) A
Gravitational potential energy of mass m at any
point at a distance r from the centre of earth is
GMm
U=-— Q
r
At the surface of earthr = R
_ GMm - GM
At the height h = nR from the surface of earth to gravity at the point A on the surface of earth is
r=R+h=R+nR=R(1+n) given by
U = GMm mgR oM
TTRTUR(+n) (A+n) 9=97
Change in gravitational potential energy is If p is density of the material of earth, then
mg 4
AU=Up—-U; = ———— TN
h s (1 + ) — (—mgR) M= SHR p
mgR 4
=—i+ng =ng(1— ) GXE?TRBP
1+n 1+n g= T
=mgR 4
¥ (1 +ﬂ) or g ==mGRp
238 (d) 3

Let g’ be acceleration due to gravity at the point
B at a depth x below the surface of earth. A body
at point B will experience force only due to the
portion of the earth of radius 0B(= R — x). The

According to Kepler's third law, T? is
proportional to cube of semi-major axis of the
elliptical orbit.
n+n

2

Semi- major axis =

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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outer spherical shell, whose thickness is x, will i

dx
not exert any force on body at point B. F=Gm J- (A+ Bx)—
242 (c)
= onfas-gp) o
| 250 (a)
Escape velocity v, = ’

Let masses of two balls are my = m, = m (given)
and the density be p.

Distance between their centres = AB = 2R
Thus, the magnitude of the gravitational force £ =2

that twa balls separated by a distance 2R exert on

[fR' =

. Since, & and M are constant hence,
each other is

o =20
(m)(m) e =
F=0——= 2R)? 251 (d)
i 2
s m* c (Enﬁgp) Velocity of satellite v = ’
T 4RZ 4R2
4
‘ FeR KE o b2 o =
243 {c] T
and T o
\F,_,[fr—Rthenv—VU KE o T-2/3
[fr=R+h=R+3R=4Rthenv=%=0.5vﬂ 252 (b)
245 (c) We have
2 3
26M M £
— T e vg o F Ri =r
and R, = 4r
If M becomes double and R becomes half then T2 (r)®
escape velocity becomes two times T_Zz = -(47)3
246 (b) T, 1
Here to point 7 of problem Solving skills or T =3
h h 0.5 X
h_l B php - g =40 253 (b)
2 B 82 g/ T o¢ 73/2, If r becomes double then time period

Energy spent = mg h, = mg,,h;,

_ will become (2)3/% times
or hm = gehe/{gm (1.]

So new time period will be 24 X 2y2 hri.e.T =

4 4
_ [ 63nREp/RDN, \ [ GinREp/R)h, _
(62nRzpwm/RE) ) \(GinRZpn/RE)| [254 (b)
4
R 3 4 = —-mwpGR. If density is same then g &« R
=—exp—e><he=—><—><l).5=3m 973 : Y g
R Pm 2 1 According to problem R, = 2R, - g, = 29,
248 (d) For clock P (based on pendulum motion) T =
The gravitational intensity at a point inside the r
spherical shell is zero ZRJ;
249 (b) Time period decreases on planet so it will run
i s Gm(pdx) faster because g, > g
x? For clock S (based on oscillation of spring) T =
X dx =
o——TT] o 7

fe—x—

So it does not change
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255 (b)
Mass of satellite does not affect its orbital radius
256 (a)
mgt 30 g

Given = —or =
"mg 90 g 3

N P R Em_ R 1

OW. B =Bz 5~ min? 3
B =1 = T

orm—ﬁ or (R+h)=+v3R

or h=(V3-1)R=073R

257 (a)
2
1 2G6M GMm
{:KE)escalpe = Em Re = Re
1GMm
(KE)body = E R
initially €

By law of conservation of energy

Total Total final
(mechanical) = (m echanical)

energy energy
(KE + PE)surface = (KE + PE)atheightn
1GMM GMm _ GMm
2 R, R, _U_Re+h
(-~ velocity at maximum height is zero)
= v=R,
258 (c)
Escape velocity of the planetis v, = zir:P

Where Mp and Rp be the mass and radius of the
planet respectively

; ; J2GM
Escape velocity of the earth is v, = R—e
-4

Where M, and R, be the mass and radius of the
earth respectively

According to given problem, v, = 3v, and R, =
4R,

\]ZGMP _ 3\/25% My oM,

4R, R, 4R, R,

= M, = 36M, = 36 X 6 X 10**kg
=216 x 10%*kg = 2.16 x 10%%kg

259 (a)
; R \? g
g =9(R +h) =(1+3)2
260 (c) ’

Increase in potential energy,

Kif = GMm ( GMm)

T (R+R) R
_1GMm _1(GM R_1 5
=2 R _Z(Rz)m =2™ME

261 (d)

Get More Learning Materials Here : &

Range of projectile R = Sesligy

If u and @ are constant then R o ’%

M

I";J = V¥sphere + Vpartical
_GM GM 3GM

= + —=
a af2 a

263 (b)
From Kepler’s third law of planetary motion
TZ ¢ R?
Given, R; =R, R, =5R
T _ R?
7~ GRY?
1
G
T3 = 5541,
~  Ty=S5iT [+ Ty =T]
264 (b)
_ GMm
T 2R

. ’2GM
Escape velocity ¥, = &=

Kinetic energy to escape (K") = ,—:-m X 2%-;"1
K' =2K
265 (c)

Error in weighing
=mg—mg' = mg—mg(l—2h/R)

m2h
SHETRIR = D

R
4

_ m2h . GImR*p  8nGpmh
R Rz~ B

266 (a)

KE = 2mv? — ~m(11.2)%
—zmv zm .

1 1
=5m(2 x 11.2) —>m(11.2)*

1 1
Emvz =3 X 5m % (11.2)%

v =43 %112
267 (b)
g' =g —w?Rcos* 2

Rm Ye Rm 1 RE‘
Rg gm RE 0.2 " 0.2 " ‘
262 (d)
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268

269

270

271

272

273

Rotation of the earth results in the decreased
weight apparently. This decrease in weight is not
felt at the poles as the angle of latitude is 90°

()

Velocity of hody in inter planetary space v' =

PP — Vgs
Where v,,= escape velocity and

v = velocity of projection
wv' = J(zves)z - V&= J31?925 =v = @ves
(<)

Kepler's law T? o R?

(b)

Intensity of gravitational field at a point inside the
spherical shell is zero and outside the shell is [ o
1/r?

(@)

As there is no gravity in space so spring will not
be extened.

(<)

Work done by the gravitational field is zero, when
displacement is perpendicular to gravitational
field. Here, gravitational field, T = 4i +j. if 0, is
the angle which makes with positive x-axis, then
tan 8, =£ or B; =tan~! G) = 14°6’

If 05 is the angle which the line vy 4+ 4x = 6 makes
with poesitive x-axis, then 8, = tan™!(—4) =
75°56' s0 0; + @, = 90°

ie, the line y + 4x = 6 is perpendicular to [

(b)

Time period of satellite

2
o o [t 12
gRe

Where, R, = Radius of earth,

h = Height from earth surface .
Time period not depend on mass. So, time period
of both satellite will be equal.

274 (b)

275

GM GM
gzﬁor R= ?

= \/6.67 % 10711 x 7.34 x 10%2/1.4

=1.87%10°m
(a)
g ' =g—w*Rcos?1=0=g— w?Rcos?60°
0 )2 5 [ 1 rad
—] —_—— = —_— ——
977 797 “JR ™ 200 sec
rad
=25%x10"—
sec

276 (c)

277

GM
gzﬁ

2 - 2
M R 1 12742
So, &4 — (—“”)x(—E) _——x( )
BE ME RM 10 6760

i_” = 035> gy = 9.8 % 0.35 = 3.48 ms™2
E

(b)

Potential energy of the 1 kg mass which is placed

at the earth surface = — %

[ts potential energy at infinite = 0
; : M
~ Work done = change in potential energy = G?

279 (c)

2r

GMm
= TEiKE-i-PE:—?:EO

280 (b)

281

282

283

The value of g at the height h from the surface of
earth

- (1 Zh)
g =4 R

The value of g at depth x below the surface of
earth
- x
g=9(1-7)
; zh
These two are given equal, hence (1 == ?) -

(1-3)

On solving, we get x = 2h

(a)

4 ge _ Pe  Re
=-mGpR=>gxXpR=>—=—x—
g 3 g 9m Pm Bm
e xRe-—-;-R —5R
1 3"R, ™ 1B ¢
(d)

Acceleration due to gravity at depth d below the
surface earth

=9(1-%)
Ga = 8 R

Acceleration due to gravity at height h from the
surface of the earth

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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Acceleration due to gravity at an altitude h is
_ _9R:
Gn = (Re+R)*’
B 9.8m/s? x (6400 x 10°*m)?
91 = (6400 x 10°m + 520 x 10°m)?
284 (a)
Time period of satellite which is very near to

; where R, is the radius of the earth

= B.4m/s?

planet

T=2 i 2 & T o :
=21 |— =21 |—/}—— ~ -
GM G%?IR3p p

i.e.time period of nearest satellite does not
depends upon the radius of planet, it only
depends upon the density of the planet.

In the problem, density is same so time period
will be same

285 (b)
Acceleration due to gravity on earth is given by
_GM,
=z
o M
or —
g RZ
M,  [Ry\
Hence, Ip, _ Zpu X (ﬂ) (1)
Gp, Ml?z Rﬂz
M 1 R 1
Given, il d=2L=_
iven M, 2 an R, 2

Substituting the given value in Eq. (i), we get
2
I 1y (3) 2

; ezl

Gp, 2
Gp, Gp, =231

1

286 (b)
When going above at a height h or ata depth d
below earth'’s surface, in any case acceleration due

4
=§1TR3
_GX4IIR3
E=egm P
4
= g=G-§?er

Hence, increases in radius would dominate.
288 (a)

g= ia'ft',oGH’. If p = constant thenZ =%
3 gz 2
289 (d)
Total mechanical energy of satellite
—GMm EA My g 3 4?‘ 12
= = — = — —_ —_—— = —
2r EB mg T 1 r 1

290 (b)
26M

_ 5

= /2 x (3.1)2 x 8100 x (10)3

=279 km/sec™?

291 (a)
Acceleration due to gravity on the surface of the
earth is

GM,

R?
Where M, and R, are the mass and the radius of
the earth respectively

Acceleration due to gravity on the surface of the

: GM,
planetis g, = —RiE
2

de =

Where My, and R, be the mass and the radius of
the planet respectively
[f both mass and radius of the planet are half as

that of the earth, then
_GM./2) _GM,

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R

to gravity decrease. Therefore, o ="R, /22 " “RZ T 29e
ge > gn and ge > ga 292 (a)
Moreover g, < gq. ifh=d. , g
287 (b) g= (1 +E)2
The relation between mass and density of earth is g g R
given form Newton's law of gravitation, according 3" e
to which (1 + ;)
_9RS h
M, = z 1+4—=2= = 1
where M, is mass of earth, G the gravitational =h=R
constant, R, the radius of earth and g the h = 6400km
acceleration due to gravity. 293 (c)
Also, mass = volume x density GM G ( R )p
G X volume X density 9== =
§= RZ R R
R
Assuming spherical shape of earth volume o= a2 %
L--------------_------------------_------------------------
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or R o g
p
Now escape velc:city v, =,/ 2gR
or
or o OC ’g X = ’
{ve)panet (11ms™) 121 E
=3kms™!
294 (d)

295

296

297

298

299

(R+h)?

Since, earth from west to east, so train () has
effectively more angular velocity in comparison to
train P and hence, experiences a greater
centrifugal force directed radially outwards. So,
train @ will exert a lesser force on track Q in
comparison to train P. Hence, P exerts greater
force on track

() ,
:g(l‘ﬁ)

gR

or (1-B) (L4 5+ 2) =1
E+”‘—.2—’—‘:0
orgzh—zj—zﬂjl)=0
R\R® "R

h _ —131+4 _

2

or

\I'IE— 1

2R,
KE = GMm[ ]
-2 R,

(a)

If body is projected with velocity v(v < v,) then

Height up to which it will rise, h =

=—*(Gwen) B e i i

(<)

300

301

302

303

304

mgR.

1
=U; = _Eng“

= U, — (—mgRy) =
(b)
From Kepler's third law of planetary motion also
known as law of periods

= kr?
Where T is time period and r the mean distance
from the sun. Hence, greater is the distance of
planet from sun, greater is its period of

revolution.

(c)
Work done
mgh
W=AU =2
1+ 'y
h
Substituting R = EWE get
mg X 2R
=t
_ 2mgR
3

(d)

The gravitational force of sun on comet is radial,
hence angular momentum is constant over the
entire orbit. Using law of conservation of angular
momentum, at locations A and B

p— 2 —= 1 -
1

m,
B A
m

21

L =mvyry = mvgry or vy = (1)

Using the principle of conservatlon of total energy
atAand B

1 4 tMm 1 5 GMm
—mvl oor, =—m 2
2 b 2 Ty

or vi—vi=2GM (— ——) (i)
Putting the values from Eq. (i) in Eq. (ii) and
solving, we get

[ 2GMr, 1**

- ['ﬁ (ry + 1)

26Mry 1,12
sL=mvyrn=m [ﬂ——**

(ry +132)
(b)

g < pR

(a)

The necessary centripetal force required for a
planet to move round the sun = gravitational
force exerted on it

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)

Get More Learning Materials Here : &

@ www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

| I
1 I
' :
|

| 2 +1 I
I ie Ll GMem GmM [ dx I
I ' R R = UJ dl = —— — |
1 GM. Y2 l 2] [
I v= ( e) GmM ¢ a+! '
: Rt ) = U=- I{:ge( ) :
I 2mR n-1y1/2 L I
, Now, T =-——=2mRX 309 (b) :

v GM, e \ ; 5 ;
| 12 Kinetic and potential energies varies with 1
: — o (RZ X Rn_l) position of earth w.r. t. sun. Angular momentum :
| GM, remains constant every where 1
: Rn+1)/2 311 (a) '
| - 2n{ ) Gy _ G !
: o T o RO+1)/2 x? (r—x)? :
: 305 (a) e T [My _ ’?.ssmnﬂ E
| According of law of gravitation, the force of x Me HRBALS 1
: attraction acting on the body due to earth is given or r=011x+x=111x :
I by x=71/1.11=3.85x% 108/1.11 1
! Mm , =347%x10%m 1
| The acceleration due to gravity g in the body At a height h, (Taking h < < R) from the surface I
: arises due to the force F from Newton’s second of earth {
: law of motion, we have gn=g(1—2—§) or g;ﬁ: 1_%=% :
I F=mg o (i) n_ 1 "
: From Egs. (i) and (ii), we get o= " To0~ 100 :
Mm _ R _ 6400 _
: mg=GF Img_mu_200_32l(m :
I GM 313 (¢) I
: = 9=37 Angular momentum of the earth around the sun is :
I 306 (d) L = Mgvor I
: 1% = grfq 20 GM, GM, !
I g E—Q R =L =M . r vy = " i
: d = depth of mine :
| h = height from surface = L = [MZGMr]/? 1
: . ,(1 _E) g (] B ﬂ) Where, Mz = Mass of the earth }
I il g R M, = Mass of the sun 1
: =d=2h r = Distance between the sun and the earth :
I =10 =2h a Lo i
: = h =5km 314 (c) :
: Gravi_tatiarlz?l force provides the required g =49 (m) - 7z “R+nh }
| centrlpetim:rce oE o =R+h=v2R=h=(v2Z-1)R = 0414R !
m U

| mw?R = L R T T « R? Hence, distance from centre= R + 0414 R = I
| I
| 308 (o) 1.414 R |
| " 315 (a) I
: | M | o At depth d from the surface of the earth. :
: |-d-(."X-I-F H—a—h-| g’:g(]—%) :
: . Given, g’ I—?—Srgzig :
1 Gm (i:-dx) ' 3g e ;‘ 1
! = dj=—>t 2 Then,T=g(1—E) :
: On solving, d = R/4 {
| 1
| 1
| I
| I

o o o)
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318

The escape velocity is independent of angle of
projection, hence, it will remain same
ie.11kms™?,

(d)

2GM
L‘Fe = T

M
2x6.67 x 10711 5 1.99 x 103° dM = 2nr)d
= T(R)E —n(3R)E LT
6.96 x 108
ZMr dr
= 618 km/sec TP
319 (d) i e G.dM
When earth moves round the sun then according P Vi6RZ+12
to Kepler’s second law, the radius vector drawn 26M R r
from the sun to earth, sweeps out equal areas in ETT J;R W' dr
equal time, ie, its areal velocity (or the area swept 26M
out by it per unit time) is constant. While in such T (4‘6 - 5)
moti{m', angular velocity, kinetic energy and i 26M @z - 5)
potential energy change. 7R
320 (b) 324 (o)
mgh mgh mgR For orbiting the earth close to its surface
Al n = B~ )
Tts Tz mv? GMm GM
=——=——,le, = |—=,/8R
321 (c) R R R
2
g=6_ﬂ;;g =§ﬂz=_€“ﬂff_02_ &y = /(9.8 X 6.4 X 10%) = 8 kms !
R K & (?glinR For escaping from close to the surface of earth,
% increase in g = 0
’ 8T GMm 1 oM

2

g 100\ e = AR
=(E_1)X100:[(¥) —1])-(100
4 Vo =vV2 X vy =141x8kms™ ! =11.2kms™ !
[(1 & i) - 1] % 100 = 2% ~. the additional velocity to be imparted to the
29 orbiting satellite for escaping is

322 (9 - 11.2 -8 = 3.2 kms™?
Acceleration due to gravity, g = —- 326 (c)
3 R When two satellite of earth are moving in same
9m _ (M_M) % (&) orbit, then time period of both are equal. Freom
9 Mg Ry Kepler's third law
1 (12742)2 T2 o 73
= — % | —
g 10 6760 Time period is independent of mass, hence their
M =035 time periods will be equal.
He — 0.8 % 0.35 = 3.48 ms—2 The potential energy and kinetic energy are mass
323 (a) o= ' ) dependent, hence the PE and KE of satellites are
not equal.
W=AU=U-U;=U,-U
f s e ; But, if they are orbiting in a same orbit, then they
- TR —m_ 3 have equal orbital speed.
=—Vp(asm=1) 327 (a)
Potential at point P will be obtained by in d ¢ di oy
integration as given below. Let dM be the mass of Insidethe earth g = Zplr + g <1
small rings as shown 328 (q)

Due to rotation of earth the effective acceleration
due to gravity g’ = g — Rw?cos?A.
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For a given point on the surface of earth g M= (i) 2R3
decreases as w increases. The angular speed of 3 P
earth is maximum at equator hence, the value of g and M’ = iﬁ (E)B _ E
on the surface of the earth is smallest. 37\2) P= 8
329 (c) s GMm B Gm(M/8) _ 14GmM
Acceleration due to gravity at height h, (R14)*  (R/4)? R?
2h 335 (b)
gl_g(l_F) W = RgR atid g = JaR % VZ¥y =7,
Acceleration due to gravity at depth h, 336 ()
glzg(l—%) g=§anR=gocdR (p = d given in the
g 1-2h/R (1 Zh) (1 h)“ P;“hlem)
“g, 1—h/R ™ R R 337”_
i Weight on surface of earth, mg = 500N and
= (1 = E) weight below the surface of earth at
R
z—’ decreases linearly with h d= =
2
330 (a) , (1 d)
mg' =m —=
Force between earth and moon F = % i ¥ 14'?
This amount of force, both earth and moon will =mg (1 - E)
exert on each other i. e. they exert same force on mg
each other =—-=250N
331 (c) 338 (a)
The variation of g with angular velocity (w) is GMM My?
given by 12
g =g — Rw? oM
If earth were to spin faster, that is angular velocity =V = e

increases, then except at poles, the weight of
bodies will decrease at all places.

332 (c)
Vp = — %(3.‘?2 —r?) inside the sphere and Vp =
=L
r 339 (d)
outside the sphere Mass of the satellite does not affect the time
333 (b) period
To calculate the force of attraction on the point T, 32 32 U2 1
mass m we should calculate the force due to the - = (—) = (— = (—) S
solid sphere and subtract from this the force T ar 8 2V2
340 (b)

which the mass of the hollow sphere would have

, F=0when0<r <R
exerted on m ie,

Because intensity is zero inside the cavity
Fincreasewhen Ry <r <R,

1
F «x =whenr >R,
T

341 (c)
GM = gR?
_ or_ |,GM, _ [26M
_GmM _ GmM’ UEVAIR= Rt T TR
xz oy 342 (a)

[x=R/4,x +y=R/2] k represents gravitational constant which

depends only on the system of units

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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343

345

347

348

349

351

352

(c)
The value of acceleration due to gravity at height
h (when h is not negligible as compared to R)

RZ
9 =9 R+ny
r—4
Here, g = =
g K
2 IR+
1 _ R?
o 2T R+h)2
3 _ R
E G LR
or R+h=+2ZR
h=(VZ-1)R
@
g = IR
(R+ h)?
= 980 x( e )2 =960 =2
= 6400 + 64) o 0m®
(c)
The orbital velocity of satellite close to the earth is
vp =/ gR. L)

where R, is radius of the earth. The escape
velocity for a body thrown from the earth’s
surface is

v, =/ gR, ... (i)
R 1

Thus, L - L T

Ve Z_QRG \{i

v, = V2,

Ve 2 5

or Y = E = E =2 kms
(a)

Binding energy = — kinetic energy
And if this amount of energy (E,) given to
satellite then it will escape into outer space

(d)

GM
Vg = T

(b)
ga= %‘;. If radius shrinks to half of its present

value then g will becomes four times
(<)
Resultant gravitational intensity at a mid-point on
the line joining the two bodies is
Gmo Gmy 4G
"= G ™

4x 6.6 x 10"
= — 3 (1000 —100)
=24x10""Mkg™!
354 (c)
B.E.=— GMTm If B. E. decreases then r also

2 1
decreases and v increases as v o« =
7y

355 ()
A person feels weightlessness in satellite orbit
because he is in free fall along with the satellite
and experiences no force of support from the
satellite. The perception of weight comes from the
support force exerted on one by the floor, a chair
etc, If that support is removed and one is in free
fall, we feel no experience of weight.

356 (b)
The value of acceleration due to gravity at latitude
A is given by

g2 = g — Rw?cos?A
g — 92 = Rw?cos?a
AtA = 30°,
g — gz = Rw?cos?30°

\,@2

e 2f Y2

=Rw (2)
3

=1RG}2

357 (¢)
For earth, g = f_‘_—f = %]TR[.’)G

For the planet, g; = % =1
1

3
g R 6400

g R 320

Let h and h, be the distance upto which the man
can jump on surface of the earth and planet, then

nRipG

mgh = mg,hy
hy =2 h=20x5=100m
81
358 (a)

Escape velocity does not depend on the mass of
the projectiles
359 (d)

W=D—(~

GMm GMm
T) "R
= gR? x % =mgR
= 1000 x 10 x 6400 x 103
= 64 x 109
= 6.4 x 101°]
360 (a)
FoxmX(1—x)m=xm?(1-x)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)

Get More Learning Materials Here : &

@ www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

m @& www.studentbro.in

361

362

363

Get More Learning Materials Here : &

i dF
For maximum force e = 0

dF 5
=>—=m?—-2xm? =0
dx
=x=1/2
(<)
Change in potential energy
AU = 'Uz s Ul
Kt GMm 3 GMm
~ (R+nR) R
s GMm N GMm
o T~ "RA+n) R
AU = _GMm ! + 1]
or B [ 14+n
(R*g)m  n GM
AU = hg=—
or R (d+n Ig m]
or AU —ng( +1)
(a)

The earth possesses rotational motion about an
axis through its poles. The value of acceleration
due to gravity at a place (at given latitude) is
affected due to its rotational motion. If earth ceases
to rotate, the weight of body at equator will
increase. However, there will be no effect on the
weight at poles. The effect of rotation of the earth
on acceleration due to gravity is to decrease its
value. Therefore, if the earth stops rotating, the
value of g will increase.
(d)
Escape velocity from the earth

(ve) = 11.2 kms™!
Let the mass, radius and density of earth be
M, R and p respectively and for given planet mass,
radius and density are M’, R'and p’, respectively.
~ Escape velocity from the earth

’ZG X n‘R3

BGHRZ

skl

Similarly, escape velor:lty from the given planet

8GmR"™
vy = ’% )

Dividing Eq. (i) by Eq. (ii) we get

SGnRz R2
BGnR'E RZ
112

¥ r
v R

11.2 R
or U’e =E
v'e=224kms™?
364 (d)

GMeM;
2r
_ 6.6 X107 x 6 x 10%* x 2 x 10%°

Binding energy of the system =

2 x 1.5 x 1011
= 2,6 x 1033]
365 (c)
The potential energy of an object at the surface of
the earth

The potential energy of the subject at a height h =

R from the surface of the earth
GMm _ GMm

Uy =— =— o (i
2="Rvrn- R¥g -
Hence, the gain in potential energy of the object
AU = Uz — U]_
AU = GMm GMm
- R+R R
A= GMm e GMm
ZR R
Al'= 16Mm
"2 R
But we know that GM = gR?
H App = L8R
ence, =5 R
1
or AU = Eng
366 (a)
Using conservation of energy.
1 , GMm " GMm
TR T
1 2 _ GMm GMm
or =MV = —— —
2
3 GM [1 1
or v-=2=—|1—-=
R 2
, GM
or vt =—
R
But gR? = GM
_ |9F
A B
or v=.,gR
367 (a)
Gravitational force dsesnot depend on the
medium.
368 (c)
5\3/2 15 |
TZ = T] (E) =dy (Z) —_— g time‘s
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369 (c) For the satellite to move along closed orbit (a

5\2/3 R+ 3R\3/2 circle with a radius R + h) it should be acted upon
=T, (?'—1) =83 ( R ) by a force directed towards the centre. [n this
=83 x 8 = 664 min case, this is the force of earth's attraction.

370 (c) According to Newton's Second law
For w2w, 3w apparent weight will be zero mv® _ GMm
because the system is falling freely. So the R+h ™ (R+h)?
distances of the weights from the rod will be At the earth's surface,ﬁ%m =mg
same. =

371 (c) Therefore, v = J% =75kms™!
vy1y = vpr, [+ angular momentum is constant] |3g1 (d)

372 (c) S, is correct because whatever be the g, the same
The velocity of the spoon will be equal to the force is acting on both the pans. Using a spring
orbital velocity when dropped out of the space- balance, the value of g is greater at the pole.
ship Therefore mg at the pole is greater. S, is correct.

373 (d) S, and S, are correct
v=-"andl =2 382 ()

V=0and!/=0atr=co F=m; i

374 -

© #l=— =1 =30Nkg

- [G__ gR? 10 x (64 x 105)? 383 (d)
= \' B J ro J 8000 x 103 Gravitational force between sphere of mass M and
= 71.5 x 10®m/s = 7.15 km/s the particle of mass m at B is

375 (a) F, = 'f“':_f

The relation between density (d) and acceleration

A [;Ml is the mass of the removed part of sphere,
3g then
— 4 14 M
T:
d_l - f,_l erii s Gravitational force between the removed part and
gﬁ dl 5 92 the particle of mass m at B is
g J:ﬁ b GMim  GM/8m  GMm

92 a1y 27 (d—R/2)? (d—R/2)* 8(d—R/2)?

376 (a) e of —

By conservation of angular momentum mvr =

constant )
o il
Vmin X "max = Vmax X Tmin

60 % 1.6 X 1012 60

" Vi = e = — = 12 m/s
o 8 x 102 5 .. Required force,
377 () p_p g GMm GMm
T ST RETE TR 2P
2R
378 (a) GM m 1
g =gp — Rw*cos? 2 = a2 1_8(1——£)2
= 8p 2d
1
— w?Rcos? 60° = g, ——Rw? gt (d) -
4 By Kepler'slaw T'= oc R
379 (b) T2 R
Hence (—2) = (—2~)
(vedpr  281Ry (81 Ry O R,
- = [ x—=+ab "
(W2  J2g,R, B2 R: B (Z.SR + R)
380 (a) 6R + R

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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-3

Ty

Tz = (2}_3,’?.‘
For a geostationary satellite

Ty=24h

24

So, Ty = N 6vZh
(c)
1 2_1 o
Emvb, = Em 2gR = mgR
(a)

As g’ =g — w?Rcos? A
The latitude at point on the surface of the earth is
defined as the angle, which the line joining that
point to the centre of earth makes with equatorial
plane. It is denoted by A. For the poles A = 90° and
for equator A = 0°.
(i) Substituting A = 90° in the above expression,
we get
Gpole = g — w?Rcos? 90°
Gpole = 9

ie, there is no effect of rotational motion of the
earth on the value of g at the poles.
(ii) Substituting A = 0° in the above expression,
we get

Yequator = 4 — w*Rcos* 0°

Gequator = & — w’R
ie, the effect of rotation of the earth on the value
of g at the equator is maximum.
(a)
Since the gravitational field is conservative field,
hence, the work done in taking a particle from one
point to another in a gravitational field is path

independent
(a)
L ; : :
9 = G acceleration due to gravity at height A
g _GM R?
9~ RZ (R+h)?
R 2
=¥ (R T h)
1 R \?
= - = |—
9 \R+h
R 1
R+h 3
= 3R=R+h
= 2R=h
(a)

We know that intensity is negative gradient of

potential,

ie,mI = —(dV/dr)and as here I = —(k/7), so

av k[ [ dr

—=—.te,jdV =k | —

dr r r

0 To
or V—-V,= klogri so,V = klogrl+ Vo
1] a

392 (<)

Mass does not vary from place to place
393 (d)

Time period of simple pendulum T = 211'E
[n artificial satellite g’ = 0 =~ T = infinite
394 (d)

Escape velocity of the bady from the surface of

earthisv = ,/2gR

Escape velocity of the body from the platform
Potential energy + Kinetic energy = 0

GMm 1 ) M
:-—W+Emv§=0=>vp= F.R=1Igﬁ’
1 1 1
= =2 R:—; & = —
BVR=Ri T =

395 (d)
Gravitational field intensity
_GM 6.6 X 105 734010
TRz (1.74 x 106)2
= 1.62 Nkg™!
396 (a)
Mass of the ball always remain constant. It does

not depend upon the acceleration due to gravity
397 (a)

i dy 100y 5
g =g (1 —E) = 9.8(1 “m) = 9.66?’!’1/5
398 (a)
Below the surface of the earth g « r and above the
surface of earth g o< 1/r?. Therefore, the graph (a)
is correct
399 (a)

—dV
dx
If V = 0 then gravitational field is necessarily zero
400 (a)

v ’gp R, ’ 1 1
Ve [Ge Ry 4 V2
\f'_

T

Y
401 (b)
According to Kelper’s third law (law of periods),
we have T%a R®
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where 7" is time taken by the planet to go once
around the sun and Ris semi-major axis
(distance) of the elliptical orbit.
: o=k B3 (1)
Where k is constant of proportionality.
When R becomes 4 times let time period be T".

T'% = k(4R)3 .. (i)

T2 1

T2 64

T 1

T 8
or T' = 8T
So, time period becomes 8 times of previous
value.
402 (c)
Just before striking, the distance between the
centre of earth and moon is,
So, acceleration of moon at this moment is
. GM, 16 B oy
_m_ﬁx 10 = 6.4 ms
403 (b)

or

a

1
o -
% increase in speed = 1/2 (% decrease in radius)
=1/2(1%) = 0.5%
i.e.speed will increase by 0.5%
404 (d)

Time period of satellite

1
T W,where M is mass of earth.

o (R + h)*/? where R is radius of the orbit, h is
the height of satellite from the earth's surface.

405 (c)

Escape velocity for that body v, = JZGTm

1, should be more than or equal to speed of light

) 26m
i.e. ’
B

406 (a)
Let a point mass € is placed at a distance of x m
from the point mass A as shown in the figure
M, M My

=

x C () p
sie

1 m

b A N

4
M 4 -
Here, M—“ = - Force between A and C is
B

M

GMM 4
%% "

Fac =

Force between B and C is
GMMp

Bc = iy (i)
According to given problem Fy- = %Fsc

TR = 2(357)  [Using () and i)

xz2 3
M, M, M, x?
X2 30-x2 M, 3(1-x°
4 x? x?
S e Te A i g
Or2=-—or2—2x=x

2
3x:20rx:Em

407 (a)
_ |omM _ |667x 10 x6x 102
=7 - 384000 X 107 =Lkmix
408 (c)

If m is the mass of racket, M that of earth and R is
the radius of earth, then gravitational potential
energy of racket near the surface of earth
_ GMm
TR
Gravitational potential energy of racket at a
height h from earth's surface

e GMm
7 (R+h)
[ncrease in gravitational potential energy of
racket
P —— GMm+GMm
- "'7 R+h R
A GMmh
S T
If v is the escape velocity of racket, then
1
AU = Emv2
- 1,  GMmh
2" TR+ R

= mv*R?+mv?Rh=2GMmh
= v?R?=(2G6M — v*R)h

vIR?
h = oM —vR
409 (c)
Given Ry 2
1V Rp = 3
d, 4
d, 5

As MG = gR2
4
and M=d,x EHRE

4
dg X EHR? xG= gERg
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410

411

413

414

4
or de xgnRe XG =g, e (1)

Similarly for planet
4
dp xganG =gy e (1)

Dividing Eq. (i) by Eq. (ii), we get

ge _R. de

9p Rp dy

_ge_Z 4__8_

5, 35 508
(a)

When a body is acted on by the force towards a
point and the magnitude of force is inversely
proportional to the square of distance. [t means it
obeys inverse square law and represents ellipse,
for example path of the planet around the sun and
the force acts between sun and planet

: 1
proportional to—

(©
Acceleration due to gravity at height h
2h :
w=9(1-%) -0
and depth d
d
9a=9(1-3) . G

From Eq. (i) and (ii),

o(1-2)=o(-9

= 2h =d
()

Time period of satellite

’(R+h)3
T=2n ‘—G'ﬂf—e'—

where R + h = orbital radius of satellite,
M, = mass of earth.
Thus, time period does not depend on mass of
satellite.
(d)
Given that, the orbital velocity of satellite
_ escape velocity

2
v,
- n=x -

But we know that,

RZ

g
v, = R+h and v, = /2gR

On putting these values in Eq. (i)

gR? 2gR
R+h 2
On squaring both sides, we obtain
gR®>  2gR
R+h 4
or 2gR? = gR(R + h)

or ZR=R+hor R=h
or h =R = 6400 km

415 (c)
Value of g decreases when we go from poles to
equator
416 (d)
Kinetic energy of satellite in its orbit
E= Emvff
_1 /GMy GMm
or E=5m(T) ==
kinetic energy at escape velocity
E'= %mvf
1 (26M GMm
=n(5) ==
= 2E
Therefore, additional kinetic energy required
=2E-E=E
417 (c)
Potential energy of a body at the surface of the
earth
GMm 9RZM
PE = — R = - R = —mgR
=500x%9.8x 6.4 x10°
= —3.6 x 1019]

So, if we give this amount of energy in the form of
kinetic energy then body escape from the earth
418 (b)
Gravitational intensity,
_dv 14
Tdx 20
Acceleration due to gravity,
g=1=0.7Nkg™!
Work done under this field in displacing a body
on a slope of 60° through a distance s
=m(gsin60)s
=2x(0.7xv3/2)x8=96]

= 0.7 Nkg™?!
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419 (d)
Weight on mars = mg’' = m—ﬁéﬂz’)@
4 4
=m Xﬁmg=ﬁx 200=80N
420 (c)
m @) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

421

422

423

425

dav _

Here, ! = Pt —k/r
or dV = k%
Integrating it, we get
v r

dr
J‘a‘lr’ = fk —

r
Vo L
orV =V, +klogr/r,
(a)

Angular momentum = Mass X Orbital velocity X
Radius

M

=mx
R

X Ry = mJGMR,

(b)
¥ Zh
Time of decent t = J;. In vacuum no other force

works except gravity so time period will be
exactly equal

(b)

The value of acceleration due to gravity at height
h above the surface of the earth is given by

P
h
' g
nz
1+E)
=g(1+8) =o(1-3)
g =g z) =49 7
: , g
Given, ==
iven g )
g ( Zh)
== ] i
29 R
- 1_1 2h
4 R
2h 3
= —_—=—
R 4
4 3R
—3 = —
8
(d)
l
T=2m |-
g
AT Ag
T 2g
_ _ Ag _ _1,(-05 _
or AT = ~ExT = zx(wu)xz_w.:)oss

+ Time period at equator

=2+ 0.005=2.005s

427 (c)

Lw, = Lw,

5 Tt B TNT
T, 24
=T

428 (c)

The earth is not a solid sphere but is somewhat
flattened at the poles and bulged at equator, its
equatorial radius is 21 km larger than its polar
radius, since,

Hence, value of g is least at equator and maximum
at poles. Also, W = mg, therefore a person will
get more quantity of matter in kg-wt at equator.

430 (b)

431

432

433

Gravitational pull depends upon the acceleration

due to gravity on that planet
1 1
My = EMergm = Ege

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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GM R M 12 1\1/?
R "R, \Mpn ge 6
~ R, = s R
e \/E m
(a)
Gravitational attraction force on particle B
GMpm
B=m"m
7 (Dp/2)
Acceleration of particle due to gravity a = fn—” =
4GMp
b7
(d)
Water fills the tube entirely in gravity less
condition.
(d)
i P &y ER_ 0
At height i/, = =
2h % 10 _ 1
or — = —_—_——= —
R 100~ 100 10
or R =20h=20x320=6400km
B g8 95
Atdeptd, o= 1 i
L [ . S
L 100 100 20
or d == =22 - 320 km
20 20
@) www.studentbro.in
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434 (c)

4 3 2
GXmxm Gx(gﬁﬁ' P) e
= = Z_EPR
(2R)? 4R2 3
~ F «x R*

435 (b)
Using g zi—t’we get g, = g/5
437 (c)

When a sphere of mass m is released in a liquid, it
mg—Fg

falls vertically down with acceleration =

4 4
Sridg —Smripg _(@-pks
%m’zd d

438 (c)
The metallic spheres will be at positions as shown
in the figure.

G
or B =tan?! (—)
g

439 (c)
When there is a weightlessness in the body at the
equator, theng' =r — Rw? =0
or w = ./g/R and linear velocity

- ok = (JaTR)R = &R

. 1
= KE of rotation of earth = ~2-J'm.2

i = - _
] — 2 2
—2><5MR X
—ZM( R}z—lMR
=3 w =z g

440 (b)

The acceleration due to gravity on the new planet

can be using the relation

g:i}—? (I)

4
but M = —R?p, p being density.

3
Thus, Eq. (i) becomes
G xzmR%
4
= x En'Rp
B goxR
g _FK
g R
= .9_’ = ﬂ =3
g R
= g'=3y
441 (c)
TP _Ri _(6R)® _
R GRP
24 x24
T
,  24x24
278
T$ =72
T# =36 %2
T, = 6v2
442 (b)
:—j = constant = T?r~? = constant
443 (a)
U= —GMm G —GMm
r u
=667 x 107 x 6 x 10%* x 7.4 x 10%?
T —7.79 % 1038
=3.8x% 10%m
444 (a)
When a satellite is moving in on elliptical orbit,
it's angular momentum (= r x p) about the
centre of earth dos not change its direction. The
linear momentum (= mv) does not remain
constant as velocity of satellite is not constant.
The total mechanical energy of § is constant at all
locations.
The acceleration of S(=centripetal acceleration)
is always directed towards the centre of earth
445 (c)

Let m be mass of planetand M that of sun, r the
radius between the two. Let the planet be moving
with velocity v,, then

Gravitational force = centripetal force
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446

447

448

I
I
I
I
8 According to kepler’s third law T2 o¢ r3; At r = :
0,T = 0. It shows that the graph between T2 and I
A S 0 C r? is a straight line passing through origin :
- ) 450 (c) ]
/ Atequator, g’ = g — Rw?. When angular velocity :
D be :
GMm  mv} '(= xw), then,0 = g— Rw? or ' = ,/g/R = xw I
2 r or x = (/g/R)/ w {
GM _ J10/(6.4x10%) . 1
- v, = [— or x =*——————=X 24 x 60 x 60 = 17 :
r 451 (c) 1
— vf’“vi/— Atequator,g’ = g— Rw? =0orw = \/g/R :
r - i

r w=+10/(6.4x 10%) = 1.25 x 1073 rads™! I
Hence, larger the distance, smaller the orbital S /( ) = |
velocity. At point € distance from sun is 452 () !
; i : E When the thief with box on his head jumped down I
maximum, hence orbital velocity is lowest. At - y : - s |
. . Co from a wall, he along with box is falling down with 1
point 4 distance from sun is minimum, hence : ; i

. L . acceleration due to gravity, so the apparent
orbital velocity is maximum. : 1
(d) weight of box becomes zero, (because, R = mg — I
. Gmym, Gmymy i mg = 0), so he experiences no load till he reaches {

- — - ol
G+ 2r)? opz e r the ground :
Note that F o r* by taking m = ~7r*p and then fatAd] I
. y gm =31 Acceleration due to gravity at a height h form the 1
F o ¥ Z e, F ot surface of the eazith :
: I
is not correct because the gravitational law obeys g =4 N2 1
inverse square law and is not related with (1 + E) :
densities Given, h=2R i
© frg :
If m is the mass and v is the orbital velocity of the (1+2)? I
satellite, then kinetic energy. or g'= % :
F = mv? 455 (d) '
_ P G(M/2) _ 26M _ |
o Em = %mzvz Here,g = GM/Rand g’ = War = R 2g :
PPN 1 1. %mcreasemg_( g)x’m{) :
= ; 2g —
or mv =v2Em sz kL) = ( g g) X 100 = 100% :
If r is the radius of the orbit of the satellite, then g i
its angular momentum 456 (b) }
= mur v g, R I
= r ’ [ =
Using Eq. (i), V= 2gR=>U—B_ EXR—E_VI] xX4=2 :
- o 2
L= (V2Em)r = J2Emr 2 vy = 2, -
(© o ‘ | 458 (a) I
If the body is projected with velocity v(v < v.) Since, T2 = kr? {
then height up to where it rises, IAT  3Ar AT  3Ar I
— T — T — T ——
g T r T 2r '
”_Z = 459 (b) I
v GM G 4 4 I
= h = ——=——=4R (approx.) 8= p7 923’”? p=gmGpRie,g=R :
(1—;, == 460 (b) I
I
(©) I
1
1
I
I
L--------------_------------------_------------------------J
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| I
1 I
' :
|

| 2 2 2 2 I

L L Mv GM
I A c0530° = Mwr = ——— 7= ie, = v’?(—) |
: IZ 3 V3 (L/\,@] L? :
: o _ (oM t
I 13 or v = T i
| 462 (o) I
1 GM . 1
I 9= Since M and r are constant, so g = 465 (b) I
| 9.8m/s? Let velocities of these masses at r distance from I
: 463 (c) each other be v; and v, respectively :
: Here, AB=BC=CD=DA=1m By conservation of momentum :
I BD = AC myv; —mpvy =0 I
| =S my; =myv, LG(1) I
=412 412 1¥1 2l
: By conservation of energy E
| ) =V2m Change in P.E. = change in K. E. I
: Total potential energy Gmym, 1 . s :
_ —Gx1x1 —Gx1x1 =—myvy +=myvs
| U= r 2 2 |
: = i 52 mivi + mivi _ 26mymy (i) :
_I_ my my r
: CcD On solving equation (i) and (ii) :
I -Gx1x1 —Gx1x1 P s 1
| +[ DA ]+[ BD ] = ; dUZZ = |
I i s r{my+ms) r(my+ms) I
| |
+
1 2G 1
: [ lexl] [ Gx1x cac “ Vapp = (V1] + [vg| = 'T(mz +my) !
=4 x = g,

: = 466 (a) :
| " H 9 v R I
I Tkg [ kg P — ‘g—‘T"x—p=«\/‘5\'><4=6.'.vl,=6><vE I
I W it Ve ge Re :
I \-\ I/

1 A \\\f’ = - 67.2km/5 1
I - PN - '

SN 467 (b)
| - . I
| ,/’/ \\\ TERZ 1/3 1
l ey 1 “glke ! =(4n2) f F
| A lm——»B 5 6o 1/3 1
x (6. .
: 464 (a) =[(24x60x60) (64;(10 ) x98] _ad {
I Given, F; = F, = F and 6 = 60° [ + 2 @2/ ]
I A x 10° 1
: ’Q\M = 3.6 x 10”m = 36000 km :
| AN 468 (b) 4
| I
| /; b ' R + h)? 2R)3 I
: L't" “ L T=2n '(:.gTz)ZZ { ) 4\f_ﬂ\]: :
i »
| y I
I e \ 469 (d) 1
! L : According to Kepler’s law T2 o 73 !
" P e g D¢ ccording to Kepler's law T= ot r I
| M L M (Tl)z (r1)3 1
= =] =(—
: Resultant force = V3 F Ty T3 :
: ~ Force on mass at A due to mass at B and C 470 (a) I
I GM? From Kepler's third law of planetary motion :
| = Vf_( ) T?2 x R3 I
| i |
1 Centripetal force for circumscribing the triangle Given, Ry = 2R, I
: in a circular orbit is provided by mutual T_ez _ R_g :
| gravitational interaction. T2 Rf; I
| I
| |
| I
| I
| I
L O O S S S N S S S S S S R . S S S S S S S S S S S S S S S S S S S S S . S S S . S S S S S S S S S S S . S . -J
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T2 R

- TF @R
T 1 32
= =)
= T, = 2V2T,
Since, T, = 365 days = 1 year,we have
T, = 2v2 x 365 days
T, = 1032.37
T, = 1032 days.
471 (a)
If the mass of sun is M and radius of the planet’s
orbitisr,

Now, if the planet (When stopped in the orbit) has
velocity v when it is at a distance x from the sun,

by conservation of mechanical energy,

1 i GMm GMm

—mv* + (——) =0-

2 x r
dx\°  26M

% ’ZGM ’{r—x

urfudt J; I [{r x)]dx

Substituting xr 511’12 8 and solving the RHS,

\JZGM

In the light of Eq (1) reduces to

t—;?’tet (J—E)T
VA2 ~\8

472 (c)
T2 = E*r"3. If G is variable then time period,
angular velocity and orbital radius also changes
accordingly
473 (b)
) R R\ 4
§=9 (R_—l-h) =4 (3R/2)) =599
= 10m/sec?]
;A 4% 200 x 10
W W =§xmg=T=889N
474 (a)
Total Total final
(mechanical) = (mechanica])
energy /, energy /,

Get More Learning Materials Here : &

475

476

477

478

479

GMM 1 GMm
= —m(0)? — =_—mp? ———
2 2 R
(V3R) R?

cMm 1 5 GMm
=TBE g
GM
=v=1Ir
(a)

2h
or mg' =mg (1——)

R,
, 2h
ie w =w (‘.l _R_e)
99 2h
zas™ =7 {1~ R—,,)
ie, h = 0.005R,

At point below the surface of earth at depth h. The
weight of body given by

" (1 Zh)

w' =w R,

wl

— = 0.995

w

(1-0.995)w
%Aw = 0.5%(decreases)

(b)
Due to inertia of direction
(d)

Using law of conservation of energy
GMm 1 , GMm
2 R
2 GM GM
2 R T

_GM(r—R) _ R(r—H)
N rR / g r
= 2g9R(r—R)/r
(b)
GM GX- HRgp 4 _
8= Rz _—R2 ZEEGpR ie,gx R

For pendulum clock, g will increase on the planet,
so time period will decrease. But for spring clock,
it will not change. Hence, P will run faster than §
(b)

g : GM
Gravitational force due to solid sphere, F;, = ——

@R)?
where M and m are mass of the solid sphere and
particle respectively and R is the radius of the
sphere. The gravitational force on particle due to

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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480

481

482

483

484

485

486

sphere with cavity = force due to solid sphere
creating cavity, assumed to be present above at
that position

g _GMm_G(M/8)m _ 7 GMm
‘T2 4RT T"(BR/2)Z 36 R?

. F _76Mm  (GMmY _7

bG‘F_i_ 36R? (-mz )_9

(<)

1 ; o ; ;
Ve X 7= where r is a position of body from the

surface

r R+ 7R 7
= [|=—= =V = —
T R )

()

Gravitational potential at a pint outside the

-GM . o
sphere V, = —— But I is same at a point inside

the hollow sphere as on the surface of sphere.
Hence, graph (c) is correct.

(b)
Hence, g’ = g— Rw? = 0;

w = /g/R = /10/(6400 x 10%) = 1/800
(c)
GMm

Force on the body = s

To move it by a small distance dx,

Work done = F dx = EﬂJ‘I—WL-af_i;"c

R+h
Total work done = GMm J'R'm o [ i

xZ
B 1 1
= GMm |- 7
(R +h)—R|  GMmh
R(R+h) | R(R+h)
GM mhR  gmhR  PRh
R® R +h R+h R+h
()
_—GM —-GM
[3 ] » Vsurface = Tr Vout
T
(a)
Binding energy = |E|
1G6Mm 1
=7 Rr, ~zImk
()
aM
=7
~logg=logG +logM —2Zlogr
Differentiating both sides w.r.t. ¢
1 dg _
eoat T (dc BrANIIS 1)
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488

489

490

492

493

1 sdg 1 sdr
= g(—x 1{)0) ==7 x—(—xl(][))

dt r \dt
28 %100 = —2 x (~1) = 2
= — = - —1i)=
= (=1
* g increasing by 2%
(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. In other words, a planet moves around the
sun under the effect of a purely radial force.
Therefore, areal velocity of the planet must

always remain constant.

AA L
— = — = a constant vector
At 2m

Therefore, Kepler's 2nd law is the consequence of
the principle of conservation of angular
momentum (L)
t=10
Now, T=1ua
la=0or a=0
or apr=ra=>0
ie, tangential acceleration is zero.
(d)
For central force, torque is zero

dL
W e 0 = L = constant

i.e. Angular momentum is constant

(b)

Below the sea level the pressure is increasing
with depth in mine due to presence of
atmospheric air there. The acceleration due to
gravity below the surface of the earth decreases
with the distance from the surface of the earth

s o =g(1-9)
()
The velocity with which satellite is orbiting
around the earth is the orbital velocity (v,) and
that required to escape out of gravitational pull of
earth is the escape velocity (v,).
We know that
Vv, = m and v, = ,fg—R
~ Increase in ve ocity required
—v, _/ZgR— 3R
v, \/'g_,q
=V2—-1=0414
Percent increase in velocity required
=0.414 x 100 = 41.4%
(a)

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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Because value of g decreases when we move
either in coal mine or at the top of mountain
494 (c)

!
1‘

(R+R/2)
_pem_ 2,
“J3 R (3
495 (a)

-GMm __ GMm _ —GMm
r  Reth  2R.

Potential energy =

gRem _ 1 o - _05mgR
2R, 2" = TUomgRe

496 (c)
Error in weight = difference in weight at two
different heights

2h, 2h,
= mg|1 -] - me[1 -2
B mgh L —2meMxh
- R ( 2 1) - R Rz 2
[where, h, — hy = hs]
2m 4 . h 4
=F><GX§T[R p><5=§m§mph
497 (c)
g' e
o h 2
(i+3
g__9
== 2
=
(1+5) =16
=) =
Th g
==
¢ =3
i
h=3R
498 (a)
. GMm  2m\* GM 42 R3
mow“R = Rz :(F) R=F:M=—GT2
499 (c)
M\ (R, 1
14 e ]
=g.(=L][=]) = 9.3(—) 2
Gp ge(Me)(Rp) g0/ @
=9.8/20 = 0.49m /s>
500 (b)

[26m ;
Ve = [ P Ve X VM if R = constant

501

502

503

504

505

507

[f the mass of the planet becomes four times then
escape velocity will become 2 times

(c)

Gravitational field due to a spherical shell

At a point inside the shell, i.e.,r < R

Eipsige = 0

= The gravitational force acting on a point mass m
atadistance R/2 is

F = mEinsige = 0

(a)

1 : ; :
v« = If orbital radius becomes 4 times then

orbital velocity will becomes half, i. e.% =
35km/s

(a)

The energy given to the body so as to completely
escape from its orbit is equal to its kinetic energy
KE.

(@)

Radius ofearth R = 6400 km ~ h =

4
Acceleration due to gravity at a height h
74

R \? R 16

n=9(zzs) =9|7pz) =30
4

At depth "d’ value of acceleration due to gravity

gq= %yn (According to problem)

- _1(16) - (1 d)_1(16)
9a=3\25)9 79\ ") T 2\35)9

By solving we get d = 4.3 x 10°m
(<)

Let gravitation field is zero at P as shown in

L

figure.
‘ifi 1? 4m
‘ i-t—x-a-l-— P X
- r >
tm  G(4m)
-2
= 4x? = (r — x)?
= 2x=r—x
r
= X = §
tm G(4m)
o = x r—=x
3Gm 6Gm 9Gm
STy Ty T Ty
(b)
mg = Gﬂ;fz:m; where My and R is the mass and

radius of the earth respectively. My = %RE

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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GRAVITATION

Assertion - Reasoning Type
This section contain(s) 0 questions numbered 1 to 0. Each question contains STATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c¢) and (d) out of which ONLY ONE is correct.

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

1
Statement 1: A body becomes weightless at the centre of earth
Statement 2: As the distance from centre of earth decreases, acceleration due to gravity increases
2
Statement 1: The speed of revolution of an artificial satellite revolving very near the earth is 8 kms™!
Statement 2: Orbital velocity of a satellite, become independent of height of satellite
3
Statement 1: We can not move even a finger without disturbing all the stars
Statement 2: Every body in this universe attracts every other body with a force which is inversely
proportional to the square of distance between them
4
Statement 1: There is no effect of rotation of earth on acceleration due to gravity at poles
Statement 2: Rotation of earth is about polar axis
5
Statement 1: Space rockets are usually launched in the equatorial line from west to east
Statement 2: The acceleration due to gravity is minimum at the equator
6

Statement 1: Orbital velocity of a satellite is greater than its escape velocity

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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Statement 2: Orbit of a satellite is within the gravitational field of earth whereas escaping is beyouned
the gravitational field of earth

Statement 1: An astronaut in an orbiting space station above the earth experience weightlessness

Statement 2: An object moving around the earth under the influence of earth's gravitational force is in
a state of free fall

| I
1 I
| I
| I
| 1
| I
I I
| |
| 7 |
| 1
[ Statement 1: The time period of geostationary satellite is 24 hours 1
1 I
: Statement 2: Geostationary satellite must have the same time period as the time taken by the earth to :
1 complete one revolution about its axis 1
| I
| 8 I
| 1
| Statement 1: The principle of superposition is not valid for gravitational force 1
1 1
: Statement 2: Gravitational force is a conservative force :
| 1
| 9 1
| I
: Statement 1: A force act upon the earth revolving in a circular orbit about the sun. Hence work should :
: be done on the earth :
I Statement 2: The necessary centripetal force for circular motion of earth comes from the gravitational i
| force between earth and sun 1
| I
| 10 ]
1 I
: Statement 1: Even when orbit of a satellite is elliptical, its plane of rotation passes through the centre :
I of earth I
: Statement 2: According to law of conservation of angular momentum plane of rotation of satellite :
I always remain same i
I 11 I
| |
: Statement 1: A planet moves faster, when it is closer to the sun in its orbit and vice versa :
| 1
: Statement 2: Orbital velocity in the orbit of planet is constant :
| I
I 12 ]
| I
: Statement 1: If earth suddenly stops rotating about its axis then the value of acceleration due to gravity :
I will becomes same at all the places 1
: Statement 2: The value of acceleration due to gravity is independent of rotation of earth :
1 I
I 13 I
| I
: Statement 1: Earth has an atmosphere but the moon does not :
| 1
I Statement 2: Moon is very small in comparison to earth 1
| 1
| I
1 14 I
| I
1 Statement 1: [f a pendulum is suspended in a lift and lift is falling freely, then its time period becomes 1
: infinite :
| Statement 2: Free falling body has acceleration equal to acceleration due to gravity [
| [
1 I
| 15 1
| I
| |
1 I
| 1
| 1
| I
| 1
| 1
| I
| I
| I

o o o)
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16

Statement 1: Generally the path of a projectile from the earth is parabolic but it is elliptical for
projectiles going to a very great height

Statement 2: Upto ordinary height the projectile moves under a uniform gravitational force, but for
great heights, projectile moves under a variable force

Statement 1: Gravitational force between two particles is negligible small compared to the electrical
force

| I
1 I
| I
| I
| I
| I
I I
| |
| |
| 1
I I
1 I
| 1
| 17 1
| I
: Statement 1: The speed of satellite always remains constant in an orbit {
| 1
| Statement 2: The speed of a satellite depends on its path 1
1 1
| I
| 18 I
| 1
| Statement 1: The difference in the value of acceleration due to gravity at pole and equator is |
: proportional to square of angular velocity of earth :
1 Statement 2: The value of acceleration due to gravity is minimum at the equator and maximum at the 1
: pole :
| 19 I
| 1
: Statement 1: Two different planets have same escape velocity :
1 I
: Statement 2: Value of escape velocity is a universal constant :
| 1
| 20 I
1 I
: Statement 1: Two satellites are following one another in the same circular orbit. If one satellite tries to :
| catch another (leading one) satellite, then it can be done by increasing its speed without 1
: changing the orbit :
| Statement 2: The energy of earth satellites system in circular orbit is given by E = -—sz—rm. where r is 1
I g , !
I the radius of the circular orbit 1
| 21 ]
1 I
| I
I Statement 1: When distance between two bodies is doubled and also mass of each body is also I
: doubled. Gravitational force between them remains the same :
1 Statement 2: According to Newton's law of gravitation, force is directly proportional to mass of bodies 1
: and inversely proportional to distance between them :
| 22 I
| I
: Statement 1: For a mass M kept at the centre of a cube of side ‘a’, the flux of gravitational field passing :
[ through its sides is 4 m GM 1
: Statement 2: [f the direction of a field due to a point source is radial and its dependence on the distance :
: ‘r' from the source is given as rlz its flux through a closed surface depends only on the :
| strength of the source enclosed by the surface and not on the size or shape of the surface 1
| 1
| 23 I
| I
| Statement 1: An astronaut in an orbiting space station above the Earth experiences weightlessness [
| I
: Statement 2: An object moving around the Earth under the influence of Earth’s gravitational force is in {
I a state of ‘free-fall’ !
| |
| 24 I
| 1
| 1
| I
| I
| 1
| I
| I
| I

o o o)
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Statement 2: The electrical force is experienced by charged particles only

25
Statement 1: The time period of revolution of a satellite close to surface of earth is smaller than that
revolving away from surface of earth
Statement 2: The square of time period of revolution of a satellite is directly proportional to cube of its
orbital radius
26
Statement 1: The binding energy of a satellite does not depend upon the mass of the satellite
Statement 2: Binding energy is the negative value of total energy of satellite
27

Statement 1: Gravitational potential of earth at every place on it is negative

Statement 2: Every body on earth is bound by the attraction of earth

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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GRAVITATION

: HINTS AND SOLUTIONS :

1

(<)
Variation of g with depth from surface of earth is
given by

"= gr (1 d)
E =8 R

At the centre of earth,d = R

d
. g =g(1—ﬁ)=0
+ Apparent weight of body = mg’' = 0
Assertion is true but reason is false
(a)

vg = R fﬁ for a satellite revolving very near
e
the earth surface R, + h =R,

Vg = /Reg

=+64x10°x10
=8x10°ms™! = 8kms™?!
Which is independent of height of satellite

Both Assertion and Reason are true and reason is
the correct explanation of assertion

(@)
According to Newton's law of gravitation, every
body in this universe attracts every other body
with a force which is inversely proportional to the
square of the distance between them. When we
move our finger, the distance of the objects with
respect to finger changes, hence the force of
attraction changes, disturbing the entire universe,
including stars

(a)

As a rotation of earth takes place about polar axis
therefore, body places at poles will not feel any
centrifugal force and its weight or acceleration
due to gravity remains unaffected

(b)

We know that earth revolves from west to east
about its polar axis. Therefore, all the particles on
the earth have velocity from west to east

This velocity is maximum in the equatorial line, as
v = Rw, where R is the radius of earth and w is
the angular velocity of revolution of earth about
its polar axis

When a rocket is launched from west to east in
equatorial plane, the maximum linear velocity is
added to the launching velocity of the rocket, due
to which launching becomes easier

(d)

The orbital velocity, if a satellite close to earth is
vy = 4/ gR,, while the escape velocity for a body

thrown from the earths surface v, = ,/2gR,
v 'gR 1 |
—0 o ; £ = — —

Thus = ;&_—.fz_g 75 0T Ve V2v

Assertion is false but reason is true

(b)

As the geostationary satellite is established in an
orbit in the plane of the equator at a particular
place, so it move in the same sense as the earth
and hence its time period of revolution is equal to
24 hours, which is equal to time period of
revolution of earth about its axis

(d)

The total gravitational force on ane particle due to
number of particles is the resultant force of
attraction (or gravitational force) exerted on the

Get More Learning Materials Here : &
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10

11

12

13

14

15

given particle due to individual particles, i.e., F =
F, + F, + F; + - It means the principle of
superposition is valid

(d)

Earth revolves around the sun in circular path and
required centripetal force is provided by
gravitational force between earth and sun but the
work done by this centripetal force is zero

()

As no torque is acting on the planet, its angular
momentum must remain constant in magnitude
as well as direction. Therefore, plane of rotation
must pass through the centre of earth

(<)

According to Kepler's law of planetary motion, a
planet revolves around the sun in such a way that
its areal velocity is constant, i. e., it move faster,
when it is closer the sun and vice-versa

(<)

The value of g at any place is given by the relation,

g' = g — w?R, cos? 2. When 4 is angle of latitude
and w is the angular velocity of earth

Ifw=0, ~g" =g Ifthere is no rotation

Assertion is true but reason is false

(b)

If root mean square velocity of the gas molecules
is less than escape velocity from that planet (or
satellite) then atmosphere will remain attached
with that planet and if vy > Uescape then there
will be no atmosphere on the planet. This is the
reason for no atmosphere at moon

(@)
If a pendulum is suspended in a lift and lift is
moving downward with some acceleration a, then

time period of pendulum is given by, T = 2n f;:

In the case of free fall, @ = gthen T = o

i.e., the time period of pendulum becomes infinite

(@)

16

17

18

19

21

Force acting on astronant is utilised in providing
necessary centripetal force, thus he feels
weighlessness, as he in a state of free fall.

(c)

Upto ordinary heights the change in the distance
of a projectile from the centre of the earth is
negligible compared to the radius of the earth.
Hence, projectile moves under a nearly uniform
gravitation force and its path is parabolic. But for
projectile going to great height, the gravitational
force decreases in inverse proportion to the
square of the distance of the projectile from the
centre of the earth. Under such a variable force
the path of projectile is elliptical.

Both Assertion and Reason are true and reason is
the correct explanation of Assertion.

(d)

[f the orbital path of a satellite is circular, then its
speed is constant and if the orbital path of a
satellite is elliptical, then its speed in its orbit is
not constant. In that case its areal velocity is
constant

(b)

Acceleration due to gravity,

g =g — Rw?cos? A

At equator,1 = 0°i.e.cos0°=1- g, = g — Rw?
Atpoles, A =90%i.e.cos90° =0 ~ g, =g
Thus, g, = ge = g — § + Rw® = Re?

Also, the value of g is maximum at poles and
minimum at equators

(d)
; 2em .
As, escape velocity = — v Soits value depends

on mass of planet and radius of the planet. The
two different planets have same escape velocity,
when these quantities (mass and radius) are
equal

(a)

According to Newton’s law of gravitation, F =
Gy s

e

When my, m, and r all are doubled,

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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22

24

v?  GM GM gR

(R+h) R

ie, remains the same.

Both assertion reason are true and reason is
correct explanation of assertion

(@)
Gravitational Flux (¢,) = [ E.d§

For any closed surface ¢, = 4w GM

and gravitational field E o lz
r

(b)

If r is the distance between two electrons then
according to Newtons law, the gravitational force
between them is

m? 11 (91 x10771)2
Fo=6G—=667x107" x———
r r
e ()

and according to Coulomb's law, the electrical
force between electron is

1 gx 1.6 x 10719)2
F, = q_q=9x10‘gx;
e, 12 12
_2x107%8
:T
Fg . A0 —43 —43
o F—e = 10—'23 =10 e, FG =10 F;?

25

26

27

ie, gravitational force between two particles is
negligible compared to the electrical force,

Both assertion and reason are true but reason is
not the correct explanation of assertion

(a)
According to kepler's law T? o r¥ oc (R + h)?

i.e.if distance of satellite is more then its time
period will be more

(d)

Binding energy is the minimum energy required

to free a satellite from the gravitational attraction.

[t is the negative value of total energy of satellite.
Let a satellite of mass m be revolving around
earth of mass M, and radius R, total energy of
satellite = PE + KE = ﬂfnl + %mvz
-GM,m GM,m

R, * 2R,

GMm
2R,

=~ Binding energy of satellite = —(total energy of
satellite)

which depend on mass of the satellite

Assertion is false but reason is true

(a)

Because gravitational force is always attractive in
nature and every body is bound by this
gravitational force of attraction of earth
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