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11.

12.

13.

Single Correct Answer Type

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 10* kg and G=6.67 x 10" in MKS units is

D 2 x10%m b)27x10%m 953x10%m D53x10m
Average density of the earth

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

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

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%

d)

‘) g increases by 4% and K increases by 4% g decreases by 4% and K increases by 4%

A body 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) b, ) (n+1)"! D (n+1)
Infinite number of masses, each 1 kg, are placed along the x-axis at x=+1m,+2m,+4m,+8m,+16m .....
The magnitude of the resultant gravitational potential in terms of gravitational constant G at the origin (x ZO) is

) G2 e 926G DFYe
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) 1:6 b)6:1 ) /6:1 D1.76

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) 5.5kms " b) 11kms™" ‘) 22kms ™"

The escape velocity of a planet having mass 6 times and radius 2 times as that of earth is

d) None of these

a) 3V, b3y, 9 \2v, dov,
Kepler discovered

a) Laws of motion b) Laws of rotational motion

c) Laws of planetary motion d) Laws of curvilinear motion

In the solar system, which is conserved
a) Total Energy b) K.E. c) Angular Velocity d) Linear Momentum

A small satellite is revolving near earth’s surface. Its orbital velocity will be nearly

a) 8 km/ sec b) 11 2km/sec ) 4 km/sec d) 6 km/ sec

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

A mass m is placed at a point B in the gravitational field of mass M. When the mass m is brought from B to near
point A, its gravitational potential energy will
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a) Remain unchanged b) Increase c) Decrease d) Become zero

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) g ) E2 dsHp

The largest and the shortest distance of the earth from the sun are I'; and I',, its distance from the sun when it is at
the perpendicular to the major axis of the orbit drawn from the sun
a) *ry b) Mil2 ¢) 2N At

4 ry+r, ri+r, 3
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) 112 x10%kms ™" D) 112kms™ ) 11.2kms™! 9 11.2x10 kms "

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

A man weighs 80 kg on earth surface. The height above ground where he will weigh 40kg, is (radius of earth is
6400 km)

3) 031 times b) 041 times r ) 0.51 times 4) 0.61 times r

At what temperature, the hydrogen molecule will escape from earth’s surface?

3 10'K )10’k 9 10°K 410°K
An earth satellite of mass m revolves in a circular orbit of a height h 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 orbit

is given by
a) gR* b) 4R ) 9R_ d)\/ng
R+h R+h R+h

For a satellite moving in an orbit around the earth, the ratio of kinetic energy to potential energy is

a) 2 b) 1 o 1 NG

2 V2
In some region, the gravitational field is zero. The gravitational potential in this region
a) Must be variable b) Must be constant c) Cannot be zero d) Must be zero

The ratio of the radii of planets A and B is K; and ratio of acceleration due to gravity on them is K,. The ratio of

escape velocities from them will be

Dk k, D) kK ) \/ﬁ Q) \/k_
k2 kl

Two identical satellites are at R and 7 R 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

) Ratio of potential energies will be y

d) Ratio of total energy will be y but ratio of potential and kinetic energy will be z
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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

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 ?

2 4 % 10°km b)'3x10*km ) 4/3x10*km 41 x10*km

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

gravitational potential at the mid-point on the line joining the centre of the spheres is
a) Zero b) —GM c) —2GM d) —4GM
r r r

The orbital speed of Jupiter is
a) Greater than the orbital speed of earth b) Less than the orbital speed of earth
c) Equal to the orbital speed of earth d) Zero

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

Gravitational mass is proportional to gravitational
a) Field b) Force c) Intensity d) All of these

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)8R b) 4 R cJ2R d) R

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

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

a) R by M ) 2 QM
M R’ R
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

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

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
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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

An object weighs 72 N on earth. Its weight at a height of R/2 from earth is

a) 32N b) 56 N c) 79N d) Zero
The acceleration due (, gravity becomes g)

{ acceleration due to gravity on the surface of the earth) at a height equal to

a) 4R b) % ) 2R d) %

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 ro?

. Then the correct
relation is

a) T2 o p¥2 b) T2 o p7? ) T o d) T2 o p7?
A spherically symmetric gravitational system of particles has a mass density

_|poforr<R
Oforr>R

where Pyis 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<oo| from the centre of the system is represented by

L 1

b)

[ IR
=5

d)

Iz

P

R
A spherical planet for out in space has a mass M and diameter D,. A particle of mass m falling freely new the
surface of this planet will experience an acceleration due to gravity which is equal to

) G M,/ D’ ) 4mG m,/D? ) 4GM,/ D 4 6 mm,/ D3

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) 6 m from 8 kg d) 2.5 m from 2 kg

Suppose the law of gravitational attraction suddenly changes and becomes an inverse cube law i.e. F o 1/ 3, but

still remaining a central force. Then
a) Keplers law of areas still holds

b) Keplers law of period still holds
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c) Keplers law of areas and period still hold
d) Neither the law of areas, nor the law of period still holds

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)llz b) (Kg)71/2 c) (Kg]z d) (Kgrz
The period of revolution of planet A 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)s

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%x10 *rad/ sec b) 6.7 x10 *rad/sec <) 7.8x10 *rad/sec d) 8.7 x10 *rad/ sec

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 4 R is

A4t B) /4 g /8
The escape velocity for a body projected vertically upwards from the surface of the earth is 11.2kms . I the

body is projected in a direction making an angle of 45 © with the vertical, the escape velocity will be

) 11.2kms ™" D) 112 x\2kms™! ) 11.2x2kms"! D112/ 2kms ™

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

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
If orbital velocity of planet is given by v=G* M"R°, then

a) 0=1/3,b=1/3,c=—1/3 b) 4=1/2,b=1/2,c=—1/2
) a=1/2,b=—1/2,c=1/2 A a=1/2,b=—1/2,c=—1/2

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 body, velocity of the body at infinite distance is
a) Zero b) v, c) \/Eve d) 2v,

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
a) GM b) = GM c) Zero d) GM

2R’ 2R’ 4R
A solid sphere is of density p and radius R. The gravitational field at a distance r from the centre of the sphere,
where r<R, is
a) ptGR’ b) 4nGpr’ ) 4nGpR’ d)4nGpr

r 3 3r° 3

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)llz b) (Kg)—llz ) <Kg>2 d) (Kg)—z

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
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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

If a planet 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 (,9.8m/s ec®)
3 4.9m/sec’ b 8.9m/sec? ) 19.6m/sec’ D 29.4m/sec

The escape velocity of a particle of mass m varias as

a) > b) ¢) 0 d) i

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)

a) %s b)2\ﬁs ) 2s d)%s

A planet revolves around the sun in an elliptical orbit. The linear speed of the planet will be maximum at

a) D b) B Q) A d)c

The time period T of the moon of planet Mars (Mass M ) is related to its orbital radius R { = Gravitational
constant) as
23 2 3 3
a) T2:4nR b)T2:47T GR ) T2:27IR G
GM,, M, M,
The mean radius of the earth is R, its angular speed on its own axis is @ and the acceleration due to gravity at

D72=4n M, GR

earth’s surface is g. The cube of the radius of the orbit of a geostationary satellite will be
a) R'glw b) R*w’lg ) Rglw® ) R'glo’
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
D5 5kms ! ®) 11 kms ! 9 15.5kms! D 22kms™!
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

A body of mass 500 g is thrown upward with a velocity 20 ms~ ' 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) 4N c)5N d) 1N

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
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d) Product of the mass of the milky way and its distance from the earth

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) Its 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

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 Q, when it is farthest from the sun at a distance d,, its speed will be
a) i b) 421 9 4V @ Vi

d d, d, d:
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.

a) %npR?’Gm b)%anmh c) %npRB'Gm d)ganmZh

To an astronaut in a spaceship, the sky appears

a) Black b) White c) Green d) Blue

If p is the density of the planet, the time period of nearby satellite is given by

a) \/ A b) \/4—_71 3 \/B—_H ) \/Z
3Gp Gp Gp Gp

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

. .9 .
acceleration due to gravity — at the surface of the two planets will be

9>
a)l b) 2.25 c) 4/9 d) 0.12
. : "
A planet has twice the radius but the mean density isy thas comparsed to earth. What
is the ratio of escape velocity from earth to that from the planet?
a) 3:1 b) 1:2 c) 1:1 d) 2:1

. 9 . .
The rat1og_ > whereganddy, are the accelerations due to gravity at the surface of the
h

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

a) (1 1) b) [14 R o (RY Q(hY
R h h R
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
Which is constant for a satellite in orbit
a) Velocity b) Angular momentum c) Potential energy d) Acceleration
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An object weighs 10N at the north-pole of the earth. In a geostationary satellite distance 7 R from the centre of

earth (of radius R) what will be its true weight?
a)3N b)5N c)2N d)0.2N

Escape velocity on the earth
a) Is less than that on the moon b) Depends upon the mass of the body
c) Depends upon the direction of projection d) Depends upon the height from which it is projected

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

9 3 4
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
c) The radius of the earth is v8/6 of the moon d) The radius of the moon is 6/8 of the earth

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 - - -

a)\/ZGM2 b)\/ﬂ 5 \/M d)\/@
R g R’ M

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,

r,=6.37 x 10°m, Universal constant of gravitation, G=6.67x 10" ' N m’lkg’é

a) p.4r, b)36r, ) 48r, de6r,

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

The gravitational force F ¢ between two objects does not depends on
a) Sum of the masses b) Product of the masses
c) Gravitational constant d) Distance between the masses

What is the intensity of gravitational field at the centre of a spherical shell

a) Gm/ b) g c) Zero d) None of these
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

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) 13 b) 1:1 c) 3:1 d) 9:1

A projectile is projected with velocity K V, 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 : ¢ radius of earth)
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a) _R b) _R o _R d_R

K+1 K1 1-K k+1
Two spherical bodies of mass M and SM and radii R and 2R respectively are released in free space with initial
separation between their centres equal to 12R. If they attract each other due to gravitational force only, then the
distance covered by the smaller body just before collision is

a) 2 5R b)45R ) 75R d15R

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

a) %mv2 b) c) %mv2 d) 2mv’

2
myv
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)

) 0.99g b)ogg ) 1.01g Do9g
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)oy b) 3, A4y d) None of these
e e e

A body of mass mKg. starts falling from a point 2 R 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]
a) 1 GMm b) 1 GMm c) 2 GMm d) 1 GMm

2 R 6 R 3 R 3 R
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
a) M_G)\ b) 1 M_G')\ 0) 2MGA d) Infinite

L 2 L L’

The curves for potential energy (U) and kinetic energy (E k) of a two particle system are shown in figure. At what

points the system will be bound

A8Jau3
(@]

A B

U

a) Only at point D b) Only at point A ) At point D and A 4 A¢ points A,B and C
A satellite whose mass is M, is revolving in circular orbit of radius I around the earth. Time of revolution of
satellite is

5 3 3
a) o B) p | T ) Toe| T Do T
GM GM GM’/3 GM/4

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 -
2) b) J r ) /i Q) \/ x
X r
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]
n—1
n

R
@% b) g g £ d) p(_"_
n n+1

If g is the acceleration due to gravity at the earth’s surface and 1 is the radius of the earth, the escape velocity for

the body to escape out of earth’s gravitational field is
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3 gr b) 2gr S glr Drrg

100. A shell of mass M and radius R has a point mass m placed at a distance I from its centre.

0o R " 0O R r 0o R r 0 r
2) |\ wl ) i
R
\J
U@ U (r) U v

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 b) 4G M’ Qo AGM’ 4 3GM* GM’
>0 0, 2 2 T 2
3a 3a a a
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 2 R respectively. (where R
is radius of the earth). The ratio of kinetic energy of A to that of B is
a) 1l b) 2 c) 2 d)3
2 3 2
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
9 33x10°° bY33x107* 933x107 413

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
Z v
E

d)

=
=

AS1ou3
AS1au3

O  43%iau3
O 4343u7

o
@)

A A

>
.
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 11.2kms ™" from the surface of earth. What will be the
velocity of the body when it escapes from the gravitational pull of earth?

2 11.2kms ™" b) 2 x11.2kms™! 9 3x11.2kms ™! 4 V15 x11.2kms™"
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 round

the sun is 6 x 10" m. The mercury will rotate around the sun in

a) A year b) Nearly 4 years d) 2.5 years

1

<) Nearly 4 year
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 km s_l, its value for the moon will be

a) -1 b) -1 c) -1 d) -1

0.15kms S5kms 2.5kms 0.5kms

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

a) , Y b) g4 = g = d) =9
9= 9=9e 9,=29. 9=

111. Gas escapes from the surface of a planet because it acquires an escape velocity. The escape velocity will depend
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on which of the following factors :
I. Mass of the planet

II. Mass of the particle escaping
III. Temperature of the planet

IV. Radius of the planet

Select the correct answer from the codes given below :
a) Iand II b) IT and IV c) ITand IV d) I, IIT 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 161, then the new angular momentum will be

a) 16 L, b)ear C)ﬁ dgrp

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
) 15m b) 15m ) 18m 4 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 I is the distance of body from the centre of earth, then the

value of n will be
a) _ 1 b) ) 1 d)2

119. If the value of g acceleration due to gravity at earth surface is 10ms > Its value in m s> at the centre of the
earth, which is assumed to be a sphere of radius R metre and uniform mass density is

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
3) (4/5)mgh b) (5/6)mgh ) (6/7)mgh Dmgh

121. Two satellite A and B go round a planet orbits having radii 4 R and R, respectivly. If the speed of satellite
Ais3 v, then speed of satellite B is
a) 3V b) 4V

2 2
122. Rockets are launched in Eastward direction to take advantage of

C)Gv d) 12v

a) The clear sky on Eastesn side b) The thinner atmosphere on this side
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123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

c) Earth’s rotation d) Earth’s tilt

If the moon is to escape from the gravitational field of the earth forever, it will require a velocity

) 11.2 kms! b) Less than 11.2km's ™!

) Slightly more than 111.2 kms ' d) 22.4kms™'
A uniform ring of mass M and radius r is placed directly above a uniform sphere of mass 8 M and of same radius
R. The centre of the ring is at a distance of d= V3 R from the centre of the sphere. The gravitational attraction
beween the sphere and the ring is
a) GM® b) 3G M’ 0 2G M’ 4 V3G M*

R’ 2R’ V2R R’
The time period of a satellite of earth is Sh. 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) 18 h c) 40 h d)20h

Two particles of equal mass m go around a circle of radius R under the action of their mutual gravitational

attraction. The speed of each particle with respect to their center of mass is -

a), [Gm b) [Gm ¢) |Gm d) \/ Gm
R 4R 3R 2R

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

A particle falls towards earth from infinity. It’s velocity on reaching the earth would be

a) Infinity b) \/ﬁ ) 2 \/ng d) Zero

The acceleration due to gravity on a planet is 1.96 m s °. If it is safe to jump from a height of 3 m on the earth,
the corresponding height on the planet will be
a)3m b) 6 m c)9m d)15m

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

) 199 x 10 kg b) 7 56 x 102 kg ) 598 x10* kg 4 7 65 x 102 kg
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 1.01R . The period of second satellite is longer than the first one (approximately) by
a) 1.5 % b) 0.5% c) 3% d) 1%

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%

Escape velocity on the surface of earth is 11.2km/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 8km/s b) 15.6km/s ) 22.4kmls d) 44.8 km/s

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

) 292 days 5) 292 days ) 29 x 2 days ) 29 days

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
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136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

c) Zero d) May be positive or negative depending upon its initial
velocity
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

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 ) 2.2 days d) 64 days

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
c) Become stationary in its orbit
d) Move towards the earth

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%

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) r2/R ) 72/R? d) 72/R?
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)1:2 c)4:1 d)g8:1

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

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

The acceleration to gravity at a height 1/20th of the radius of the earth above the earth surface is 9m s >. Its value

at a point at an equal distance below the surface of the earth in ms™? is about below the surface of the earth in

ms_° is about
a) 8.5 b) 9.5 c) 9.8 d)11.5

Gravitational potential on the surface of earth is (M ={mass of the earth, R =¢ radius of earth)
Q) _GM/2R b) _gR 9 gR I GMmIR

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

2) v=R1/8?nGp D) y=m 83—7TGR ) y=J2GMR d)v:\/2GM

R2
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147.

148.

149.

150.

151.

152,

153.

154.

155.

156.

157.

158.

159.

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

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)

2) 1200 mile b) 2000 mile ) 1600 mile ) 4000 mile

The acceleration due to gravity on the planet A is 9 times the acceleration due to gravity on planet B. A 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) 6m b)ém c) 2/9m d) 18 m

The time period of a geostationary satellite is

a) 12 hours b) 24 hours ) 6 hours d) 48 hours

5/2

A satellite is revolving around the planet. The gravitational force between them varies with R '“, where R 1is the

radius of the satellite. The square of the time period T" will be directly proportional to
a) R’ b) R ) R d) R

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

D 3y b 2y 2 D5y

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

c) 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

If the radius of earth decreases by 1% and its mass remains same, then the acceleration due to gravity

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

b) The centre of the earth

a) .. R ;
A height 5 from the earth’s surface

c) The surf: f the earth R
) The surface of the ear d) A depth 5 from the earth’s surface

If satellite is revolving around a planet of mass M in an elliptical orbit of semi-major axis d, find the orbital speed
of the satellite when it is at a distance I from the focus

a) vZ:GM[g—l b) v’=gm| 2+

r da r a

2 1

2
r a

Three equal masses of 1Kkg each are placed at the vertices of an equilateral triangle PQR and a mass of 2Kkg is

) v*=GM
r a

d) vz:G[Z_l

placed at the centroid O of the triangle which is at a distance of V2m from each of the vertices of the triangle.

The force, in newton, acting on the, mass of 2Kkg is
a)2 b) J2 Al d) Zero

LANDSAT series of satellites move in near polar orbits at an altitude of
a) 3600 km b) 3000 km c) 918 km d) 512 km

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
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160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

work to be done against the gravitational force between them, to take the particle far away from the sphere.
(You may take G=6.67x 10" "' Nm’kg’¢é

13341077 b)Y 333x107%s 9 6.67x107°J D6.67x107°J
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 ) Zero mass d) Free fall

The binding energy of a satellite of mass m in a orbit of radius I is

(R=radius of earth,g=acceleration duel.gravity )

a) mgR’ b) mgR’ 0) —mgR’ d) —mgR’
r 2r r 2r

Who among the following gave first the experimental value of G

a) Cavendish b) Copernicus c) Brook Teylor d) None of these

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 V¢ (R,AM, are radius and mass of earth), then

2GM 1
a) 2=y2426m 1 b) 22,27 Telqyp—
YT R 10 YiTViTTR] 10
2GM 1 2Gm 1
) v2=y?4 ‘l1—-—= Dy2=y?+ 220 =
According to Kepler’s law T? is proportional to
a) R b) R AR d) R

><N|Q

The gravitational field due to a mass distribution is 1= in x direction. Hence C is constant. Taking the

gravitational potential to be zero at infinity, potential at X is

a) 2C b) C 0 2C 4 C

X X X’ 2x°
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? 2U
a) - b) U~ c) — d) 2 Ugv?

v g %
For the moon to cease to remain the earth’s satellite, its orbital velocity has to increase by a factor of
)2 b3 ) 112 9.3

If the radius of a planet is R and its density is p, the escape velocity from its surface will be

2) y o pR D)y o/pR A, o VP d)y oL
e p Ve°‘\/P veO(R e \/BR

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
2 10 b) 100 91010 D1/710

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

A mass 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
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a)l:4 b)1:2 c)4:1 d2:1

172. 1 1
If the mass of moon is%of earth™' s mass, its radius isgof earth™ sradius and if g is
acceleration due to gravity on earth, then the acceleration due to gravity on moon is..
a) g b) 9 c 9 d) g
3 90 10 9

173.1f 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)
_ 2

a)
mgR n+1 n+1

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 108 m/s. What should be the radius of the sphere?
(G=6.67x10 " N-m’/kg*(
a) 9 km b) 9 m c) 9 mc d) 9 mm

176. For a body to escape from earth, angle at which it should be fired is?

a) g5 o b) ; 450 €) ;450 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

38R REY: 9 10R d20R
178. The density of earth in terms of acceleration due to gravity (g) , radius of earth (R) and universal gravitational

constant (G) is

a) 4nRG b) 3nRG 0) 4g d) 3g
3g 4qg 3nRG 4nRG
179. Escape velocity of a body of 1kg mass on a planet is 100 m/sec. Gravitational Potential energy of the body at the
Planet is
a) _5000J b) —1000J ) —2400J 4 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
g

d) None of these

181. If the distance between two masses is doubled, the gravitational attraction between them
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182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

a) Is doubled b) Becomes four times
c) Is reduced to half d) Is reduced to a quarter

A body weighs 700 g wt on the surface of the earth. How much will it weigh on the surface of a planet whose

1
mass is ; and radius is half that of the earth

a) 200 g wt b) 400 gwt ) 50 gwt 4 300 gwt
A satellite in a circular orbit of radius R has a period of 4 h. Another satellite with orbital radius 3 R around the
same planet will have a period (in hour)

a) 16 b) 4 ) 427 D48

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
2 a 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

a)2 [GM b)g\/5GM c)g\/SGM d)g\/cM
3V a 2 a 3 a 2V a
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) IGM d) 12 GM

L’ L’ V3 1
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
2 22 4 kms™* ®) 31,7 kms™! %) 33 6kms ™!

The distance of a geo-stationary satellite from the centre the earth (Radius R =6400 km¢ is nearest to

d) None of these

A5R b)7R 9 10R 4 18R
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

In the above problem, if the shell is replaced by a sphere of same mass and radius then the graph of F r ) versusr

will be
F () F (1) F () F ()

A P! 9 Q[

o R r o R r O R r O R r

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)2.8N b) 5.6 N c) 125N d) 25.2N

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 I 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 |versusr is
F(r) F(r) F(r) F(r)

O R 7 o R r O R 7 o R r

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
a) \/ Gm b) \/Gm 0) \/Gm d) None of these
V= —— V=4 —— V= ——
2R R 4R
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=6400km,g=10m s
a) 11.2ms"' b)8kmsf1 ‘) 3.2kms™"
195. What will be the effect on the weight of a body placed on the surface of earth, if earth suddenly starts rotating

d) None of these

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 I with a period of

revolution T'. If the gravitational force of attraction between the planet and the star is proportional to R?

, then
T? is proportional to

a) R’ b) R ) R d) R

197. In planetary motion the areal velocity of position vector of a planet depends on angular velocity (co) and the

distance of the planet from sun (r ) If so the correct relation for areal velocity is

a)%awr b)%awzr C)%awrz d)%d\/a

198. Energy required to move a body of mass m from an orbit of radius 2 Rto 3 R is

) GMm/12 R? b) 6Mm/3 R? ) GMm/8R 4 GMm/6 R

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 <) 3200 km 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 5) 2.2 years ) 4 years 4) 8 years
202. Where will it be profitable to purchase 1 kilogram sugar
a) At poles b) At equator ) At 45° latitude 4) A¢ 40 ° latitude
203.If the density of the earth is doubled keeping radius constant, find the new acceleration due to gravity?
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204.

205.

206.

207.

208.

2009.

210.

211.

212.

213.

214.

215.

216.

(g=9.8m/si2)i
) 9.8 m/s> b) 19.6m/s? ) 4.9m/ s 4 39,2 m/s?

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

a) %radhf1 b) o adh! c) 23—nrad h' d) %rad h'

If V,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

) y=\gR Dy=|3gR 9 v=RVg Vv=v2gr

The force of gravitation is
a) Repulsive b) Electrostatic c) Conservative d) Non-conservative

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

a) %lunar month b) %lunar month ‘) 2% lunar month d) 2°" lunar month

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)
a) R b) R R d)2p

6 4 2
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
2) _y3 GM b) _\&a GM c) Zero d) \/ﬁﬂ

L L’

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
a) W b) 2w c) 4w d) 8w
2 3 9 27

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 11 kms ™, the escape velocity from the surface of the planet would be

2 1 1 kms ™ B) 11 kms™! ) 110 kms ! D 0.11kms ™
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

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/ V2 is
a) k/x b) ) /2 x <) k/x* d)k/2x2

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

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 S, is 10* km. When S, is closest to Sy, the speed of
S, relative to S; is

D 7% 10*km b P 27 x 10 kmh™! Y 37x10'kmh™ D 4 x10*kmh!

The earth (mass = 6 x 10°*kg) revolves around the sun with angular velocity 2 x 10~ rad s in a circular orbit of

radius 1.5 x 10°km. The force exerted by the sun on the earth in newton is
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217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

2) Zero b) 1% 10% ) 97 % 10% 4 36 x 10

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

a)l

1
R b) sl
4 mg

5 mgR ) mgR 4) 2 mgR

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

a) b) ur agU QU
r 2r
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 ) 5.6 years 4) 8.4 yeasrs

If 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%

Two planets of mean distance d 1 and d » from the sun and their frequencies are 1, and 1, respectively then

2 nidi=n,d; ®) i d3=nid; ) n,di=n,d; Dnid,=nid,
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) 12y, 6v, d) 20v,

The escape velocity on earth is

) 1 12kms ™! D) 110ms™ ) 11.2kmh™! 9 11.2kms™"

The total energy of satellite moving with an orbital velocity v around the earth is

a) Loy b) =12 ) y? d) 3y
2 2 2

Which one of the following statements regarding artificial satellite of the earth is incorrect

a) The orbital 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

4 The height of a geostationary satellite is about 36000 km from earth

The time period of geostationary satellite at a height 36000 km is 24 h. A spy satellite orbits earth at a height
6400km. What will be the time period of sky satellite?

(Radius of earth = 6400 km )
a)5h b)4h c)3h d)12h

Two stars of mass M, and M, are parts of a binary system. The radii of their orbits are I'; and I', respectively,

measured from the C.M. of the system. The magnitude of gravitational force M exerts on /M, is
2) m, m,G b) m, G 0 m,G a) (m()(,1+m2)é

;

2 2 2
(r1+r2) (r1+r2) (r1+r2) (r1+r2,
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

) 0.2g b)o.4g ) 2g Dyg

In an elliptical orbit under gravitational force, in general
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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

b) Gm(m,—m,)(V2+1)
V2R

0) Gm2(m, +m,)
R

d) Zero

231. The ratio of acceleration due to gravity at a height 3 R above earth’s surface to the acceleration due to gravity on
the surface of the earth is (R = radius of earth)
a) 1l b) 1 gl d 1
9 4 16 3
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?
2 6y2h b)62.5h 9 6v3h D 12n
233. A satellite of mass m revolves around the earth of radius R at a height X from its surface. If gis the acceleration
due to gravity on the surface of the earth, the orbital speed the satellite is
b) _9R ) 9R* d) | gR"
R—Xx R+Xx R+x
234. A spring balance is graduated on sea level. If a body is weighed with this balance at consecutively increasing

1/2

a) gx

heights from earth’s surface, the weight indicated by the balance
a) Will go on increasing continuously b) Will go on decreasing continuously

¢) 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
a) —Gm b) =3Gm c) —4Gm d) —2Gm
R R R R
236. In the following four periods

(i) Time of revolution of a satellite just above the earth’s surface (Tst)

(i) Period of oscillation of mass inside the tunnel bored along the diameter of the earth (Tma)

(iii) Period of simple pendulum having a length equal to the earth’s radius in a uniform field of 9.8 N/kg (Tsp)
(iv) Period of an infinite length simple pendulum in the earth’s real gravitational filed (Tis)

AT >T,. bt >T,

C) T5P>Ti5 d) Tst:Tma:Tsp: Tis

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)
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n+1
238. A planet of mass m moves around the sun of mass M in an elliptical orbit. The maximum and minimum distance

n—1

d) mgR
n

a) mgR b) mgR ) nmgR

of the planet from the sun are r' and r, respectively. The time period of the planet is proportional to
a) (r1+r2) b) (r1+r2)1/2 C) 6 d) (,(_,
239. The masses and radii of the earth and moon are M|, R, 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

a), |G b) \/E— 0) \/@— d) M
2 M+ M) 2\ (Mi+M;) 2\~ (Mi+M) |\ Td(R+R,)

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
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) F iz

R

243. The orbital speed of an artificial satellite very close to the surface of the earth is V,. Then the orbital speed of

b) puR ) FoR® D e

another artificial satellite at a height equal to three times the radius of the earth is

A1v, bav, 05V, dav,

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%"? ) 1.38"2 d) 1.38°

245. The escape velocity of a body on the surface of the earth is 11.2km/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) 5.6km/s b) 11.2km/s (remain unchanged)
) 22.4kml's 4 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, <) 6.56 R, d)256R,
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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 Xx=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 y= A+B x°

) Gml| A+BL b) Gm A(l—L +BL
a a a+lL
) Gm| BL+—2 d) Gm|BL—2
a+L a

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

a) 1 by L o L d) -2
T T T
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 4 R. 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) 482 hours ) 24h ours d) 24~/2 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

c) They will both run at the same rate as on the earth ~ d) None of these

255.If mass of a satellite is doubled and time period remain constant the ratio of orbit in the two cases will be

a)l: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
2)0.73R b RiV3 9 R/3 43R

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)oR, <) 3R, d4R,

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 10% kg)
) 1 62 x 102 kg 5 0.72 x 10%kg ) 2 16 x10%kg 4 1 22 x10%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
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260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

g g
a) b _2h d _h
T I BT
R R

A body of mass m is moved to a height h equal to the radius of the earth. The increase in potential energy is

Q) 2mgR b)Y mgR ) mgR/2 DmgR/4

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)oR, <) 0.5R, dsR,

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

a) 4GM b) GM c) 2GM d) 3GM
a a a a
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) 63/2ler b) 5312 T yr ) 53/ T yr d) g1/ T yr

A satellite of mass m is orbiting close to the surface of the earth (Radius R & 6400km) has a kinetic energy k. The
corresponding kinetic energy of the satellite to escape from the earth’s gravitational field is

a) g b)ok ) mgR 4 mK

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) 4 7Gpmh/3 ) 8 nGpmh/3 4 27Gpmh/3

A body is projected with velocity of 2 X 11.2km/s from the form the surface of earth. The velocity of the body
when it escapes the gravitational pull of earth is

a) /3 x11.2km/s b) 11 2km/s ) J2x11.2km/s d) 0.5x11.2 km/s

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

¢) Remain unchanged at the equator but decrease at the poles

d) Remain unchanged at the equator but increase at the poles

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,, <) J§ves d) \/gves

Which of the following graphs represents the motion of a planet moving about the sun

NN N N

Which of the followmg graphs represents correctly the variation of the 1nten51ty of gravitational ﬁeld Wlth the

distance ( ) from the centre of a spherical shell of mass M and radius a?
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d) 2

1 '
—>7 — r r
0 i—a o t=a 0 t=a o t=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 :(4 i +}' ) Nk g_l. Work done by this field is zero when a particle is
moved along the line

a)x+y=6 b)x+4y=6 c) y+4x=6 d)x—y=6
273. Satellite A and B are revolving around the orbit of earth. The mass of A is 10 times of
T
mass of B.Theratio of time period|—2 |is
B
a) 10 b) 1 ol d) L

5 10
274. Mass of moon is 7.34 x 10> kg. If the acceleration due to gravity on the moon is 1.4 m s>, the radius of the
moon is (G=6.667x 10" Nm’k g *)
2 056 x10'm b) 1,87 x10°m %) 1.92 x10°m 9 1.01x10°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 66400 km. At the poles g= 10 ms %)

a) 2.5x10 ’rad/s b) 5.0x10 'rad/s <) 1x10"'rad/s d) 7.8x10 *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 m s, the acceleration due to gravity on mass is

a) 34.8ms ° b) 2.84ms ’ ) 3.48ms ’ d) 28.4ms "’

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
a) [GM b) GM 9 \/ﬂ a) GM
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 E,. Its
potential energy and kinetic energy respectively are
a)ZEOand—ZEO b) —ZEOand—BEO C) ZEOand—EO d) —ZEOand—EO

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)
a) x=h b) y=op c) ng d)  _p?

281. Acceleration due to gravity on moon is 1/6 of the acceleration due to gravity on earth. If the ratio of densities of

Y Y P S
earth (pco e)o and moon (pccm)z, is (—e)zg then radius of moon (Rm) in terms of R, will be

m
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a) S p blp 3 p d_L p
8¢ 6 ¢ 18" ¢ 243
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?

e

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’ ‘) 8.4mls’ 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 3 R but having same density is

a) 7 )3 9t D337
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) 12 b) 2:1 c) 3:5 d) 5:3

286.1f g, 9y, and g, be the accelerations due to gravity at earth’s surface, a height h and at depth d respectively. Then
2 g,>9,>9, b) g,>g,<g, ) 9.<9,<9. D g.<g,>9,
287.1If 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

c) 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

2 9i_R b 9i_R 9 9i_Ri ) 91_Ri
9. R 9. R, 9, R; 9, Ri
289. Two satellite A and B, ratio of masses 3 : 1 are in circular orbits of radii r and 4 r. Then ratio of total mechanical
energy of A to B is
a)l1:3 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
13.1)°m s~ and whose radius is 8100 km

0 27.9 -1

km.s

) 9790 km. s~ b) 97 9km.s~ 4 57 95 km. s

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) 9649 km <) 2946 km d) 1600 km

293.
Gravitational acceleration on the surface of a planet isl—i3 g,where g is the gravitational
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294,

295.

296.

297.

298.

299.

300.

301.

302.

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

3

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 k ms ™ 'will be
a)s b) 7 c)3 d) 11

Two identical trains P and Q move with equal speeds on parallel tracks along the equator. P moves from east to

west and Q 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

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
a)% b) SrR_g ¢) Y5R—R d) Y3R-R

2 2

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, (R2>R1) is

1 1 1 1 1 1

) GmM | — —— b) GmM | ——— ) 2GmM ———) ) L Gmm L—i)

2 R, R, R, R, 2 R, R,

1 2
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

3 R/3 D) Rr/2 ) R/4 I R/s

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]

a) [4n’GM | 4nGM GM T’ GM T’
T? R’ 4’ 4

The gravitational potential energy of a body of mass 'm " at the earth’s surface is —Mg R,. Its gravitational

1/3

R d)

1/3

b) +R

1/3
—R )

potential energy at a height R, from the earth’s surface will be (Here R, is the radius of the earth)
a) —2mgR, b)2nge c) %nge d)%lnge
The correct option is

a) The time taken in travelling DAB is less than that for BCD

b) The time taken in travelling DAB is greater than that for BCD

c) The time taken in travelling CDAD is less than that for ABC

d) The time taken in travelling CDA is greater than that for ABC

If an object of mass m is taken from the surface of earth (radius R ) to a height 2R , then the work done is

a) 2 mgR b) mgr <) %ng d) %ng

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 I'y and ', respectively. The magnitude of angular momentum
of the comet with respect to the centre of sun is

1/2 12
a) GMr 1 b) GM mr 1

ry+r,) e

2 1/2
2Gmryr,

<) d)

2 1/2
2GMm'ryr,
r+r,

I"1+T'2
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303.

304.

305.

306.

307.

308.

3009.

310.

311.

312.

313.

314.

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

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) [mL b) R%l) ¢) g d) R(%Z)

2
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 b) m° ) mM d) 1/R*"

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
a) 20 km b) 10km ) 15km d) 5 km

1 1
If g« E (instead of E ), then the relation between time period of a satellite near earth’s surface and radius R

will be

a)Tzchs b)TO<R2 ) T2« R DT

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) U:GMm loge(a_-'-l b) U=GMm l_i
a a a a+l
0) U:—G;\/Im log, a+l d) U:—GMm
a

The earth revolves about the sun in an elliptical orbit with mean radius 9.3 x 10’ m in a period of 1 year.

Assuming that there are no outside influences
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

Which force in nature exits every where

a) Nuclear force b) Electromagnetic force
c) Weak force d) Gravitation

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 A 7.35 x 10 kg
respectively

9347 x10°m 2)0.39x10°m 9 1.82x10°m
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

d) None of these

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) P32 b) . ) Jr d) 2

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)

2R bR ‘) 1.414R 40.414R
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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/ ) 3R/4 d) r/g

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

a) 112 kms ' 5) 22 kms ™! ) 11 kms ! D11 2ms™!
317. Reason of weightlessness in a satellite is

a) Zero gravity b) Centre of mass

c) Zero reaction force by satellite surface d) None

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

Sun is
a) 11.2km/s b) 5 38km/s ) 59/5kml/s d) 618km/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

a) —mZR b) —ng ) mgR 42 mgR

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
a) Decrease by 2% b) Remain unchanged c) Increase by 2% d) Become zero

322.1f 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_z, the acceleration due to gravity on mass is

a) 34.8ms ™’ b) 2.48ms <) 3.48ms d) 28.4ms "’

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

P

R
P A\ N
3R b
to take a unit mass from point  on its axis to infinity is
a) 2GM (5 ¢ b) =2GM (, 5 ¢ ) GM d)2GM (5 4
7R(\/ ) 7R(\/ ) 4R SR([)

324. A spaceship is launched into a circular orbit 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 and

g=9.8ms>)
a) 11.2kms™! b) 8kms ' ‘) 3.2kms " d) 1.5kms "

325. The escape velocity of a projectile from the earth is approximately

a) 11.2m/sec b) 112 km/sec ) 11.2km/sec d) 11200 km/ sec

326. Two satellites of earth, S;AS,, are moving in the same orbit. The mass of S, is four times the mass of S,- Which

one of the following statements is true?

a) The time period of S, is four times that of S,
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327.

328.

329.

330.

331.

332.

333.

334.

335.

b) The potential energies of earth and satellite in the two cases are equal

‘) S, and S, are moving with the same speed

d) The kinetic energies of the two satellites are equal

The acceleration due to gravity is g at a point distant I from the centre of earth of radius R. If r<R, then

1 d) -2

a)gcxr b)gcxr2 C)g°"”7 ger

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

c) The angular speed of earth is maximum at equator

d) The angular speed of earth is least at equator

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<é radius of earth
a) Is constant

b) Increases linearly with h
%) Decreases linearly with h

d) Decreases parabolically with h

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

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

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 s V) and distance r from the centre of sphere is represented by the curve.
— 7

— 7 — 7

o) — O
a) VT : E :R b)VT i: /R

R
A solid sphere of mass M and radius R has a spherical gravity of radius - such that the centre of cavity is at

2
distance R/?2 from the centre of the sphere. A point mass m is placed inside the cavity at a distance R/4 from the
centre of sphere. The gravitational pull between the sphere and the point mass m is
a) 11 GMm b) 14 GMm C) GMm d) GMm
R’ R? 2R? R’
Assuming that the earth is a sphere of radius Ry with uniform density, the distance from its centre at which the

acceleration due to gravity is equal to % (g is the acceleration due to gravity on the surface of earth) is

a) Re b) 2Re 0 Re d) Re
3 3 2 4

If V. and V, represent escape velocity and orbital velocity of a satellite corresponding to a circular orbit of radius
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336.

337.

338.

339.

340.

a) Ve:v b) \/E\/O:Ve

‘) v,=v,/2 d) Vv, and V, are not related

The acceleration due to gravity near the surface of a planet of radius R and density d is proportional to

d d
a) & b) 2 ) dR d) 4
R? dR R
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

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 -

a) |GM b) [3GM 9 J 3GM ) \/ 2GM
L 2L L 3L

A satellite A of mass m is at a distance of I' 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)l:2 b)1:16 c)1:32 d)1‘2\/§

A sphere of mass M and radius R, has a concentric cavity of radius R, 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< 00)

(9

:
a) \

F :
b) /\

F :
AN
d) r ‘”
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341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

351.

352.

A particle of mass m is thrown upwards from the surface of the earth, with a velocity uU. 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
D [2gF b)\/ﬂ ) \/ﬂ d)\/ﬂ

R R R

m, m,
The gravitational force between two point masses M; and M, at separation I" is given by F =k —
r

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)

At what height h above earth, the value of g becomes g/2 ?(R=radius of earth)

a) 3R b) V2R 9 [V2-1)R d) %R

If 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) Tor b)T0<r2 c) T2 o d)T0<r4

The value of g on the earth’s surface is 980 cm s °. Its value at a height of 64 km from the earth’s surface is

a) 960.40cms* b) 984.90cms ° ) 982.45cms ™’ d) 977.55cms *
The atmosphere is held to the earth by

a) Winds b) Gravity ) Clouds d) None of the above

The value of escape velocity on a certain planet is 2 kms ™. Then, the value of orbital speed for a satellite orbiting
close to its surface is

a) 112kms ™" b) 1kms ' <) V2Kms™' d) 22 kms ™

A satellite with kinetic energy E, 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

a) Ek b)ZEk C) lE

2 k d)BEk

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
c) 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

Correct form of gravitational law is

a) p=—CMmm, b) po —GM M, ) po_CMm, d) g ZGmm,F

2 2 3 3
r r r r

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

a) gl2 b)4g c) gl4 d)2g

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?

De6x10 " Nmtkg? 24x10°Mkg'  924x107 Nkg" D2 4x10°Nkg
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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

a) 2=g M b) 2= GMm c) ,=EM d) ,2_GM
r r r r
354. When a satellite going round the earth in a circular orbit of radius I and speed V loses some of its energy, then r

and Vv change as

b)

a) r and v both will increase 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
¢) 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— J3g-is
a)l op b) 3 2R A 2R d1l.p
4 4 2
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) 60 m 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

2) \/M b), [GM 9 \/% d)J@
R R R R
359. The mass of a spaceship is 1000 kg. It is to be launched from the earth’s surface out into free space. The value of

'g'and 'R’ (radius of earth) are 10 m/s” and 6400 km respectively

3) 6.4 x 10" Joules b) 6.4 x 10° Joules ) 6.4 x 10° Joules 4 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
a) 1l b) 3 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=4¢
radius of the earth)
a n
) mgR (n—1)

362. If the earth stops rotating, the value of g at the equator

2

b) mgR ) mgR—"— 4 mgr

(n+1) (ni62+1)6

a) increases b) decreases c) no effect d) None of these

363. The escape velocity from the earth is 11.2 kms . The escape velocity from a planet having twice the radius and

the same mean density is (6 kmséé—1) ¢
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 x10*'kg, mass of the sun M,=2x10"k g~°)
3 58x10"J by g8 x10°J 9 52x10%J Do6x10%J

365.1f g is the acceleration due to gravity on earth’s surface, the gain of the potential energy of an object of mass m
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366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

raised from the surface of the earth to a height equal to the radius R of the earth is

a) 2 mgR b) mgr ‘) %ng d) %ng

An artificial satellite is moving in a circular orbit around the Earth. The height of the satellite above the surface of
Earth is R. Suppose the satellite is stopped suddenly in its orbit and allowed to fall freely. On reaching Earth, its
speed will be

3 VgR b2 gR ) 3R 45 /gR
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

a) b) F o F d)
F 5 5 3F

If the radius of earth’s orbit is made 1/4™ ,then duration of an year will become
a) 8 times b) 4 times c) 1/8 times d) 1/4 times

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

Three weights W ,2w A3 w 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

3) 3 wwill be farthest B w will be farthest

c) All will be at the same distance d) 2 wwill be farthest

A planet moving along an elliptical orbit is closest to the sun at a distance 'y and farthest away at a distance of T.

Vi
If V, and V, are the linear velocities at these points respectively. Then the ratio o is
2

ﬁz ol d)

a) b) |’

r

r
1
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

c¢) Will move along with space-ship d) Will move in an irregular way then fall down to earth
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) Ata height R, from earth’s surface (R, =¢ radius of d) At infinity

the earth)
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) 3km/s b) 16 km/s ) 7.15km/s d) gkm/s

Two planets have radii 'y and ', and densities d; and d, respectively. Then the ratio of acceleration due to gravity
on them will be

a) rid:r,d, b)rldz:r2d1 ) rid,:ryd, d)rl:rz

The maximum and minimum distances of a comet from the sun are 8 x 10'*m and 1.6 x 10" m. If its 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

Radius of orbit of satellite of earth is R. Its kinetic energy is proportional to
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a) 1 b) L 0) a1
R \/E R R¥?

378. R is the radius of the earth and @ 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

1 3 1
a) gp—ZRa)2 b) gp—ZRa)2 c) g,—R w0 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
%) ab b) Vab ) Valb 4 Vb/a

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
) 7 5kms”! b)Y g skms ! 9 11.2kms D 45kms

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
S, : 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
'S, and S, b)S, and S, 'S, and S, 4)'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
) 675Nkg D asNkg™ Y 30Nkg Di5Nkg

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

a) GMm b) GMm
d’ 8d’
GMm|, 1 GMm|, 1
) d2 ol 1+ R d) d° o1 R 2
2 =

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

a) 10h b) 6 h c)6h d). 5
= 6vV2h
5 v
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 ) 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

) g is maximum at the both poles

d) g is minimum at the both poles

387.1f W, W, and W 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
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B

a) W,=W,=W, b) W >W,>W, ) 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 R, the radius of the earth, is

a) b) R o R d) /5
2R 7 5 V2R

390. A geostationary satellite

a) Revolves about the polar axis b) Has a time period less than that of the near earth
satellite
c) 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 T (Kr). Taking the reference point to be at ' =V g, find
the potential.

a) KlogL+V0 b)Klog r—°+V c) KlogL—V0 d) logL—VOr
o r° Iy Iy
392.1f 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 )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 ) 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
a) 1 b) 1 I /7 d_L

3 2 V2

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

) 1 45Nkg™! b) 155 Nkg™ 17 Nkg™" D1 62Nkg

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
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397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

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)

) 9. 66m/s* b) 7 6amis? ) 5.06m/s> D3 10m/s?

When of the following graphs correctly represents the variation of g on earth?

g g gA gA
a) . b) ﬁ c) d)
' - o
R r R r R r R r
In a gravitational field, at a point where the gravitational potential is zero
a) The gravitational field is necessarily zero b) The gravitational field is not necessarily zero

c) Nothing can be said definitely about the gravitational d) None of these

field
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) )
2 242
2 v )
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

If suppose moon is suddenly stopped and then released (given radius of moon 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 ™2
a) 0.0027ms"° b) 5.0ms ) 6.4ms "’ d) 10ms™*

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%

The orbit of geostationary satellite is circular, the time period of satellite depends on
(i) mass of the satellite

(i1) 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)

The condition for a uniform spherical mass m of radius I to be a black hole is [G = gravitational constant and g =
acceleration due to gravity]

D 2Gm/r|"<c b)Y (2 Gm/r|2=c Y 2Gmir "> c

Two point masses A and B having masses in the ratio 4:3 are separated by a distance of 1 m. When another point

d)[

gm/ri”ZZC

1
mass C of mass M is placed in between A and B, the force between A and C is 7 rd of the force between B and

3
C. Then the distance of C from A is
22, b) L, L. 42,
3 3 4 7

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=6.66x 10" N m’/k g°. The speed of the moon is nearly
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408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

a) 1 km/sec b) 4 km/sec ) 8km/ sec d) 11.2km/sec

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

3) V2 R*I(2GR—Mv) b) 2 R*/(2GR+V*R)
9\’ R*/(2GR—V*R) 4\’ R*/(2GRv+RM)

2 4
The ratio of radii of earth to another planet is 7 and the ratio of their mean densities is = If an astronaut can

3 5

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) 0.5m d)1.25m

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

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?

a)d:g b)dz% ) g=1h d) g=p

A satellite of mass m is placed at a distance I from the centre of earth (mass M ¢. The mechanical energy of the
satellite is
a) —GMm b) GMm c) GMm d) —GMm
r r 2r 2r
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

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
a) 6000 km b) 5800 km c) 7500 km d) 6400 km

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

A satellite is revolving around the earth with a kinetic energy E. The minimum addition of kinetic energy needed
to make it escape from its orbit is

A2E b) VE 9V E/ d g

How much energy will be necessary for making a body of 500 kg escape from the earth [ g=9.8 ms > , radius of
carth = 6.4 x 10°m]

a) About 9.8 x 10°J b) About 6.4x 10°] <) About 3.1 x10"J d) About 27.4 x 10"J
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418.

419.

420.

421.

422.

423.

424,

425.

426.

427

428.

429.

430.

431.

The gravitational potential difference between the surface of a planet and a point 20 m above it is 14 Jk gfl. 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)9.6J c) 167 d) 327

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

In a certain region of space, the gravitational field is given by —k/r, where I is the distance and K is a constant. If
the gravitational potential at " =I'; be V', then what is the expression for the gravitational potential V?

a) k log(r/r,) b) klog(ryir) ) v, +klog(r/r,) ) v, +klog(ry/r)

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

mass of the earth M, the angular momentum about the centre of the earth is
) mJ/GMR, b) M JGM R, <) m«/(;M d)Mﬁ/%—M
0 0

An iron ball and a wooden 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

If then radius of earth R, then the height h at which the value of g becomes one-fourth, will be

a) R b) 3R c) 3R dR
8 8 4 2
Which of the following astronomer first proposed that sun is static and earth rounds sun

a) Copernicus b) Kepler c) Galileo d) None

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) 1.950 s b) 1.995 s c) 2.050s d) 2.005 s

If 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 ) Jg/R 4 VR

. ; .1
If the earth were (. suddenly contract (. - thof its present radius without any change

in its mass, the duration of the new day will be nearly
24 24
a) 24 p b) 24nh ) = h D 24n?n
n n
A person will get more quantity of matter in kg-wt at
a) Poles b) at latitude of 60 © c) Equator d) Satellite
As we go from the equator to the poles, the value of g

a) Remains the same b) Decreases

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

1 1
The mass of the moon is 7 of the earth but the gravitational pull is — of the earth. It is due to the fact that

81 6
a) , .81 b) . 9
The radius of the moon is E of the earth The radius of the earth is % of the moon
c) Moon is the satellite of the earth d) None of the above

A spherical planet has a mass M and diameter D p. A particle of mass m falling freely near the surface of this
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432.

433.

434.

435.

436.

437.

438.

439.

440.

441.

planet will experience an acceleration due to gravity, equal to
a) 2 b) 2 c) 2 d) 2
4GM ,/ Dp GMym/D5 G M,/ Djp 4GM m/ D%

A 20 cm long capillary tube is dipped in water. The water rises upto 8 cm. if entire arrangement is put in a freely

falling elevator lengths of water column in the capillary tube will be
a) 4 cm b) 8 cm c) 10 cm d) 20 cm

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

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 b) R c) R d) R

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) /5 ) g/6 4 gr8

Which of the following statement about the gravitational constant is true?

a) Itis a 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

At a given place where, acceleration due to gravity is gm s %, a sphere of lead of density d kg m? is gently

released in a column of liquid of density p kg m 2. If d>p, the sphere will

a) gall vertically with an acceleration of gms > b) Fall vertically with no acceleration

) Fall vertically with an acceleration g

d—
Tp) d) Fall vertically with an acceleration p/d

Two metallic spheres each of mass M are 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

a) tan ! ¢) tan”* d) tan!

ol b) an~'| GM. GM 26M
gL 2gL gL’ gL’
The bodies situated on the surface of earth at its equator, becomes weightless, when the earth has KE about it axis

A mgR b)omgR/5 ) MgR/5 DsamgRri2
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 planet is g ', then
a) b) c) d)

) g=2g )g=3g ) g=4g Jg=54
A geostationary satellite is orbiting the earth at a height of 5 R 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 2 R from the surface of the earth is

a) 5 b) 10 I d) 6
62
V2
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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) T>r®={ constant b) T?r = constant ‘) T r®={ constant d) T?r={ constant
443. The mass of the earth is 6.00 x 10** kg. The constant of gravitation g=6.67 x 10 " Nm’k giZ. The potential

energy of the system is —7.73 x 10* J. The mean distance between earth and moon is

2 380 x10°m b)Y 337 x10°m ) 7,60 x10*m 41,90 x10°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 S about the centre of the earth changes in direction but its magnitude remains
constant

‘) The total mechanical energy of S varies periodically with time

d) The linear momentum of S remains constant in magnitude

445. The orbital velocity of the planet will be maximum at

A C

I
N

a) A b) B C d) D

446. Two spheres of radius ' and 2 are touching each other. The fore of attraction between them is proportional to

a) 6 b) r4 ) 2 d) 2

447. The satellite of mass m revolving in a circular orbit of radius ' around the earth has kinetic energy E. Then its
angular momentum will be
E E
2) \/ 2 b) 2 ‘) \/2Em r’ d) V2Emr
mr 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)yR b)3p 4R dspg

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?

i 72 72 72
@\\\ b) 9 i d) \\_
” 3 ” 3

450. The speed of earth’s rotation about its axis is @. 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=10 ms~*,R=6400 km)
a)l 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=10 msfz; radius of earth = 6400 km)

a) 0.125rads™ b) 1 25rads™! 125%x10%radst Y 1.25x10%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
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wall of height hfrom the ground. Before he reaches the ground, he experienced a load
a) Zero D) w2 ) v Doy

453. Where can a geostationary satellite be installed
a) Over any city on the equator b) Over the north or south pole

) At height R above earth d) At the surface of earth

454.1f 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

a) g m% d% @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

a) y_ b) oy ) 4v, d) %

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
c) 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
a) AT _34r b) AT _2 4r ) AT _4r d) AT _—Ar
T 2r T 3r T r T r
459.1f 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

a) b) ) gt d)gul
g I’z g R

460. Three particles each of mass m rotate in a circle of radius I with uniform angular speed @ under their mutual

goR goR
gravitational attraction. If at any instant the points are on the vertex of an equilateral of side L, then angular

velocity @ is
P

a) [2Gm b) [3Gm c) |5Gm d) |Gm
L’ L’ L’ e
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

9 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
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463.

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) 4.9m/sec’ b) 3.1m/sec’ ) 9.8m/sec’ d) 19.6 m/s ec’

The potential energy of 4-particalse each of mass 1 kg placed at the four vertices of a square of side length 1 m is

a) +4.0G b) 756 ) _54G d 636G

464. Three identical bodies of mass M are located at the vertices of an equilateral triangle of side L. They revolve

465.

466.

467.

468.

469.

470.

471.

472.

473.

under the effect of mutual gravitational force in a circular orbit, circumscribing the triangle while preserving the

equilateral triangle. Their orbital velocity is - -

a) |[GM b) [3GM 9 J?’G_M d)\/ZGM
L 2L L 3L

Two bodies of masses M, and M, are initially at rest at infinite distance apart. They are then allowed to move

distance r between them is

towards each other under mutual gravitational attraction. Their relative velocity of approach at a separation
1/2
a) r

1/2
_r d)|2G
—m,m
r 2G|(m,m,| [ roo2
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

1/2 1/2

G (m1_m2) c)
r

b) {E(mﬁmZ)

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

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) ZH\/Z—R b)4\/ﬁ\/§ ‘) 271\/5 d)8n\/§

g g (
According to Kelper’s law of planetary motion if T represent time period and " is orbital radius, then for two
planets these are related as
3 3 3 4 3 2 3
a) ||| b) [ L2 5| _n )Y R
T, I T, Iy T, I T, )

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

If a planet was suddenly stopped in its orbit, kK suppose to be circular, find how much time will it take in falling
onto the sun?

a) \V2/8 times the period of the planet’s revolution
b) 42 times the period of the planet’s revolution

) 3+/2 times the period of the planet’s revolution
d) 9 times the period of the planet’s revolution
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

A research satellite of mass 200 kg circles the earth in an orbit of average radius 3 R/2 where R is the radius of
the earth. Assuming the gravitational pull on a mass of 1kg on the earth’s surface to be 10 N, the pull on the
satellite will be
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474.

475.

476.

477.

478.

479.

480.

481.

a) 880 N b) ggg v <) 890 N 4) 892 N
A point P(R N 5, 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 O. A small particle of mass m starts from P and reaches O under gravitational attraction only.
Its speed at O will be

a) |GM b)\/G_m 9 JG_M d)\/G_m
R R 2R 2R
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 h in a mine, change in its weight is
a) 0.5% decrease b) 2% decrease ¢) 0.5% increase d) 1% increase

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 Vv, tangentially to the original orbit

c) Fall down with increasing velocity
d) Ultimately come to rest somewhere on the original orbit

A body is released from a point distance I 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 -
2) /R b) /74R 0) \/ZLR d)\/ZQR(’”—R)

r—R r
A clock S 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 S

) 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

A solid sphere of uniform density and radius " applies a gravitational force of attraction equal to F;on a particle
placed at P, distance 2 R from the centre O 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

0] e R—»e P

a) 1/2 b) 7/9 c)3 d)7

The escape velocity of a body from earth’s surface is V.. The escape velocity of the same body from a height
equal to 7 R from earth’s surface will be
a) Ve b) Ve ) Ve d) Ye

V2 2 242 4

Select the proper graph between the gravitational potential (V) due to hollow sphere and distance (I') from its

centre
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482. What should be the angular speed of earth in rad ™' so that a body Skg weighs zero at the equator? (Take g =

10 m s~ 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

a) PRh b) R+h ) PRh d)R—=h
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
a) Vv b) Vv c Vv d Vv
R R
o (o] o (o]

N

r

485.

486.

487.

488.

489.

490.

491.

492,

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]
)l p b=l R

B g K, B g K,

c) mgR, d) —mgR,

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%
Weight of a body is maximum at
a) Moon b) Poles of earth

c) Equator of earth d) Centre of earth

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
What does not change in the field of central force

a) Potential energy b) Kinetic energy ¢) Linear momentum d) Angular momentum
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

The periodic time of a communication satellite is

b) 12 hours ) 18hours d) 24 hours

A satellite is orbiting around the earth. By what percentage should we increase its velocity, so as to enable it

a) 6 hours

escape away from the earth?
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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
AW <W,>W, Dw,=w,=w, )W, <W,<W, Dw>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
23y b) 3, 9,2y A2y
2 2 3 3
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) _0.5mgR, b) _mgR, <) —2mgR, A amgR,

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)%nGpmh b) nGpmh C)%nGpmh 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 ) 15R 3R D4R
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
V4’ RGT D g R G 2P RG'T? Di6n*RPG T2

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
9.8 m/s’, then the value of 'g ' on that planet is

) 4 9m/s b) 9.98m/s? ) 0.49m/s> D 4om/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

a) 4ve b)Zve c) V. d) %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
a) GMm b) —GMm c) Zero d) 4 GMm

R? R? R’
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) 3.5km/s b) 7km/s c) 72km/s d) 14km/s

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

escape from it is

2 2
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) 42 x10°m b)319x10°m ) 1.59x10°m

505. Two bodies of masses m and 4 m are placed at a distance r. The gravitational potential at a point on the line

d) None of these

joining them where the gravitational field is zero is
a) —4Gm b) —6Gm c) =9Gm d) zero
r r r
506. Geostationary satellite
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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)

a)ng b) 9 p2 9p d)gR?’
g E GE G E g E
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8.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,

T2:4n2a3: _[T’cm 13
GM 4
1/3
76 x3.14% 107 x6.67 x 10"
x 2% 10"
a:
4

But in case of ellipse,
2 a :rmin+rmax

=201, =2%2.7x10"%-8.9x% 10"
=~5.3%x10"m

(b)

Accelerationdue (, gravity g= GM ,M= (i nRS);

R? 3
_4GnR
3 R®
=g= 4 C;HR p|p=average density |
=gxpVpxg
(9
9=M k=L
= and K=—
R? 21
If mass of the earth and its angular momentum
1
remains constant then § * — and K *—
R R
[.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

N

~

Q<
Il
@

~
+
= =

~
+
=

~

N

=
+
=
~

=

N

Q<|LQ Q<|Q Q<|q3
1
—
+
=

(@

Gravitational potential

(b)
9e _ Repe _

9n Rupm 3 1

For motion on earth, using the relation,

1
s=ut+—at’
2

1 1 _

We have, §:0+§ x9.8r" or t=1/1/9.8s
1

For motion on moon, 3=0+§(9-8/6)tf

t

or l'1:6\/%5 .'.?126 or t,=6¢

(@

Escape velocity,
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12

13

14

15

16

JzGM
v A —

ascape R

. 8

tR \/ 3 nG p

~.v,xRif p=constant.

Since the planet is having double radius in
comparision to earth, therefore escape velocity

becomes twice ie, 22 kms " .

()
v M, R — _
_£=\/_2>< Re_ loxt=y3.y =3v,
v, M, R, 2 b
(9
v, |9 R
—~= g R =16 x 10=/60=8( (nearly)
\Y m *“tm
" I8
(©
Gravitational potential energy of a body in the

—GM m

gravitational field, E= . When r decreases

negative value of E increase ie, E decreases

(b)

Actually gravitational force provides the centripetal
force

(©

The earth moves around the sun is elliptical path, so
by using the properties of ellipse
r.=[1+elaandr,=1—e|a

T'1+I"2 2

=a= andrerZ(l—ez)a

Where d ={ semi major axis
b=¢ semi minor axis

e=1{ eccentricity
2
Now required distance = semi latusrectum { —
a

&02(1—62)_ (r1r2) _2r1r2
a (ry+r,)2  ri+r,

(9

At a certain velocity of projection of the body will go
out of the gravitational field of earth and never to
return to earth. The initial velocity is called escape
velocity

v,.=V2gR

Where ¢ is acceleration due to gravity and R the
radius. As is clear from above formula, that escape

17

18

19

20

21

22

23

velocity dose not depends upon mass of body hence,
it will be same for a body of 100kg as for 1kg body.

(d)

Telecommunication satellites are geostationary

satellite
(b)
Weight of body at height above the earth’s surface is
w=_WY
- 2
1+ h
r
— 40— 80
h\?
1+—
r
= h=0.41r
(d)

As we know gas molecules cannot escape from earth’s
atmosphere because their root mean square velocity is
less than escape velocity at earth’s surface. If we fill
this requirement, then gas molecules can escape from
earth’s atmosphere.

ie,v_ =v

rms— ¥ es

o 2R agr,

M
(i)

.._2MgR,
(T="77-C5,
3R
Given,M=2x10 kg, g=9.8ms °
R,=6.4%x10°m,R=8.31Jmol "= K '
Substituting in Eq. (i), we have
2x2x107°%x9.8%x6.4 x10°

T=
3x8.31
(10K
(d)
) :JG_M: 'gR*
0 r R+h
(b)

. o - GMm
For a moving satellite kinetic energy ¢ oy

Potential energy

i —GMm _ . Kineticenergy _1
r " Potential energy 2

(b)

I=ﬂ. If I=0 then V = constant
dr

(b)
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24

26

27

28

29

31

- R o
v=2gR=2= 94 A G =k kK,
Vg gz Rp

(d)
Orbital radius of satellites '} =R+R=2R
r,=R+7R=8R
—GMm —GMr
U=——""and U,=
r, r,

K = GMm _ GMm

1 2r_1 and &, —2r2
E = GMm JE.= GMm

1 2r1 an 2 2r2
: Z:ﬁzﬂz

U, K, E,
(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,mv__.r .=mv_.r

max' min— min' max

=0

vmin x rmax
-/ K R =—
min Vmax
3 4
R Rl
3x10 3
(d)
u 0 M
A 2 w2 B
o . —GM _ —-2GM
Gravitational potential of A at O= =
ri2 r
-GM _—-2GM
For B, potential at O= =
ri2 r

... _4AGM
.". Total potential ¢ — —

(b)
Orbital radius of Jupiter > Orbital radius of Earth

VJ re
—=—._As 1 ,;>1, therefore V,<V,
Ve rJ

(d)

: 3 .
% change in T = B (% change in

Ri==x(2]%=3%

N W

(b)

32

33

35

37

From Kepler’s third law of planetary motion
T?«R’
Given,T,=1,T,=8,R,=R
Ti_R
T, R
3 T3
12
1

R,=R}x|[8)

3 3 3)2
R,=R"X (2 )
=R,=Rx4=4R

R.=R

)
3 9. PR, 21 1
(b)
Gravitational acceleration is given by
_GM
= Py
where G = gravitational constant
9_M
G R
©

Let X be the distance of point from the smaller body
where gravitational intensity is zero.
Gm, Gm,

B (1—x]2 X
X _|my_ 1000 _1
1—x m, 100,000 10

or 10x=—x
or x=(1/11)m

(b)

From kepler’s third law of planetary motion:
T’ R’

Given,T ,=27T,

or

T? R}
2 T3
Tp Rp
TZ

o6
&:(27)1/2
R, ’
&:32
R
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38

39

40

41

R,=9R,
()
': 2: —R zzi
9=\ Ren) 79 R| 797

R+—

2
w=2iw=23xm=2nN
9 9

(b)
The acceleration due to gravity
_GM
g_ RZ

At a height h above the earth’s surface, the
acceleration due to gravity is

_ GM
(R+h)’
-2 2
g: ]_+£ = 1+£
g R R
' -2
9 1+£ :(1—2—h)
g R R
but g zg(given)
g/2_,_2h
g R
R 2
h==
4
(b)
Since, gravitation provides centripetal force
mv:_ k. ok
- _F e,v _mr3/2
312 2
So that T:E:\/mr ie,T2:4n7mr7’2
1% k k
. T20<r7/2
(<)
Forr<R:
vaZGmm'
r r2
Here,m = %nr3 Po

Substituting in Eq. (i) we get

v«r

ie,v—r graph is a straight line passing through
orgine.

Forr>R:

42

43

45

46

47

48

Lvo—
v

The corresponding V—r graph will be as shown in

1
r

option (c).

(@
_GM_ GM, 4GM,

R* (D2 D
(<)

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

two masses from mass M, where gravitational field

intensity is zero, then

Gm _sz 2 :g
r—xf x° or 9—x]* x°
12
o 9—xx
On solving, x=6m
()
— VvV R :
VZ\/ZgR.'.—IZ\/&X—lz g*xK=|Kg|"”
Vo VO 2
(b)
As T20<r3,
> 2 T3
Ty 13
r T W3
or A ZA :(8)2/3:4
rB TB
or ',=4rg;
so F'y—rg=4rp—rz=3r;
)
. 3
Weight of the body at equator ¢ 5 of initial weight

.3 _
..g =— ¢ (because mass remains constant)

5
gvzg—wzRcosz)\=§g=g—w2Rcosz(0°)

=w2—2—g=w:\/2—g:\/ 2x10

" 5R 5R \5x6400 % 10°
17.8x10*rd
sec
(c)
T R 3/2 3/2
rele) ] e
2 2
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49

51

52

53

54

55

56

57

58

(a)

Escape velocity of a body from the surface of earth is
11.2 kms ™! which is independent of the angle of
project

(b)

V:\/Gllf — Gl g

(d)

Since, velocity of projection (v)is greater than the

escape velocity Ve) stherefore at infinite distance the

body moves with a velocity
v=yv'— VZQ

v =it

(9

Gravitational field inside hollow sphere will be zero

(d)
When r<R, Gravitational field intensity,
GM _Gr ( 4 _4nGpr

3
S r—R3 —nRp 3

3
(@)
Escape velocity v= V2 gR

.ﬁ:\/&x&
7 9 R,

(Vg% K=(Kg)"

(b)

Orbital speed, voz\/ %; so speed of satellite
r

decreases with the increase in the radius of its orbit.
We need more than one satellite for global
communication. For stable orbit it must pass through
the centre of earth. So, only (b) is correct

(9
_GM . M
. _Me _Re
According to problem M = and RP_?
2
-&: % & — l ><(2)2:2
g, \M, R, 2
=g,=29g.=2%x9.8=19.6m/s’
(©
The escape velocity of a particle
v,=v2gR

59

60

61

62

63

Hence, the escape velocity is independent of mass of
the particle.

(b)

G y, g 2
t =

geurth — Me XR_fv
gplanet Mp Ri
9g._2
=>""==
g 1

T
Also,Toci_:—e: QB
Vg T, Vg.
2 \F -
=>—=4/==T =2+2s
T 2 b v

p

)

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 A.

A—XY C
B
(a)
7o 2mR__ 21 R*?
Time period, \/G M, \/G M,
R

Where the symbols have their meaning as given in the
question
Squaring both sides, we get
72 4T'R’

GM,
(d)

2
GM _ |gR” and V,=T®

Orbital velocity v 0:\/
r r

2

I 3_
This gives ' =—,
w

(d)

. 2GM
Escape velocity v,= R
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65

68

69

ZG%nRBXd

V.=
R

\/2GinR3xd=R\/§nGd
3 3

where d = { mean density of earth

v,xRd

.ﬁ_&\/z
v R \d

p i p
Rl
2R, \ d,
bv,=2v,
(2x11=22kms""
(d)

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

1.»
S=ut+—¢

2

1 2
0=20 x 20+§[—g)(20)
Lg=2ms "’
.. Weight of body on planet=mg
60.5%x2=1N
(9
Angular momentum remains constant
v,d,
mv,d,=mv,d,=v,=
2

(b)
As with height g varies as

g :¢:g[ _2h
[1+h/R[ R

and in according with figure h1>h 5> s0 W, will be

lesser than W, and

h, h,

W,—W,=mg,—mg,=2mg R R
GM h
W,—wW, =2 —
or W, 1=<m R R
asgzc;l\f/\(hl—hz):h]

71

72

73

or W,—W,=

2mhG inRB
R® \3 P

&%anmh

asMZ%nR?’p}

)
Time period of nearby satellite

3
r

GM

3

L2m \/ R

GM
L2m 666
(a)
The acceleration due to gravity ( g) is given by
_GM
= Py
where M is mass, G the gravitational constant and R

T=2n

g

the radius.
Since, planets have a spherical shape

4 3
V=—
3711‘

Also, mass|M |=volume|V | x density p|
4 3
o GETIR p
RZ
_4GnpR
-3
Given,R,;:R,=2:3

=g

3
pl'pz 2
PR3 2_

”gz_Psz_z 3

(@

The maximum velocity with which a body must be

1

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

\/ZG M,
veS:
R

e

ZG%HRfde(

6
R

Lveod,xR,....li|

similarly, for a planet

.~.M:£nR§de)
3
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74

75

76

77

78

79

80

Ve xyd, xR,...liil

1/2
d,

d

p

v
So , 'es —
1'%

es

R,
X ——
RP

Given,dp:ld ,R =2R
4 e p e
d, |
v d, R,
S —L] x
4

2R

es e

The value of acceleration due to gravity g at height h
above the surface of earth is

g
1+£
R

Where R is radius of earth.

2
L= 1+£
9h R

9n=

2

(b)

Angular momentum is conserved in central field

(d)
The true weight of a body is given by m g and with
height g decrease

So. Wo_mg'_ 1

WE mg (;(;
But here, h=7R—R=6R,ie,h/ R=6

W _ 10

W.= —=0.2N
S0, Ws [1+6 49
(d)

2GM
 V(R+h)
(a)
. [ RV R |'_g
9=9\R+n| "9\ R+2R]| "9
(c)

81

82

83

86

gn_G(MI8)_ R
g. GMI/R: B8R
mgn_1
mg, 6

;o (i)

Given,

or %Z% ...(11)

—8/6R,,

or R,

)
Escape velocity v= \/ %

If star rotates with angular velocity w

v 1\/2GM \/ZGM

Then w=—
TR RIR R?
(d)
Time period (T) of a synchronous satellite around
the earth is given by
/
T2 = An’r? N TZGme s
Gm, 4’
Substituting the given values, we get
|24 x60x60+6.67x 10" x5.98 x10**
4x22 22 22
7
r=42.08x10°m
6
L _A208x10m_g e _c6r

re 6.37x10°m
(d)

. . GMm ]

Kinetic energy of the satellite is K= >, ..(1)
: . —GMm
Potential energy of the satellite is U = ;
(i)
o —GMm .

Total energy of the satellite is E= or ...(1i1)
Divide (ii1) by (1), we get E =—lorE=—K
Divid b E_1,e=Y

ivide (iii) by (ii), we get =+ U 2 or 5
(b)

2 . .
F=Gm;m,/r", thus on increasing masses and

reducing distance I, force of gravitational attraction
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87

88

89

90

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

(9
Kinetic energy = Potential energy
Lin(kv p=90 o Lo gp="90 = RE
2 h 2 h
1+— 1+—
R R
Height of Projectile from the earth’s surface & h
RK
Height from the centre r =R+h=R+ T
By solving "' =~
y solving "=~
(©

Let at O there will be a collision. If smaller sphere
moves X distance to reach at O, then bigger sphere

will move a distance of (9 R— x|

(9R-x)
R X 2R
- T
12R
M 5M
_F _ Gx5M
asmall___—z
M [12R—x|
g = F __ GM
" 5M [12R—x]
1
X= Easmallt
.1 Gx5M
6— T 2 1
2H2R—M

9R—x|= ablg t*

.1 GM 2 (e

(L_GM 2 )
2 (12R—x)

Thus, dividing Eq. (i) by Eq. (ii), we get

. X —

"9R—x

= x=45R—5x

= 6x=45R

= x=7.5R

(b)
In circular orbit of a satellite of potential energy
—2x |kinetic energy |

L—2 % lmv=—mv2
2

91

92

93

94

95

97

Just to escape from the gravitational pull, its total
mechanical energy should be zero. Therefore , its

kinetic energy should be +mv’

()
Acceleration due to gravity at height h is
g= 52 = %2 -=0.99¢
1+— 1+———
R, ( 6400 )
()

v=12 gR. If acceleration due to gravity and radius
of the planet, both are double that of earth then

escape velocity will be two times, i.€.V,=2V,

(b)

Potential U_—GMm_—GMm
oténtial energy r R+h
—GMm _ —GMm
Uinitial 3 R and Ufmal_ 2 R

Loss in PE={( gain in
GMm _ GMm _ GMm
2R 3R 6R

KE=

' p.} \dFsme

Let the mass M be placed symmetrically
CMJAmq L

dFsin 0=
f f X*+L* \x%+1?
=F, ,=GMAL
t :’" X2+L2]3/2

GMAL
:Fne[: L2 (2)
=Fn€[:2G]yA

L
(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.

)
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98

100

101

102

Vg Vg
(b)
d\_g d 1
=gll—=|=<L=qgl1——|=d R
I g( R| n I R) n
(b)
—GMm, SR
U= —GrMm
,F<R
R
(b)

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

A
QM
BO Oc
M
F=F +F,+F,
Here ?2=—ﬁ3
F=F +0=F,
GMM _ GM®> _AGM’
or F Fl 2
|AD] (3d’/4)  3a

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

- — - -

,+F,=0

or F=0

Since, the resultant of ﬁ2 and ?3 is equal and
opposite to 151
(b)

If g is the acceleration due to gravity of earth at the
position of satellite, the apparent weight of a body in

103

104

105

106

107

the satellite will be

Wapp:m(g'_a)
But as satellite is a freely falling body, ie , g =a
So, W, =0
(d)
Ky_rp_[R+hy) [R+2R)_3
K; r, |R+h, R+R 2
(b)
4 2
As mass, MZETIR p
_ 3M
e
M, R3 3 _
Ps_ ~330 x| ——| =3.3x 10"
Ps e 100
()
U:—GMm K= GMm and E:—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
(a)
10g 90
9=9"700 " 1009
g=g—F_ R’ 9 R’
R+h? T [R¥HP
3 __ R
or \/To R+h
r h=(v10-3)R/3
(“0 3) 6400 _ 345 60 km
(d)

The minimum velocity of projection to achieve
escape velocity can be calculated as

2

Intial KE Z%mv
= xm(4x11.27=16 x lmv§
2 2

1
As—
2

gravitational pull of the earth, so

2 . . .
myv, energy is used up in coming out from the

1
final KE should bel5 X > mv,

1 1
Hence,—mv,=15%x—mv
2 ¢ 2 ¢
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~v?=15 vi

v =+15 Vv,

iV15% 11.2kms ™
108 (c)

Tvercury _ | Tnereury || 6% 10" 1% _1
T r 1.5x10"

earth earth 4

(approx.)

1
=— year

Tmercury - 4

109 (c)

_16

gm_81 ge

~v,=v2g,R,=2x9.8x(6400 x 1000
~11.2kms "'

6 1
-/2g R :\/2x— x =R
Vo=v2gnR, ap <7 Re

g%ﬁgeRe:%xuzz.Skms‘l

110 (a)
Acceleration due to gravity is given by
_GM
=
where G is gravitational constant.

GM,

For earth: g,=———

e

GM

p
2

p

G M,/R;
Therefore,&zie;
g, GM,IR

M, R
(IeMe By

g9, M, R
Given,M ,=2M,,R =2R,

Putting the values in the Eq. (i), we obtain

For planet :g ,=

&——Me x(2Re)2—l><i—2
g, 2M, R 2 1
D
" 9y=7
111 (c)
V,= 2GM i.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
_GM

g

114 (b)

RZ
Me Re
Here M, =—,R, =—
9
ge_M. R, _9M, [R, |
Hence,—= — = X
Im Mm Re Me 2Re
9._9
gn 4
So, -4
ge 9
" Weight of body on moon
tweight of body onearthx g, /g,
90 x 2 =90 x * =40 kg
9 9
wbody: 27 wearth
Tzo<r3=>w2cxi=>wo<%.'.ro< 12/3
r r )

115 (d)

116 (c)

= rbody= @ eqrih 2/3= L 2/3=l
rearth a)body 27 9
L=mvr=m 1/ﬂ r=m+GMr .Lo+r
r
2
H=l ool He_9a
29 g Ha s

Now gBZ% as g *pR

117 (b)

H
e 9a_yqy

H, g3
=H_,=12xH,=12x1.5=18m
T?xr?

118 (c)

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

Fzmgvzmg(l—i)

R
meM R—d ZGMmr('.'R—er)
R2 R R3
So, Fxr; Given F o 1"
n=1
119 (d)

Let the gravitational force on a body mass m at O
due to moon of mass M and earth of mass 8/M be
zero, where EO=x and MO =(r—x|. Then,
G81Mxm_GMm

2 2
X \r—x|
81_ 1
or 2 2
x° (r—x|
9_ 1
or ]

On solving; x=9r/10

120 (b)

121

Gravitational force on a body at a distance X from the

GMm

centre of earth F'= -
X

Work done,
R+h

R+h
w= [ Fdx=[ SMMm g,
R R X

R+h

1 1
= R2 P
R mg |R R+h

This work done appears as

X

LGMm

increase in potential
energy
1 1

_ 2
AE,=mgR

img(5h)

(9
According to Kepler’s third law, we have

T*«R®
Hence T—i: 4—R3=%

’Té R 1
. T, 8

(—=—
T 1
2nwg 8

2nw, 1
.VyX4R 8
b——=—

Rxv, 1

122

123

. Vg
)
03v
Lvg=6v
(@

Launching the rocket in the direction of earth’s
rotation allows it to exploit the earth’s rotational
velocity ie, launching it from West to East. (It gains
speed from velocity addition with the earth’s
rotational velocity.)

(a)
The escape velocity at the surface of earth is 11.2

-1
kms

124 (d)

125

126

From the figure the gravitational intensity due to the

ring at a distance d = \/§ R on its axis is

M@T

! d—I_R
_ GM _GMx+3R _+3GM
I= 2 . 9)327 5 2\3/2 7 2
*+R[”  (3R*+R? 8R
. , 3GM
Forceonsphereb(SM)I=(8M)X\/8Rz
V3G M?
()—RZ
(c)
According to Kepler’s law
T e r?
(50 ar’. (i)

T Poclarf.. i)

From Egs.(i) and (ii), we have

25 _ r’

(T')z 64r°

T=11600=40h

(b)

Gravitational force provides necessary centripetal
force

(R, R g
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127

128

129

130

131

132

133

134

()

T=2n \/ i At the hill g will decrease so to keep the
g

time period same the length of pendulum has to be
reduced

(b)
This should be equal to escape velocity i.e . V2 gR

(d)

A person is safe, if his velocity while reaching the
surface of moon from a height h ' is equal to its
velocity while falling from height h on earth. So

V2g'h'=v2gh

or h=gh/g =9.8x3/1.96=15m
(d)
GM,
ngT and gm:%:%m/szz 1.63m/s’

m

Substituting R,,=1.768 x 10°m, g,,=1.63m/ s’
and G=6.67x10""' N-m°/k g° We get
M,,=7.65x10"kg

(a)
From Kepler’s law, T « R>
(TP _(R,)'_[1.01R ',
T, R, R
T
(==
T,
T,—T
(2215 50,
T, 100
(c)

g'_y 2h_, 2x320_, 1_9
g R 6400 10710

.. % decrease in g= g_gg )x 100
6 L. 100=10%

100
(9

1 1
V.x—=_If Rb — then Vv, will be 2 ti
«“ TR ecomes - then V, will be 2 times

(d)

Time period does not depends upon the mass of

135

136

137

138

139

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

()
Let R be the original radius of a planet. Then
attraction on a body of mass m placed on its surface
will be

GMm

R2
If size of the planet is made double je, R =2 R, then

mass of the planet becomes

M':gntzR)ﬁ‘p:sx%nRzp:SM

F=

~GMm_—G8M xm _

, 2F
R* 2R)

New force F=

ie, force of attraction increases due to the increase in

mass of the planet

)

From Kepler ‘s third law of planetary motion,
T*xqa’

Given,T,=1day | geostationary|
a,=a,a,=2a

T _a
T, q
3 3

a
=T§:—§Ti:@ x1=8

a; a
=>T2:2x/§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 velocityv,=+gR,
Escape velocityv,= V2 JgR,

where R, is radius of earth.
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140

141

142

143

e o

%100

VO
VzgRe_VgRex

VgR.

% increase =

% increase = 100

t[V2—-1]x100
$(1.141-1)x100=41.4 %

(d)
From Kepler’s third law of planetary motion,
TZ o R3
2
= E = constant

(9
Mass of two planets is same, so

4 4
_nRiP1:§”R3P2

3
1/3_ l 1/3_l
8 2
2

=(2f=4

Ri_|Pz

R, \p
g,_GMIR] _
g, GMIR;
(d)

Gravitational potential energy is given as

or

R,

R,

—GMm U= —GMm
1 I
Asr,>r,,hence,

U=

Fy=r,y

U,—U,=GMm is positie

rir,
ie,U>U,
tU,<U,

ie, gravitational potential energy increases.

()
The earth behaves for all external points as if its mass
M were concentrated at its centre. When man of
massm walks from a point on earth’s surface and
reaches diagonally opposite point, then gravitational
potential energy given by
U=" GMm

R

Will remain same.

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

144 (b)

145

147

148

149

Given. g1=9 gR’ _20x20g
N I Ry RI20F 21 %21
_9x21x21
" 970 %20
N —gl1-4
ow, 94=9 R
. 9x21x21 1_R/20 —95ms >
20x 20 R
(b)
Gravitational potential at a point on the surface of
earth
2
V:—GM _—gR —_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,= \/ﬁ (. Therefore, the molecules of gases
cannot escape from the earth. Hence, an atmosphere
exists around the earth.

)
g_( R VY_1_[ R }_1_[ 4000 Y
g \R+h 2 \R+h 2 14000+h

By solving we get h=1656.85 mile~ 1600 mile
(d)

It is given that, acceleration due to gravity on planet
A is 9 times the acceleration due to gravity on planet
Bie,

94=99s--.lil
From third equation of motion
v’=2gh
2
1%

At planet A, h, ZgA...(u)

_ V2 ()
At planet B, hy= 20 iii)
Dividing Eq. (i1) by Eq. (iii), we have
hi_9s
hg  ga
From Eq. (i), 9.=9 95
a9 1
' hy 9 9s 9

hg=9h,=9%x2=18m(..h,=2m)
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151 (b)
Gravitational force provides the required centripetal

force ie,
GMm

5
RE
man’ _ GMm
—4 =

2 7
T RE

2
mw R=

TZ o R7/2

152 (a)

2GM,
R

e

Escape velocity,veZ\/
Given, M ,=6M,,R,=2R,

2G-6 M
AR Z\/—e:\/gve(;

P V(2Réée)
153 (d)
1/3
rezn| fmr=GUT [ OUT
154 (c)

If M be mass of earth and R its radius, the
acceleration due to gravity is given by
GM .

(i)

5 e

Where, G is gravitational constant.
Given,R=0.99 R

GM ..
——.lii
10.99 R
GM)

RZ

Sg=

$1.02

From Eq. (1), we get

g=1.02g

Hence, acceleration due to gravity increases by
g—g=1.02—-1=0.02¢

Hence, percentage increases =2%.

155 ()
Acceleration due to gravity at a height h above the
—_ 9
earth’s surface is h\
1 +E

Where g is the acceleration due to gravity on the
earth’s surface

156

157

R g 4g
h:—, = ==
a2 RE 9
1+—
2R

Acceleration due to gravity at a depth d below the

o d
earth’s surface is §;=9| 1 R
R 2 g

d: —_— = 1— _ |=
Atd=7 94 g( ZR) 2
At the centre of earth, d=R

R

=gll——1=0

9dq g( R )

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 Z—(GMm/ 2 a) remains constant, at any position

of satellite in the orbit,

KE+pE=—CMm o
2a
Now, if at position I', V is the orbital speed of satellite
1 - —GMm ..
KEZEmv and PE= ...(i1)
So, from Egs. (i) and (ii), we have
lmvz_ GMm _ —GMm e V' =GM 2 1
2 r 2a r a
(d)

F,

0Q
~F, X
e oQ v OR "~
0 /"i 30° F ORSIH30° 30° f\\ R
lkg lkg

Here, OP=0Q=(=+2m
The gravitational force on mass 2 kg at O due to mass

Gx2x1
1kgatPisFop: (\/E)z :GalongOP

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

_Gx2x1_
1kgatQis Foo—(\/——2]2—Galong oQ
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The gravitational force on mass 2 kg at O due to mass

Gx2x1
1kg at R is FLZN—T:G along ¢

Resolve forces F og and F; into two rectangular
components
F 5,08 30° and F;cos 30 ° are equal in magnitude
of equal and opposite direction
GF op—0
. 1 1
cG—(G X §+G X §)=G—G=ZeroN

158 (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.

159 (d)
U= —GMm
r
U =8:67x10"" x100x10"*
: 0.1
U= —6.67x10° "
0.1
L—6.67x10""°J
We know
~W=AU

(U~U,|.U=0|
W=U,=6.67x10 "°J
(D = 10 x107kg

M =100kg

161 (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.

Thus, binding energy=—E = Gzl\/im
but,g= GRA;I
= GM=gR’
pE=9mR’
2r
163 (c)

Applying law of conservation of energy for asteroid
at a distance 10 R, and at earth’s surface.

K+U=K+U,....(i)
—GM,m
10R,
—GM,m
R,
Substituting these values in Eq. (i), we get
, GM,m
mv,—
10R, 2 ' R,
1 , GM,m GM,m
=_mv,=_—mv+ —
R, 10R,

2

, 2GM, 2GM,
=v.+ —

' R, 10R,
GMem( 1 )

R 10

Now,KfZ%mviz/\Ui:

_1 5 _
Kf—Eme/\Uf—

=v

f

L2 2
LVESVH
e

165 (b)

X

v:—jx“ldx:—f%dx:%

166 (c)
U =¢ Loss in gravitational energy = gain in K.E.

So, UZ%mv2=>m:¥
v

167 (b)
V.= V2 v,,1.e. if the orbital velocity of moon is

increased by factor of V2 then it will escape out from
the gravitational field of earth

168 (b)
V.=R\ %Gﬂp.'.vech\/E
169 (c)
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T. [R,\*? 13 \3/2
il S e 1012 :(1000]1/2:1()@
T, \R, 0
171 (b)
Gm(M—
F :M; For maxima,
X
dF _ G,
—=—\M-2 =0
dm th m|
m_1
M2
172 (c)
Accelerationdue ( gravity onmoon g, = GX—M/?(
(R/3)

173 (c)
Acceleration due to gravity at poles is independent of
the angular speed of earth

174 (a)
The change in potential energy in gravitational field is

1 1
given byAE:GMm(———

ry n

In this problem; 'y =R and r,=nR

A E=GMm i—i
R nR

. GMm | n—1
R n

n—1}..
- .
175 (d)
Let escape velocity beV,, then kinetic energy is

]

(tmgR

.1
G—my ...
2 e

. +GM,m .
L escape energy =————— ... i
Equating Eqgs. (i) and (ii), we get
1 2 GMem
—_—m =

e Re

2
\/ZGMe
=v =
e Re
_2GM,

- 2
%

e

Given, G=6.67x 10 "' N —m°/kg,
M,=6x10""kg,v,=3x10°m/s’

2x6.67x10 " x6x10*
00

= R

R=

R=8.89x10"°
R~9x10 °’m=9mm

176 (d)
The body can be fired at any angle because the energy
is sufficient to take the body out of the gravitational
field of earth

177 (b)
Acceleration due to gravity at a height h from earth’s
surface
__GM
|R+h[
; —_9
S =Y
ince, g 100
9 _ GM
100 (R+hP
[R+h} _GM
100 g
JR+h? L[ oM
6 =R =
100 R’
(R+h=10R
=h=9R
178 (d)
Acceleration due to gravity
_GM_G 4 3
TR R3NP
L ,=_39
P 4nGR
179 (a)
V=1 2G—N[:1OO=>G—IM25000
R R
—GMm
Potential energy U = =-5000J
180 (c)
1
gor (ifr<R)and g *— (if r>R)
r
181 (d)
1
F o= If r becomes double then F reduces to 1
r
182 (b)

_GM
We know that g= R?

GM/7 _4

On the planet gpzm - 9

, 4
Hence weight on the planet ¢ 700 x 7 =400 gmwt
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183 ()
According to Kepler’s third law
T’ R’
T, |R,
T, (R,
. Tz B 3R 3/2
7%

T
=—2:\/ﬁ

1

~T,=V27T,=v27x4=4+27h

3/2

184 (b)
First we have to find a point where the resultant field
due to both is zero. Let the point P be at a distance X
from centre of bigger star.
_G(6Mm) GM

= =x=8a(f O
XZ [1Oa_x)2 (from U,)

|

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 M vanishes ie, a minimum KE or
velocity has to be imparted to m from surface of

16 M such that it is just able to overcome the
gravitational pull of 16 M. By law of conservation of

energy.
(Total mechanical energy at A) = (Total mechanical
energy at P)
1 ., |G(16M)m GMm
=>—_mv.. —
i 2a 8a
. |GMm G(16 M)m
0+ —
2a 8a
=>lmvr2nin: GMm (45)=vm1n:E\/5GM
2 8a 2 a
185 (a)

The net force acting on a unit mass placed at Odue to
three equal masses M at verities A, BAC is the
gravitational field intensity at point O. The
gravitational force on the particle placed at the point
of intersection of three medians.

Since, the resultant of F; A F, is equal and opposite
to F3.

186 (b)
By the law of conservation of energy
<U+K)surface:(U+K)oo
—GMm+lm(3ve)2=O+lmv2
R 2 2
_GM 9ve:1 2
R 2 2
Since, v§= 26M
R
2 2
Ve Ve 1, 2 2
- =—v =v =8v
2 2 2 ¢

v=2x/§ve
0242 x11.2=31.7kms

187 (b)
6 R from the surface of earth and 7 R from the centre
188 (b)
dA_L_,
& om constan
189 (b)
F (r |={where p is density of sphere)
190 (b)

Weight of body on the surface of earth mg=12.6 N
At height h,the value of g' is given by

, R’
979 Reny
R
Now ,h=—
ow,h=>
U _ 4
979\ Re(r2)] 99

Weight at height h=mg g
(12,6 % %:S.GN

192 (d)
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,r>2R

193
Here the force of attraction between them provides
the necessary centripetal force

A%

_mvzz Gm’
"R [4R]

\/Gm
V=4 ——
4R

(b)
If a body is projected from the surface of earth with a
velocity Vv and reaches a height h, applying

194

conservation of energy (relative to surface of earth)

> mgh

1
2 [1+(h/R)]

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

So, v’=g hie,v=\/10 x 6400 x 10°=8kms ™'

195 (b)
The value of g at latitude A is ; g =g— R cos” A.
If earth stops rotating, ©=0; g =¢. It means the
weight of body will increase

196 (b)

6

Gravitational force provides the necessary

372
R

centripetal force (ie ,mR wz)
GMm

R3/2
T2: 4 n2R5/4
GM

27

> 47°mR

=mRw’=mR T

So,

or ie, "« R*"
197 (c)

dA_ =>@0<vro<wr2
dt 2m dt

L

198 (d)
Gravitational potential energy of body will be
_GM,m

r
Atr=2R,

199

200

201

202

203

_—GM,m

P=R)

Atr=3R
_—GM,m

%=3R)

Energy required to move a body of mass m from on
orbit of radius 2 R(3 R is
GM._ m {1 11_GMem

AE= -
R 6R

(@)
v:\/ GM :l\/ZGM
R+h 2V R
= 4R=2|R+h|=h=R=6400km
(b)
Here, m;=m,=100 kg ; r =100m

Acceleration of first astronaut,

Gmm, 1 Gm
alz 3 X —= 5
r m, r
Acceleration of second astronaut,
0= Gmym, 1 Gm,
27 2 - 2
r m, r

Net acceleration of approach
Gm, Gm;, 2Gm,
+ =
2 2 2

r r r

2% (6.67x10"")x 100
[100/°

(2%6.67x10 "ms

a=a,+a,=

2

A s—lat
s 2

1/2

2x(1/100)
2x6.67x10 "
On solving we get t =1.41 days

(b)
T _
T,

2s
a

St=

1/2
] second

3/2
%) =(2"=2+2=T,=2+2 years
1

(b)
Weight is least at the equator

(b)
Accelerationdue (. gravity g = % npGR

tgop
9P
g, P
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9gi_p
s —-_F .‘.p :2p
g 2p[ ’
g,=9g,%2=9.8x2
g,=19.6m/s’
204 (d)
4
= |V| _ n:<10 4:£radh_1
RZ_Rl 4)(10 _1X10 3
207 (c)

The period of revolution of a satellite at a height h
from the surface of earth is given by

\/(Re+h)3
T=2n >
gR,

Given, T, =1 lunar month,

=2"¥? lynar month

moon™

(b)

The value of acceleration due to gravity at a height h

T

208

reduces to
. 64
100—36=64 %=——
¢ °~ 1009
. 64 g= gR’
71007 (R+hf
8 R R

— = Vh==—
10 R+h 4

or

209 (a)

. —GM
Potential at the centre due to single mass ¢ ———
g LIN2

Potential at the centre due to all four masses

! m-x

m———————m -

210 (o)
The value of acceleration due to gravity at a height h
above the earth’s surface is given by

211

212

213

215

&
-------0

g= th
1+—
R
where R is radius of earth.
Whenh:R
2
__ 9 _4g
g_ 2__
9
1+£
R
. , 4 4
Hence ,weight w =mg =§mg=§w.
(c)

Mass of planet, Mp: 10 M,, where M, is mass of
earth. Radius of planet,

R
R,=—,whereR isradiusof earth.

10
Escape speed is given by,
\/ZGM
V=4 ——
R
So. for planet \/ZGXMP \/100><ZGMe
o, for planetv = =
AOTPEREY, T TR R,
610 %,
(10 x11kms™'=110kms ™"
(b)
o R 2 _ '_ﬂ
g=g R+h) =>Whenh—Rtheng—4

So the weight of the body at this height will become
one-fourth

()
dV =— Edx
x /2 xIN2
or V=— f Edx=— f kx 2dx=k/x’
(a)
mvz_RMm »_ GM
_ :v —_—
R R? R
,=2mR :_4n°R’_GM
T T? R
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_4n’R°
GM
If T, and T, are the time periods for satellite S; and

.TZ

S, respectively

2 3 2/3

T, R, T,
— | =5 | =R=|7] R
TZ RZ Tl
T,=1h,T,=8h=10"km

8 3/2
RZ:(I) x10*km=4 x 10*km

21TR 4
— 122mX10° 5 o 10%kmh!

it 1
1
2TR 4
v,= 2:27I><4><10 — o x10*kmh™"

Relative velocity of S, with respect to S; is
v=v2—v1(n x10%—2 11 104) kmh™"

‘v|=n x10*kmh™"

216 (d)

F=mRw’
(6 x10*x[1.5%10"|[2x 107"
(36 x10"' N

217 (c)

L 1 o
kinetic energy = Smv.

.1
—mx2gR
bomx2g

-mgR

218 (¢)

Gravitational potential energy, U= GMm

GMm
X

2
r

cU=gxmr
LU=[mg|r

U=

r

Cmgzg
r

219 (b)

3/2
R,

o | =% 2)*=2.8 year

T,=T,

1

220 (c)

_GM . :
9= R? ; If R decreases then g increases. Taking

logarithm of both the sides;
log g=log G+log M=—-2logR

221

222

224

226

2dR
Differentiating it we get; 49 0+0 _2dR
g R
=24
100/ 100
dg 4
=% i in g=—>%100=——=x100=4 %
% increase in g g 100 0
(b)
T . T° 1 .
E_? Ry ={ constant
~nidi=n>ds [where n=4 frequency]
(b) B
— v. R p _
vaRp . —2=—Lx,[TE=4x9=12
Ve Re e
=v,=12v,
(b)

Let a satellite is revolving around earth with orbital
velocity V. The gravitational potential energy of
satellite is
-GM,m
——...(i)
R,
The kinetic energy of satellite is
1GM,m
=1 . (i)
2 R,
.Total energy of satellite
E=U+K
. GM,m 1GM_,m
6— +=
R, 2 R
1GM,m

L—=
2 R

But we know that necessary centripetal force to the

U=

K

e

...(iii)

e

satellite is provided by the gravitational force. ie,

m v2 _ G Mem
R, R
GM,_ m
imvi=———_. (iv)
R,
Hence, from Egs. (iii) and (iv), we get
-1 2
E=—myv
2
(b)

From Kepler’s third law of planetary motion
T20< R3

TI_R
TR
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227

228

229

G T%
24f

6400+6400
36000+6400

)3
cT2=(24 7 x 18 3
: 53

—T,=4h

()

Both the stars with same angular velocity @ around
the centre of mass (CM ) in their respective orbits as
shown in figure

The magnitude of gravitational force M, exerts on 1M,

(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

M:§HR3Xp....(i)

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

by
= (;1‘24 i)
Putting the value of M from Eq.(i), we get
Gin R3p
-_3 AR i)
g 2 3 p....
Given,p,=p,R,=0.2R,

.‘.gp:G%anpp:G X%n x0.2Rp=0.2g

(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

230

231

232

~
~

(ABxSA)

~
~

(rd@xr)

1
2
1
2

~1r2de
2

Thus, the areal (instantaneous) velocity of the planet

1S

d_A:lrzﬁzlrza)zconstant
dt 2 dt 2

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

(b)

V ,=4( Potential at A due to A) + (Potential at A

due to B)

-Gm,
R

Gm,
V2R

=>VA:

Similarly,
V ;={(Potential at B due to A) + (Potential at B due
to B)
_—Gm, Gm,
VTR R
Since, W4 _p=m(Vz=—V,)=W,
. Gm(ml—mz)(\/i—l)
6 —
V2R

(9

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
(R+h)
GM
but,g=—
g_GM R __F
g [R+h GM (R+h|
Here,g=_CM ___GM

(R+h|> |[R+3R[
. GM _ GM _9.

G- = =
4R} 16R° 16

(@)
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233

234

235

236 (

According to Kepler’s law of periods
T «a® {-major axis]
Here, in case 1 ais 7 R as satellite is 6R above the
earth and for a geostationary satellite 7= 24 h
~[24P«(7RP....i]
Similarly for case II
T?«(3.5RP....lii]
Dividing Eq. (i) by Eq. (ii), we get
[24F _ (7R]
> [35R/
e T2 :M
8
(T=6+2h

(d)

The gravitational force exerted on satellite at a height
X is

GM,m

(R+x[

where M ,=mass of earth.

G:

Since, gravitational force provides the necessary
centripetal force, so,

GM,m _ mv(z,
(R+X)2 (R+X)
where V, is orbital speed of satellite.
GM,m
— :mvo
(R +x]
gRZm GMe
= =mv,|.g=——
(R+x) R
) 5, L2
=>VO: gR = gR
[ (R+x)| |(R+x)
(b)

Because value of g decreases with increasing height
(©

Gravitational potential on the surface of the shell is
V = Gravitational potential due to particle (Vl)

+ Gravitational potential due to shell particle &)

_Gm [=G3m)|_—4Gm

R R R
(I)T | ——— R+h \/7 [As h< R and
GM=gR’]

(ii) Tma=27'[\/£
g

L T=
(111)

. R
(@iv) Tis=27t\/— [As [=00]
g
237 (a)
Gravitational potential energy of mass m at any point
at a distance I from the centre of earth is

U= —GMm
r
At the surface of earth r =R
-y ==GMm __ng( g= G]\z/[
R

At the height h=nR from the surface of earth
r=R+h=R+nR=R(1+n)

_—GMm _ —mgR
""R(1+n] (1+n)
Change in gravitational potential energy is
AU=U,~U="T9R _(_R)
"7 (14n)
, _mgR 1 \_
+mgR=mgR|1———|=mgR|——
o 1+n mJ mg( 1+n -md 1+n
238 (d)

According to Kepler's third law, T? is proportional to

cube of semi-major axis of the elliptical orbit.
ro+r,

Semi— major axis =

3
ritr,
2

To<

(T g
239 (a)
Gravitational potential at mid point
-GM, -GM,
~dr2 o di
—2Gm

Now, PE=mxV = (M1+M2)

{ mass of particle)

So, for projecting particle from mid point to infinity
KE=(PEV/{

G\M,+M
; 2 2Gm (M Mz) -9 ( 1 2)
240 (d)

The acceleration due to gravity at a depth d inside the
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241

2472

earth is
r

— 1_12 R__d:_
g=g R g R gR

where, R —d=r =¢ distance of a place from the

centre of earth, therefore, g' xr

(b)
Consider that the earth is sphere of radius R and mass
M. Then, value of acceleration due

A
A

to gravity at the point A on the surface of earth is
given by

_GM

=
If p is density of the material of earth, then

4 3
M=—nR
gt P
4 3
Gx—nR
oo 310 P
TR

(Lg:%nGRp

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 OB (i R—x ). The outer
spherical shell, whose thickness is X, will not exert

any force on body at point B.

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

Distance between their centresé AB=2 R

Thus, the magnitude of the gravitational force F that
two balls separated by a distance 2R exert on each
other is

243

1
va— If r=R then V=V,
r

Yy
If r=R+h=R+3R=4R then V== 0.5V,

(<)
2GM M
Vo= = Ve Xy —
R R

If M becomes double and R becomes half then
escape velocity becomes two times

245

246 (b)
Here to point 7 of problem Solving skills
h h
[_1:&\/}12: 191:0.5><g:3‘0]
h, g 9> g/6
Energy spent =mgh,=mg, h,
or h,=g.h./g, .. G)
| GEar IR h0i|GEnR2p IR ||=[G 25
3 3 3
R
imexPesp 2343 %05=3m
R, Pn 2 1
248 (d)

The gravitational intensity at a point inside the
spherical shell is zero

249 (b)
Gm(pdx)
X2

X dx
AR

F=Gm f (:A+Bx)d—)§
p X

~dF=

1 1

a a+L

F=Gm| A +BL

250 (a)
2GM

Escape velocity v, :\/ A
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IfR=

, \/ZGM
V', =2 ———

R
Since, G and M are constant hence,
v',=2v,

NI

251 (d)

M
Velocity of satellitevz\/G—
r
KE oV’ 1
r
(T ar?
KE o« T2

252 (b)
We have

253 (b)

T x r3/ 2 If r becomes double then time period will

(372

become (2> times

So new ti_me period will be_
24%2+2hri.e. T=48+2

254 (b)
g= % PpGR. If density is same then g < R
According to problem R,=2R,..g,=2g,

For clock P (based on pendulum motion) T=27 \/ L
g

Time period decreases on planet so it will run faster

because 9,>9,
For clock S (based on oscillation of spring)

‘m
T=2m,1
"\/k

So it does not change

255 (b)

Mass of satellite does not affect its orbital radius

256 (a)

mg':@m g—'_

_1
90 % g 3

Given,

Now, g=¢g (R+h]2 or g

R 1

°“R+h 3
or h=V3-1/R=0.73R

2GM
RE
1 GMm
KELme =2 R,
By law of conservation of energy
Total Total final
mechanical |=| mechanical
enerqgy energy

(KE + PE)surface =(KE+ PE]atheighth
=l GMM GMmZO_ GMm

2 R, R, R, +h
(.. velocity at maximum height is zero)
=V=R,

or (R+h):\/§R

257 (a)

|KE| -

escape 2

2: GMm
R

e

258 ()
_ _ 2G
Escape velocity of the planetis v, =
Where M , and R,, be the mass and radius

planet respectively

R g’ R 1
(R+h|* 3

MP

R,

of the

) ) 2GM,
Escape velocity of the earth is v,= R
e
Where M, and R, be the mass and radius of the earth

respectively

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

e

\/2(; M, \/2(} M, M, 9M
= = =
4R, R, 4R, R
=M ,=36 M,=36x6x10*kg
(216 x10*kg=2.16 x10*°kg

e

259 (a)
2
': = g
9=9\ R+h ( h)z
1+—
R
260 (c)

Increase in potential energy,
GMm _( —GMm )

AU=
(R+R) R
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ClGMm:l(GM

1
R AR mR:Eng

261 (d)
u’sin20
g

Range of projectile R=

1
If u and O are constant then R & E

R, g._R, 1 R,
—:—=>—:—=>Rm: =>Rm:5Re
R, g, R, 02 0.2
262 (d)
M
Vp =V sphere+ 14 partical
.GM GM _3GM
6 + =
a al2 a
263 (b)

From Kepler’s third law of planetary motion
TZ o R3
Given,R,=R,R,=5R

3
~T,=5"T[.T,=T)|

264 (b)
K= GMm
2R -
Escape velocity V, :\/ %
Kinetic energy to escape (K ) :% mx2 G?M
K =2K
265 (c)

Error in weighing
img—mg=mg—mg(1—2h/R)
m2hg

R

{mg2h/R=

Gin 2
 m2h 3" P 8nGpmh
R R? 3

266 (a)

KEZlmvz—lm[,

2 2

1.

tC—mMmoé

lva:3><lmx(11.2)2

2 2

v=y/3x11.2
267 (b)

g=g—w Rcos’ A

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 °

268 (c)
Velocity of body in inter planetary space
y \/ 2 2
vVi=v -V,

Where V.= escape velocity and
v={ velocity of projection

.'.v'=\/(2ves)2—v§s=\/3 vi= v'=\/§ves

269 (c)
Kepler’s law T « R>

270 (b)
Intensity of gravitational field at a point inside the

spherical shell is zero and outside the shell is [ o 1/r

271 (a)
As there is no gravity in space so spring will not be
extened.

272 (<)
Work done by the gravitational field is zero, when
displacement is perpendicular to gravitational field.
Here, gravitational field, .7 =4i +j'. if 0, is the angle
which makes with positive X-axis, then

l):1406'
4

tanGlzi or 0,=tan""'

If 0, is the angle which the line y+4 Xx=6 makes
with positive x-axis, then @,=tan ' (—4)=75°56"
so0,+0,=90°

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

273 (b)
Time period of satellite
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T=2n{i
Where, R,= Radius of earth,
h=Height . earth surface.
Time period not depend on mass. So, time period of
both satellite will be equal.

274 (b)

GM GM
—VR=y—
R g
iV6.67 %10 "x 7.34 x10%/1.4=1.87 x10°m

g:

275 (a)
g=g—w Rcos’A=0=g—w Rcos*60°

2
@ R=>w:2@:i@:2.5x10‘3E
4 R 400 sec se

0=g—
276 (c)
GM
=
2 2
o, 8= (Mur| [ Re|'_ 1 (12742
g, |M.| |R,|] 10 | 6760
29 _035= g,=9.8x0.35=3.48ms "
Jde
277 (b)

Potential energy of the 1 kg mass which is placed at

the earth surface 6 ———

R
Its potential energy at infinite = 0

.. Work done = change in potential energy ¢ ———

R
279 (c)
KE= GMm ——E, and
2r
pE="CMM_,p
r
=TE=KE+PE=—SMM_p_
r
280 (b)

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

, 2h

=qgll——
9=9 ( R )
The value of g at depth X below the surface of earth

X

— 1 A

9 =9 R
. 2h) X

These two are given equal, hence | 1 “RIT 1- R

On solving, we get X=2h

281 (a)
4 g _P. R,
=—7nGpR=>gx pR=>—=—X
:QZEXRQ:R :iR
1 3 R, m 18 ¢
282 (d)

Acceleration due to gravity at depth d below the
surface earth
d

i

Acceleration due to gravity at height h from the
surface of the earth
2h

gh:g(g_?

Giveng,=g,
2h_d
"R R
d=2h
d=10km

)

Acceleration due to gravity at an altitude h is
2
gR. : :
g,=7"—7; where R, is the radius of the earth
|R.+h|
9.8m/s*x(6400 x 10° m|’

6400 x 10°m+520 x 10*m|”

283

=8.4m/s’

284 (a)
Time period of satellite which is very near to planet

3 3 >
T:2n\/ R =2n R

GM 4 “'Ta\/l
ngRap p

[.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,
9=—"3
Re
bgox—
2
9o, _M, [R, .
Hence ,—=——X|— ..(1]
gp Mpz RPZ
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1 AR 291 (a)
Given p,_ 2 b l Acceleration due to gravity on the surface of the
M ’, R, 2 earth is
Substituting the given value in Eq. (i), we get g.= GM,
9, 1 (27 2 R
—=—X|—=| ==
g, 2 \1 1 Where M, and R, are the mass and the radius of the
59, 9,= 2:1 earth respectively
Acceleration due to gravity on the surface of the
286 (b) GM,
When going above at a height h or at a depth d below planetis 9,= ?
earth’s surface, in any case acceleration due to gravity P
decrease. Therefore, Where M , and R,, be the mass and the radius of the
9.>9,N9.> 94 planet respectively
Moreover g,<g,,if h=d. If both mass and radius of the planet are half as that
of the earth, then
287 (b) _G(M./[2)_,GM,_,
The relation between mass and density of earth is 9,= ( R /2)2 T R T 9ge
given form Newton’s law of gravitation, according to ‘ ¢
which 292 (a)
R, —_ g
1+—
where M, is mass of earth, G the gravitational R
constant, R, the radius of earth and g the acceleration 9__49
2
due to gravity. 4 1+ h
Also, mass =volume x density R
_ G xvolume x density 1+£:2=>£:1
2
R
Assuming spherical shape of earth volume =h=R
.4 3 - h=6400 km
6 § R
X 293 (c)
=GX ﬁ —T[R 4 3
4 9= GM__13
=g=G- 3 R p R’ R’
: o , 6gepR
Hence, increases in radius would dominate.
{Rod
288 (a) p
4 g, R Now escape velocity, V,.=v2 gR
g=—71pGR_If p = constant then —=— : =P g ’
3 9 R, Lv,x\ gR
289 (d) — 2
Total mechanical energy of satellite v, ® \/ gx % x \/%
po—GMm_E,_m, ry_3 4r_12
2r Egz mg ro, 1 r 1 . 1
-3kms
290 (b) R 294 (d)
v:\/ZG_M:\/ZgR :\/2 x (3.1 x 8100 x (10] Since, earth from west to east, so train Q has
R . effectively more angular velocity in comparison to
$27.9kmlsec train P and hence, experiences a greater centrifugal
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force directed radially outwards. So, train Q will

exert a lesser force on track Q in comparison to train

P. Hence, P exerts greater force on track

295 ()
2
gR _ h
=gl1—-—
(R+h) g( R
h h’  2h
——||1+—=+—|=1
or R YR
W h* h
_+___:0
or P R R
h|(h  h
—|—=+—=—1|=0
or PR
o h_—1£V1+4_V5-1
R 2 2
_VJ5R-R
or h=——m
2
296 (d)
—GMm+KE:—GMm
2R, 2R,
KE= GMm|1 1
2 |R, R,
297 (a)
If body is projected with velocity vV (v< Ve) then
h=—%
Height up to which it will rise, Vi,
?—1
- h= R __ R R
v . - —_ _ —_—
VZEG(Given) (Ve) ’ 1 4-1 3
v,/2
298 ()
1”3 2 47'[2 \3
T=2n{——=T°"=——|R+h|
GM GM
27113 2L
— R4 h= GMZ“ h= GMZ“ SR
4n 4n
299 (d)
mgR, mgR
AU=U,~U, =91 M9 % 9%
1+£ 1+& 2
R, .
mg R, -1
=>U2—(—ng4):T=>U2=7nge
300 (b)

From Kepler’s third law of planetary motion also

known as law of periods

T’=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.

301 (c)
Work done
w =AU =—T19"
—h
1+—
R

Substituting R= % we get

_mgx2R
AU=———
1+2
AU = 2mgR
3
302 (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

fe— 12 —>4 Iy I

3x

Vil
L=mv,r;=mv,r,or v2=r— ...(1)
2
Using the principle of conservation of total energy at
Aand B

1 > GMm_1 > GMm

mv; mv,
2 r 2 r,

11
or V§—Vf=2GM(r—2—r—l) (i)

Putting the values from Eq. (i) in Eq. (i1) and solving,

we get
1/2
2GMr,
Vi=|l—F/——
rl(r1+r2)
1/2
2GMr,r,
~L=mv,ri=m|———
Pty

303 (b)
g*pR

304 (a)
The necessary centripetal force required for a planet
to move round the sun = gravitational force exerted
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305

306

307

L2m

R(n+1)/2
(GMe)llz)

— T R(n+1)/2
(@)

According of law of gravitation, the force of
attraction acting on the body due to earth is given by

F=cMm i

The acceleration due to gravity g in the body arises
due to the force F from Newton’s second law of
motion, we have

F=mg...lii|
From Egs. (i) and (ii), we get
Mm

mg=G 2

— _GM
g_ Rz

(d)

, d v 2h
1-——|=¢g|1——

o153

d = depth of mine
h = height from surface

d ' 2h
1-—=|=g |1——
A
=d=2h
=10=2h
=h=5km
(b)
Gravitational force provides the required centripetal
force
2

msz_Gﬁ\j?)m 4T7'§ :GR]L/[=>TO<R2
(9

309

311

312

313

314

M m
| | Q
e dx»| |e—a—>]
[e—x—>
Gm(%dx
=dU =
X
a+l
—U [du=CmM | dx
I < x
=>U:_GImM10ge a+l)
(b)

Kinetic and potential energies varies with position of
earth w.r.t. sun. Angular momentum remains
constant every where

(a)
GM, GM,
— =
X r—x|
r—x_\/Mm_\/7.35><1022
or = =
X M, \5.98x10*

or r=011x+x=1.11x
x=r/1.11=3.85x10°/1.11

$3.47 x10°m

(a)

At a height h, (Taking h<{ R) from the surface of
earth

2h 9 2h _ 90
=gl|l—— —_—=]l-———=—
I g( R)Or g R 100
2h_, 99 _ 1
R 100 ~ 100
R _ 6400
=—=—=32
r97700~ 200 7K™
©
Angular momentum of the earth around the sun is
L=M,v,r
GM, GM,
=L=M, p r‘.’vOZ\/ p

=r=[MGM,r|"

Where, M . = Mass of the earth
M = { Mass of the sun

r ={ Distance between the sun and the earth
SL \/ r

)
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RV 1 _ R
=5 —=

R+h| 2 R+h

=R+h=V2R=h=(V2—1/R=0.414R

g=g

Hence, distance from centre 6 R+0.414 R=1.414 R

315 (a)
At depth d from the surface of the earth.

, d
= 1——
g g( R

_75 3
1009729

3g d
29_.1-4
oot
On solving, d=R/4

Given, g'

Then,

316 (c)
The escape velocity is independent of angle of

projection, hence, it will remain same je .11 kms '

318 (d)

2GM
Vo=t ——
R

\/2><667><10 11.99 x10®

6.96 x 10°
(618 km/sec

319 (d)
When earth moves round the sun then according to

Kepler’s second law, the radius vector drawn from the
sun to earth, sweeps out equal areas in equal time, ie,
its areal velocity (or the area swept out by it per unit
time) is constant. While in such motion, angular
velocity, kinetic energy and potential energy change.

320 (b)

321 (c)

AU= mgz _ mg; :ng
1+— 1+—
R R
g=CM. ._GM _GM 100/
R2 ) R’Z (99)2R2
% increase in Q:M
g
' 2
9 99
1 2
1+——| —1|x100~2%
99 °

322 (c)

323

Accelerationdue( gravity ,g=—

2

9u (M|, [Re
de Mg Ry
1 (12742 )
b—X|———

10 | 6760
Iv _0.35

de
gy=9.8%0.35=3.48ms "
(@)
W=AU=U,-U=U,-U,
t—=Up=—mV,

6—Vylasm=1]
Potential at point P will be obtained by in integration
as given below. Let dM be the mass of small rings as

shown

—-G.dM
dvpz%
V16 R>+r
oGMF r
o 2 2.2
7R 3k V16 R*+r

z,—zG—M(4f 5]

+2GM =
42—
— (4v/2-5)

-dr

W=

324 (c)

For orbiting the earth close to its surface
2

.mv:_GMm . GM
6 =———,ie,vo={/—=vgR

R g VYR

v,=1(9.8x6.4x10°)=8kms "
For escaping from close to the surface of earth,
GMm_ 1 2GM
—  —Smv,v.=

R 2
v,=V2xv,=1.41x8kms '=11.2kms "

=V2gR
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326

327

328

329

330

331

.". the additional velocity to be imparted to the
orbiting satellite for escaping is
112 —8=3.2kms""

(©

When two satellite of earth are moving in same orbit,
then time period of both are equal. From Kepler’s
third law

T?wr’®

Time period is independent of mass, hence their time
periods will be equal.

The potential energy and kinetic energy are mass
dependent, hence the PE and KE of satellites are not
equal.

But, if they are orbiting in a same orbit, then they
have equal orbital speed.

(a)
. _4 ,
Inside the earth g = 3 npGr..g'xr

(<)

Due to rotation of earth the effective acceleration due
to gravity g =g— R’ oS’ A.

For a given point on the surface of earth g decreases
as @ increases. The angular speed of earth is
maximum at equator hence, the value of g on the
surface of the earth is smallest.

(©
Acceleration due to gravity at height h,
2h
= 1——
9. g( R
Acceleration due to gravity at depth h,
h
=gl1——
9.=9 ( R )
-1
.-‘&:%: 1_2_h 1_£ — 1_£
g, 1—h/R R R R
94 . .
..— decreases linearly with h
9>
(a)
Gm,m,
Force between earth and moon F=———
r

This amount of force, both earth and moon will exert
on each other i .e. they exert same force on each
other

)

The variation of g with angular velocity (w) is given

332

333

335

336

337

by

g=g—Ro’

If earth were to spin faster, that is angular velocity
increases, then except at poles, the weight of bodies
will decrease at all places.

(9
—GM
Vv P:73(3 R*—r*) inside the sphere and
2R
-GM
V.= -

outside the sphere

(b)

To calculate the force of attraction on the point mass
m we should calculate the force due to the solid
sphere and subtract from this the force which the
mass of the hollow sphere would have exerted on
mie,

_GmM GmM
F= 2 2
X y
(x=R/4,x+y=RI/2]
M=|Z|nR’
3P
3
&Mvzin B p:M
3712 8
_GMm _Gm(M/8) _ 14GmM
R/4]  [RI4F R
(b) -
v,=v2 gR and vOZ\/gR.'. \/Evozve
(9

4
9=3 npGR=gxdR | given in the problem)

(b)
Weight on surface of earth, mg=>500 N and weight
below the surface of earth at
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338

339

340

341

342

343

Cmg(l—%)

M9 _Hr50N
2

(@)

GMM _ MV?

L’ L
|GM

>V =y ——
L

(d)

Mass of the satellite does not affect the time period

E— ﬁ 3/2_ r 3/2_ l 1/2_L
T, |r, 2r 8 212
(b)

F=0 when 0<r<R,
Because intensity is zero inside the cavity
F increase when R, ST <R,

1
Fo— whenr>R,

r
(c)
GM=gR’
u= 2gR:\/2 Gl‘f R:\/ZGM
R R
(a)

k represents gravitational constant which depends
only on the system of units

(9

The value of acceleration due to gravity at height h
(when h is not negligible as compared to R)

{R+h=v2R
~h=[V2-1|R

345 (a)
gR
(R+h[
6400
6400+64

g':

980 x

2
) =960cms >

347 (c)
The orbital velocity of satellite close to the earth is
vOZ\/gRe....(i)

where R, is radius of the earth. The escape velocity

for a body thrown from the earth’s surface is

v,=VgR,....lii]
thus Yo VT 1
v, \2gR. V2
SVe=42v,

1%

e

) 2
LYV =E—=—
2 42

348 (a)
Binding energy = — ¢ kinetic energy

=+ 2kms "

And if this amount of energy (E k) given to satellite

then it will escape into outer space
349 (d)
\/ GM
VO =
r

351 (b)

M
g= R% If radius shrinks to half of its present value

then g will becomes four times
352 (¢)
Resultant gravitational intensity at a mid-point on the
line joining the two bodies is
_Gm, Gm; 4G
r12F (rl2f 1
 4x6.6x10°"

12

(my—m,)

(1000—100)

$2.4x10 'Mkg™!
354 (c)

B.E.=—GMm

.If B. E. decreases then r also

decreases and V increases as V & —\/—
r

355 (c)
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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
g,=g—Rw’cos’ )
..g—g,=Rw’cos’A

At A=30°,
g—g3oo:Ra)2c05230°
: 3\
(R’ | =

A1)
. 3 2
=R
1,4 ®

357 (c)
_GM _ 4
For earth, 9= R —EHRpG
GM, 4

For the planet, gl:Tf:?TRlpG
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
mgh=mg,h,

~h, =2 h=20x5=100m

9.
358 (a)
Escape velocity does not depend on the mass of the
projectiles
359 (d)
W=0— —GMm | _ GMm
R R
LgR x M =mgR
g R 9
(1000 x 10 x 6400 x 10°
(64 x10"J
(6.4x10"7J
360 (a)

Fooxm x[1—x/m=xm*(1—x)

361

362

363

dF

For maximum force ——=0
dx
=>d—F=m2—2xm2=0
dx
=x=1/2
(o)
Change in potential energy
AU=U,-U,
...AU:—GMm_'_GMm
(R+nR] R
(,AU:_GMm+GMm
R(1+n|] R
Z,AU:GMm -1
R 1+n
- [R’g/m _ n GM
AU =- X .g=
R (1+n) g R>

z,AU=ng(L)
n+l1

(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
(viie)=11.2kms "¢

Let the mass, radius and density of earth be M ,RAp
respectively and for given planet mass, radius and
density are M ', R'A p' , respectively.

.". Escape velocity from the earth

2Gx

4 3

—nR

3" p)
v:

¢ R

2
= {BERe_jy

Similarly, escape velocity from the given planet

2 ,
v BER

Dividing Eq. (i) by Eq. (ii) we get
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_: /BGnR 29
v, 8Gn R’ p

b =
V

11.
ve

v',=22.4kms ™"

‘ o

I\J

E
R
_R
() —
“2R

364 (d)
GM,M,
Binding energy of the system ¢ BT
.8 6x10 " x6x10* x2 x10%
2x1.5%10"
$2.6x10%J
()

The potential energy of an object at the surface of the

365

earth
—GMm i

R
The potential energy of the subject at a height h=R

U=

from the surface of the earth

R+h R+R
Hence, the gain in potential energy of the object
AU=U,-U,
—GMm + GMm

R+R R
—GMm + GMm

2R R

1 GMm

AU==2T
2 R

But we know that GM = gR2

1 ngm
Hence AU==""—
2 R

U,=

AU=

AU=

&AUZ%ng

366 (a)
Using conservation of energy.
1 > GMm GMm
mv°— =0—
2 R 2R
.1 2_ GMm GMm
2 R 2R
cv—2£ﬂ£1—ll

R 2
. 2_GM
GV =——

R

Buth2:GM

367 (a)
Gravitational force dsesnot depend on the medium.

368 (c)

T,=T,|—

369 (c)

T,=T,

r 2/3
—2) =83
(83 x8=664 min

370 (c)
For w2 w ,3w apparent weight will be zero because
the system is falling freely. So the distances of the
weights from the rod will be same.

(@

Viri=

)

The velocity of the spoon will be equal to the orbital

371

V,r, [ angular momentum is constant]

372

velocity when dropped out of the space-ship

373 (d)
-GM GM
V= and [ =—
r r
V=0and I=0atr=o0
374 (c)

\/GM lgR? \/10><(64><105)2
Vo= = =

Vo r 8000 x 10°
$71.5x10°m/s=7.15km/s

(a)

The relation between density |d ] and acceleration due
to gravity ( g) is
39
4nR,G
g
d, ri g
d,r

91
gz dzrz

375

376 (a)
By conservation of angular momentum mvr =¢

Page| 83



constant

vmin X rmax = vmax X rmin

_ 60x1.6%x10"_60

- Vmin— ) —_:12m/S
8x10 5
377 (a)
K.g.=SMm
2R
378 (a)

gzgp—szcoszﬂzgp—sz cos’ 60°=gp—%R'

379 (b)
(ve)plz\/ZglRlz\/&X&:m
(Ve)pz \/291R2 9. R,

380 (a)
For the satellite to move along closed orbit (a circle

with a radius R+h) it should be acted upon by a force
directed towards the centre. In this case, this is the
force of earth’s attraction. According to Newton’s
Second law

mv’ _ GMm

R+h  [R+h]

GM
At the earth’s surface, R

2

Therefore, v:\/ gR =7.5kms "

R+h

381 (d)

S, is correct because whatever be the g, the same
force is acting on both the pans. Using a spring
balance, the value of g is greater at the pole.
Therefore mg at the pole is greater. S, is correct. S,

and S, are correct

(c)

F=mI
_F_45

i =
m 1.5

382

=30Nkg '
383 (d)

Gravitational force between sphere of mass M and
the particle of mass m at B is

FFG]ZIZm
If M, is the mass of the removed part of sphere, then
4 3 14 2 M
M,=—n|R/2p==|-nRp|=—
=3 7RI p=g|3m p) 8

Gravitational force between the removed part and the

particle of mass m at B is

_ GMm G(M/8)m _ GMm
* |d=RI2P |d—RI2 8[d—R/2]
fe—d —>
". Required force,
F:Fl_Fz:GMzm_ GMm :
d~  8[d—(R/2]
. GMm 1
6 e 1- RV
8l1——
2d
384 (d)
By Kepler’s law T « R*
T,|" [R,)
Hence, e
1 Rl
[25R+RY
6R+R
1 3
[’ =
H
_ 5
2_(:2)3/2

For a geostationary satellite

T,=24h
24
So,T,=——=6+2h
2242
385 (c)
lmvzzlmZ R=mgR
2 e 2 g g
386 (a)

Asg =g— Rcos’)

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 \. For the poles A=90 ° and for
equator A=0°,

(i) Substituting A =90 °in the above expression, we
get

9pole=9 —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
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get
— 2 2no
gequator =g—w Rcos 0
. _ 2
. gequator_g —w' R
ie ,the effect of rotation of the earth on the value of g
at the equator is maximum.

387 (@)
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

()
g':

389
GM

|R+h]
GM R’
R> (R+hf

7 » acceleration due to gravity at heighth

l
© [

391
We know that intensity is negative gradient of
potential,
ie,mI=—(dV/dr) and as here I=—(k/r), so

dv _k . ¢ ,,_, dr
F_r’le"!dv_kr{' -

or V—V,=k logrL so,V=k logrL+ vV,

0 0
392 (c)
Mass does not vary from place to place
393 (d)

Time period of simple pendulum T =27 \/ i,

In artificial satellite g =0.". T = infinite
394 (d)
Escape velocity of the body from the surface of earth
is v=v2 dgR
Escape velocity of the body from the platform

Potential energy + Kinetic energy = 0

o1 1 1
GEW:E;.'.f:E
395 (d)

Gravitational field intensity
_GM _6.6%x10" x7.34 x10%
R [174x10
(1.62Nkg '

I

396 (a)
Mass of the ball always remain constant. It does not
depend upon the acceleration due to gravity

397 (a)

d 100

-

_ 2
R 100 =9.66m/s

398 (a)
Below the surface of the earth g %1 and above the

surface of earth g o1/ r’. Therefore, the graph (a) is

correct

399 (a)
—dV
=
dx

If V=0 then gravitational field is necessarily zero
400 (a)

v:\/m=>111:\/gE X &:\/2 X l:i_

ve 19, R, 4 2

“c<
I
5l

401 (b)

According to Kelper’s third law (law of periods),
wehave T « R’

where T is time taken by the planet to go once
around the sun and R is semi-major axis (distance) of

the elliptical orbit.

~T’=kR’...(0)

Where K is constant of proportionality.

When R becomes 4 times let time period be T .
~T?=ki

1
8
(T=8T

So, time period becomes 8 times of previous value.

402 (c)
Just before striking, the distance between the centre
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403

404

405

406

of earth and moon is,
R _ SR,

_ e
r=R+—=

4 4
So, acceleration of moon at this moment is

GM
a:—ezzl—6 x10=6.4ms "
5R. /4" 25

(b)

VX —=

Vr

% increase in speed & 1/2 (% decrease in radius)
$1/2(1%)=0.5%
i.e. speed will increase by 0.5%

(d)
Time period of satellite
T « ——,where M is mass of earth.

{, where R is radius of the orbit, h is the height of
satellite from the earth’s surface.

)

2
Escape velocity for that body v,= ﬂ
r

V. should be more than or equal to speed of light

2Gm
r

i.e. >c

(@)

Let a point mass C is placed at a distance of X m
from the point mass A as shown in the figure

M u M
A x ¢ 0w
le 1 m |
© 2
A_4 .

Here, —— =—, Force between A and C is

Mg 3

GMM, )

AC™ 2 (D
X

Force between B and C is
_ GM M,

BC™ (1—X)2

..(il)

According to given problem F .= g Fye

GM,M 1/GMgM
S =5 > [Using (i) and (ii1)]
X 3 (1—x]
MA MB MA_ X2
2 2\/ - 2
x* 3[1-x My 3[1-x]

407

408

409

2 2
4 X X

> —= V4=
3 3(1—xf (1—x]
Or 2= X or2—2x=x
1—x
2
3x:20rXZ§m
(@)
_IGM _ |6.67x10 " x6x10* _
v= = e =1km/s
r 384000 x 10
(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
y = GMm

R
Gravitational potential energy of racket at a heighth
from earth’s surface

_ —GMm
> (R+h|
Increase in gravitational potential energy of racket
AU=U,~U,= —GMm + GMm
R+h R
(AU= GMmh
(R+h|R
If v is the escape velocity of racket, then
AU=Lmy?
2
1 o2 GMmh
2 \R+h|R

= mv’ R°+mv’ Rh=2GMmh
—V*R*=[2GM—V*R|h
_ V'R®
" 2GM—Vv*R
()
2

. R,
Given —=—
R, 3

e

d,” 5

AsMG=gR?

d,_4

iM=d x 2R
3
4 3 _ 2
dex EnRe XG_geRe

Z,dexgnReXnge....(i]

Similarly for planet
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4 ..
dpxganngp....(u)

Dividing Eq. (i) by Eq. (ii), we get

g R, d,
& = % X i :i =0.5
g, 3 5 15
410 (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. It 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 proportional to —
r
411 (c)
Acceleration due to gravity at height h
2h ;
=g|1——]....1l
9n=9g ( R ) il
and depth d
d ..
=g(1——|....li
9a g( R |- il
From Eq. (i) and (ii),
R g
=2h=d
413 (a)
Time period of satellite
3
+
T=2n \/ L h)
GM,
where R+h=orbital radius of satellite,
M ,=mass of earth.
Thus, time period does not depend on mass of
satellite.
414 (d)
Giventhat ,the orbital velocity of satellite = escap
v, .
=>vO=3....(1)

But we know that,

2
vo—\/R+h/\ve V2gR

On putting these values in Eq. (i)

R+h 2
On squaring both sides, we obtain
gR® _2gR
R+h~ 4
(2gR*=gRIR+h|
(2R=R+hVR=h

\/ gR> _2gR

(h=R=6400km
415 (c)
Value of g decreases when we go from poles to
equator
416 (d)
Kinetic energy of satellite in its orbit
E -1 mvi
2
.._1 [GM)|_GMm
CE=—m|l—|=
2 r 2r

kinetic energy at escape velocity

e

1 2
E==
2mv

&lm(2GM): GMm
2 r r
(2FE
Therefore, additional kinetic energy required
(2E—-E=E
417 (c)
Potential energy of a body at the surface of the earth
_—GMm _—-9R*M _

PE= =—mgR
R R

4500 %x9.8 x 6.4 x10°

6—3.6%10"J

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 1
I=—=—=0.7 Nk
dx 20 g

Acceleration due to gravity,

g=I=0.7Nkg '

Work done under this field in displacing a body on a
slope of 60 ° through a distance S

im(gsin60°)s

02%[0.7x43/2)x8=9.6J

419 (d)
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mG (m/10)

Weight on mars ¢mg = RI2P

-m % img:i><200:80N
10 10

420 (c)
Here, I:d—vz—k/r
dr

or dV:k%

Integrating it, we get
[av=]1K%L

r
or V=V +klogr/r,

421 (a)

Angular momentum ¢ Mass X Orbital velocity X
Radius

GM
R,

tmx XxR,=myGMR,

422 (b)

Time of decent tZ\/ & 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

423

P
h
g= ghz
1+—
R
, h\™? 2h
9=g|1+4 g( R)
g
Given,g ==
iven,g 4
g_ 2h
d=qgl1—-2—
49 R)
1_. _2h
4 R
2h_3
R 4

425

427

428

430

431

=>h:£
8
@
I
T:27I\/—
g
AT _Ag
T 2g
or AT==89 ==L, [Z03],»—40.005s
2g 2 1100

.. Time period at equator
2+0.005=2.005s

)

lLo=1o,

zMRZ E
5 T,

T, 24
T2:—2:—2
n~ n

2
:ZM.%
5) n

2n

T,

(@

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,

Rp

Re

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.

(b)
Gravitational pull depends upon the acceleration due
to gravity on that planet

1 1
M =— , ==
m 81 e gm 692
172 1/2
:GM=RG:£X& :81)(l
9
.R=—R
e \/6 m
(a)

Gravitational attraction force on particle B
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GM,m

2
¢ [D,/2
Acceleration of particle due to gravity
F, 4GM,
a=—= 5
m DP
432 (d)
Water fills the tube entirely in gravity less condition.
433 (d)
g’ 2h _ 90
i h Lo 2h_ 90
At height g R 100
2h 90 _ 10 _ 1

_— == =
'R 100 100 10

or R=20h=20%320=6400km

' d 95
d g =1—-——=—
At dept g R 100
d _ 95 5 1
or p=l-—r==—
R 100 100 20
or d_i—w 320k
20 20
434 (c)
2
G x iTIRE;p
Gxmxm 3 4 2p2R4
2RF 4R? 3
~FuR*
435 (b)

_ _GM
Using Q—? we get 9,=9/5
437 (c)
When a sphere of mass m is released in a liquid, it

. . . .mg—Fy,
falls vertically down with acceleration { ——

ﬁnr3dg—£nr3pg
3 3 _(d—p)g
4 d
—nr-d
3
438 (c)

The metallic spheres will be at positions as shown in
the figure.

LO=tan

439 (c)
When there is a weightlessness in the body at the
equator, then g =r —Rw’ =0
or w=v ﬁ and linear velocity
iowR=[Vg/RIR=VgR

) 1 o
.. KE of rotation of earth ¢ 5 Tw

(1x2 MR

25

(2 Ml R)2=1MgR

5 5
440 (b)

The acceleration due to gravity on the new planet can
be using the relation

GM ;
=i

g

but M= % n R’ p,pbeing density .
Thus, Eq. (i) becomes

4 3
GX—nR
gt P
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E ) i = ﬂ =3
g R
=g =3g
441 (c)
T\ _Ri_[6R]'_
AT AT L aE o
T, R, [3R
X
24 224 _g
T,
Tiz 24 x24
8
T5=72
T3=36x2
T,=6+2
442 (b)
2
—=¢ constant = Ty~ >={, constant
r
443 (a)
_—GMm _—GMm
U= or r=
U
L —6.67x10 " x6x10"x 7.4 x10"
~7.79 x10%
$3.8x10°m
444 (a)
When a satellite is moving in on elliptical orbit, it’s
angular momentum ({7 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 S 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 planet and M that of sun, ' the
radius between the two. Let the planet be moving
with velocity V,, then

Gravitational force = centripetal force

N[

446

447

448

449

Hence, larger the distance, smaller the orbital
velocity. At point C distance from sun is maximum,
hence orbital velocity is lowest. At point A distance
from sun is minimum, hence orbital velocity is

maximum.

(d)

_Gmm, Gmm, Fop?
Cr+2r? 9r? e e

4
Note that F « r* by taking m=§ Yy r4p and then

3.3

rr . 4
Fox—-—,ie,F xr

r

is not correct because the gravitational law obeys
inverse square law and is not related with densities

)
If m is the mass and V is the orbital velocity of the

satellite, then kinetic energy.

1
E=—
2mV

LEm= % m’v’

{m*v’=2Em

imv=v2Em...il

If r is the radius of the orbit of the satellite, then its
angular momentum

L=mvr

Using Eq. (i),

L=(v2 Em|r=v2 Emr

)
If the body is projected with velocity vV (V < ve) then

height up to where it rises,

h=

(@
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According to kepler’s third law T° « r3; At

r=0,T=0. It shows that the graph between T > and

r? is a straight line passing through origin

450 (c)

At equator, g =g — R c’. When angular velocity be

w'ixw), then,0=g—Rw” orw'=Vg/R=xw

or x=(Vg/R)lw
_10/(6.4 % 10°)

x24 x60x60=17

2n
451 (c)
At equator, g°=g—Rw’=0 orw=+g/R
or w=410/(6.4x10°)=1.25x10rad's '
452 (a)
When the thief with box on his head jumped down
from a wall, he along with box is falling down with
acceleration due to gravity, so the apparent weight of
box becomes zero, (because, R=mg—mg=0), so
he experiences no load till he reaches the ground
454 (d)
Acceleration due to gravity at a height h form the
surface of the earth
g=g ;
1+ n
R
Given,h=2R
g' =g
(1+2f
r =9
6 — 7
979
455 (d)
. G(M/2) _2GM
Here, g=GM/R and g = ( ) 7 —
[RI2F R
.. % increase in = )X 100
z(giklﬂ)x100=10096
g
456 (b)
-y R -
v=\/2gR=>—2:\/gE x —2=\[1x4=2
ve ge Re
LV,=2v,
458 (a)

Since, T’=kr®

2AT _3Ar _ AT _3Ar
= = = ==
T r T 2r
459 (b)
g= GM Ei7IR p—inGpRzeg R
R* R*3 3
460 (b)
a mzcos30°:mm2r=mw—ZL'r:L'wz\/E
> 3 TR
462 (c)
_GM
9=73
r
g=9.8m/s’
463 ()
Here , AB=BC=CD=DA=1m
BD=AC
V12412
iV2m
Total potential energy
| =Gx1x1| |-Gx1x1| |[-Gx1x1
U= + +
AB BC CD
—Gx1x1| |—-Gx1x1| |—-Gx1x1
+ + +
DA BD AC
zAx{_GX1X1+2_Gf}X1:—54G
V2
3—#4—¢
lkg \\\\ ’,’/ lkg
kgL~ I \\Qlkg
A% Im > B
464 (a)
Given, F,=F,=FA0=60°
A
Qv
LIII/ \\\\L
II //’ \\
IIII ’,///L \\\
I/i/’/ \l? N\
Q@ -mmmemmnn e Q¢
M L M

Resultant force= V3F
.. Force onmass at Adue . massat BAC
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465

466

467

468

469

o 2
13| M

Centripetal force for circumscribing the triangle in a

circular orbit is provided by mutual gravitational
interaction.
MV _ | GM’
(L/\/B) L’
. \/GM
Lv=——
L
(b)

Let velocities of these masses at I distance from each
other be V; and V; respectively

By conservation of momentum

m,v,—m,v,=0

=m,v,=m,v, ..(i)

By conservation of energy

Change in P.E.={ change in K. E.

Gmym, 1 1
——2=—m,vi+=m,v;

r 2 2

myv; myv, 2Gmm,
= + = ...(11)

m, m, r

On solving equation (i) and (ii)

/ 2Gm2 _/ 2Gm
m+m2 ~\r(my+m,)

app |V1‘ |V2|— r (m1+m2)
(@)
v,_|g
Voo /90 B - rgng=6. v,=6xv,=67.2km/
ve ge Re
(b)
2 ..2\1/3
h=|LE| _Rr
4
62 1/3
| [24%60 % 607 x x6.4x10°"x 9.8

—6.4x10°

4 x(22/7)
(3.6 x 10’m = 36000 km

(b)

T:ZH\/(R+h) =2 \/[ZR) =427 \/E
gR gR g

(d)

According to Kepler’s law T° « 1

470

471

472

,=2R,

—T,=22T,

Since,T ,=365days=1 year ,we have
T,=2 V2 %365 days

T ,=1032.37

T ,=1032days.

()
If the mass of sun is M and radius of the planet’s
orbitis I,
then as vo=+ GM/r
2 An’r’
7= :2nr\/L,ie,T2: A
Vo GM GM

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 > [—-GMm)\_, GMm
—mv'+ =0—
2 X r

—dx\'_2GM |r—

dt r x |
o _d_x:\/ZGM (r—x)
Todt r X

0

dt= d

Orj V2G f (r—x)|

Substituting x rsin®6 and solving the RHS,
mr

2GM |\ 2
In the light of Eq. (i) reduces to
1 V2
T,ie,t=
V4y2 (

t=—— T

©
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2
T’= an r°. If G is variable then time period,
GM
angular velocity and orbital radius also changes
accordingly
473 (b)
: R ‘4 2
= = | =— =10m/
979 Ren g(3R/2z,") g 9lg=10m/sec
W:ﬁ X mg:wzgggN
9 9
474 (a)
Total Total final
mechanical | =| mechanical
energy |p energy |o
1 2 GMM 1 > GMm
Lmjop-—GMM__L,, 2 GMm
2 V3RIR* 2 R

475 (a)
At an altitude h the acceleration due to gravity is

: 2h
g—g(l—R—)

e

img=m 1—2—h
g - g Re
; o 2h
ie,w —w(l Re)
ﬁw—w 1—2—h
100~ R,
ie,h=0.005R,
At point below the surface of earth at depth h. The
weight of body given by
, 2h
w=w 1—?6
¥ =0.995
w
% szu_gﬂ x 100

w
% Aw=0.5% (decreases)

476 (b)
Due to inertia of direction
477 (d)
Using law of conservation of energy

478

479

480

481

482

r 2 R
v'_GM _GM
2 R r
(,GM(r_R):gR(r_R)
rR r
v=y2gR(r—R)/r
(b)
4 3
Xx—mR
oM _CX3TRP .
g=—F= > =—nGpRie,g*R
R R 3

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 S

(b)

Gravitational force due to solid sphere, F,

2R]"”
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 sphere with
cavity = force due to solid sphere creating cavity,
assumed to be present above at that position

GMm G(M/8)m_ 7 GMm

ie,F, = =
* 4R* (3R} 36 R

S F,_7GMm (GMm|_7

®F, 36R | 4R | 9

(9

1
v, x T where r is a position of body from the
r

surface
v, r, ! R 24/2

)

Gravitational potential at a pint outside the sphere
-GM

V,= . But V 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=110/(6400 x 10°)=1/800

483 (c)
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484

485

486

488

. GMm
Force on the body ¢ ———
X

To move it by a small distance dx,

. GMm
Work done ¢ F dx =———dx
X

—GMm R+h
X

R+h dX
Total work done 6 GMm f ==
R X

1 1

R R+h
|IR+h|=R|_ GMmh
R(R+h) | R(R+h)

GM . mhR _gmhR _ PRh
R R+h R+h R+h

LGMm

—GM

s \%4 5 out
R r

surface™

Binding energy ¢V EV{
1 GMm _1
SImR,
“2 R, 2

~.logg=log G+log M —2logr

Differentiating both sides w.r.t. t

1_dg_ cLdr ( dr

g dt rdt\dt

== (d_g X 100)
g\ dt

_d g

100——1)

dr
—2x——x100
r(dt )

x100=—2x[—1]|=2

..g mcreasing 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
.. ——=——=aconstant vector
At  2m
Therefore, Kepler’s 2nd law is the consequence of the

principle of conservation of angular momentum (L)

489

490

492

493

494

495

=0

Now, =1«
STa=0va=0
tap=ra=0

ie, tangential acceleration is zero.

(d)
For central force, torque is zero

UT= dL—0=>L 4 constant

dt

[.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

1-4]
R

as g= g(
()

The velocity with which satellite is orbiting around
the earth is the orbital velocity (vo) and that required
to escape out of gravitational pull of earth is the
escape velocity (Ve).

We know that

ve=V2gRAV,=VgR

.. Increase € velocity required

Lve_v \/2g \/gR
V, \/gR
iV2—1=0.414

Percent increase in velocity required
0.414 x100=41.4%

(a)
Because value of g decreases when we move either in
coal mine or at the top of mountain

(c)
\/GM
V=g —=
R

GM
(R+R/2)

\/ZGM 2

v,

-V
3 R 3

(@)

Potential energy

—GMm GMm _
r +h

—GMm
2R,
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._gRim_—_l

mgR,=—0.5mgR,

2R, 2
496 (c)
Error in weight = difference in weight at two different
heights
. 1 2h, 1 2h,
tm ——|—m -
IRIT™TTR
R " M R R 2
[where, h, —h,=h,]
. 2m 4 5 h_4
GEX Gx—=—nR pXE—EHGmph
497 (c)
g= gh2
1+—
R
9__4
16 h \?
+_
R
2
1+£ =16
R
1+—=4
R
h=3R
498 (a)
2 2 p3
ZR:GMgm: 2n R:G]\;.I=M:4n122
R T R GT
499 (c)
M,\[R.\ 1),
= —P == =9.8| — 22
9=9\ M, || R, (80)( )

$9.8/20=0.49m/s’
500 (b)

V=1 %:vea VM if R={ constant

If the mass of the planet becomes four times then
escape velocity will become 2 times

501 (c)
Gravitational field due to a spherical shell
At a point inside the shell, i.e.,r<R
E ..=0

inside —
.". The gravitational force acting on a point mass m at

DCAM classes

a distance R/2 is
P':rnEinside:0
502 (a)

1
Vv X —_If orbital radius becomes 4 times then orbital
r

.7
velocity will becomes half, I.€. B =3.5km/s

503 (a)
The energy given to the body so as to completely
escape from its orbit is equal to its kinetic energy KE.

504 (a)
) R
Radius of earth R=6400km..h= 2

Acceleration due to gravity at a height h
RVY_ [ R V_16
R+h 257

R+B
4

At depth 'd ' value of acceleration due to gravity

an=9

1
= 9n

gd:2

(According to problem)
_1[16 d
=09:=5|52 197 Y

_1(16
2|25 R 21259

By solving we get d=4.3 x10°m

505 (c)
Let gravitation field is zero at P as shown in figure.

mn it 4dm
A® } °

'<_X_>I<_V—X_>|

< ’ >
. Gm _Gl4m|
X [r—xP
—4x’=(r—x/
= J2X=r—Xx

r
— x=—
3

Pox  r—x

&_3Gm_6Gm_—9Gm
r r r
507 (b)
GM;m
mg=———; where M and Ry is the mass and
E
radius of the earth respectively. M ;= % Ré
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