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1. Two spherical bodies of mass M and 5M and radii R and 2R respectively are released in free
space with initial separation between their centers 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.4.5R
C.7.5R
D. 1.5R
Sol: C

(c) - Let the spheres collide after time t, when the smaller sphere covered distance x1 and bigger sphere
covered distance x2.

The gravitational force acting between two spheres depends on the distance which 1s a variable quantity.

The gravitational force,
F(x) = GMXS.M!'
(12R—x)

: Gx5M
Amhmmimﬂuﬂ bﬁd}'—,al(x)=m

. : GM
Accelerati on of by bo s

on of bigger body. a, (x) MR=a)
From equation of motion,
X =£a,(x) t* and x, zky (=) t* =>i=ﬁ=5:>xt =5x,

O ) ’ X, a,(x)

2

We know thatx , +x, =9R
X, +£=9R
5
s R peg
a

Therefore 4he two spheres collide when the smaller sphere covered the distance of 7 5R.
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2. 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. Based on above information, answer the
following question: The height of the satellite above the surface of the earth is (R is the
radius of the earth)

A.2/R

B.R

C.3R/2

D.2R

Sol: B

U, = 28R

v, = 2T dﬁ
Sl 2

The orbital velocity of the satellite =

GM _ [eR®
(R+h) VR+h

:)Jg=,f£ or h=R.
2 R+h

3. Newton’s law of gravitation is valid for
A. small bodies only
B. planets only
C. both small and big bodies
D. only valid for solar system

Sol: C

(c): Many students have misconception that Newton’s law of gravitation is valid only for big
(heavenly) bodies. But this is wrong. Actually gravitational force is the attractive force that
one body exerts on another body because of its mass.

Therefore, gravitation exists because of masses of bodies and does not depend on size of the
bodies.

4. The question contains statement-1 (Assertion) and Statement-2 (Reason). It has four
choices. You have to select the correct choice.
Assertion: A satellite moves around the earth in a circular orbit under the action of gravity.
A person in the satellite experience a zero gravity field in the satellite.
Reason: The contact force by the surface on the person is zero.

A. if statement-1 is true but statement 2 is false.

B. if statement-1 is false and statement-2 is true.

C.if both statement-1 and statement-2 are true and statement-2 is the correct explanation
of statement-1.
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D. if both statement-1 and statement-2 are true but statement-2 is not the correct
explanation of statement-1.

Sol: B
The person experiences zero net force as the force of gravity is balanced by the centrifugal
force inside the satellite.

5. The density inside an isolated large solid sphere of radiusa =4 kmis givenby r = r oa/r
where I o is the density at the surface and equals to 109 kg/m3 and r denotes the distance

from the centre. The gravitational field in m/s2 due to this sphere at a distance 2a from its
centre is (Take G = 6.65 x 10-11 Nm2/kg?)

A. 418 m/s?
B.382 m/ s2
C.258m/ s2
D.948 m/ s?

Sol: A
(a) : The gravitatio nal field at the given pomt
T Sh A

(2a)* (4a)’

The mass M may be calculated as follows.

Consider a concentric shell of radius r and
thickness dr.
Its volume is dV = (4 )dr

i
and its mass & dM = pdV =[pu EJ(ﬂtmldr]
o

=4mp ar dr.

The massofthe whose sphere &
M= I 4rp ar dr =27p,a’
1]

Thus, by (1) the gravitatio nal field s

2nGp a® 1
=——7F—=—aGp,a

4a? 2 Pe

1 22 .
.-.E=Ex7><6.65><10“1x10"‘><4><103><m;s-

E

= E =418 m/s*
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6. Acceleration due to gravity g and the mean density r of the Earth are related by the relation
G is the gravitational constant and R. is the radius of the Earth

94 s
A. g 3
B —g/G=r
PR
3
g 4p
cC. =—R=r
G 3 F€
D. glG:r
PR
3
Sol: B
GG ()
B R} R\3 %
g
g=—nR,Gp=p= 4TG
T‘.R,e

7. The question contains statement-1 (Assertion) and Statement-2 (Reason). It has four
choices. You have to select the correct choice.
Assertion: The time period of geostationary satellite is 24 hours.
Reason: Geostationary satellite must have the same time period as the time taken by the
earth to complete one revolution about its axis.

A. if statement-1 is true but statement 2 is false.

B. if statement-1 is false and statement-2 is true.

C. if both statement-1 and statement-2 are true and statement-2 is the correct explanation
of statement-1.

D. if both statement-1 and statement-2 are true but statement-2 is not the correct
explanation of statement-1.

Sol: C

As the geostationary satellite is established in an orbit in the plane of the equator ata
particular place, so it move in the same sense as the earth and hence its time period of
revolution is equal to 24 hours, which is equal to time period of revolution of earth about its
axis.
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8. 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. Based on above information, answer the
following question: The additional energy required by the satellite to escape the earth is:

A 2GMm
R
GMm
B. ——
R
C GMm
2R
3GMm
2R
Sol: C
(c) :Energy ath + AE = Energy at mfinity
_ 2GMm HAE=0
R+h
_ GMm
R+h

But h=R so &E=M
2R

9. A uniform ring of mass m and radius r is placed directly above a uniform sphere of mass M
and of equal radius. The centre of the ring is directly Ring above the centre of the sphere at a

distance rv/3 as shown in the figure, the change in potential energy is

Ring

G

3 £ 2r

J
M

Sphere

GM cm
2R
GM :m
4R
GM :m
8R

A.

B.

C.
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GM cm
16R:
Sol: B

(b) : The change m potential energy i twice
the change inthe total energy.

GM m | GM_ m
SR . 4R ,

:-U=2E=2{

10. Two satellites are orbiting around the Earth in circular orbits of the same radius. The mass
of satellite A is five times greater than the mass of satellite B. Their periods of revolution are
in the ratio

Sowp

o
>U1HHH

wn
o

i

T2=[:;;]R3

T is independen t of the satellite’ smass m
=T, 1Ty =1:1

11. The question contains statement-1 (Assertion) and Statement-2 (Reason). It has four
choices. You have to select the correct choice.
Assertion: The difference in the value of acceleration due to gravity at pole and equator is
proportional to square of angular velocity of earth.
Reason: The value of acceleration due to gravity is minimum at the equator and maximum
at the pole.

A. if statement-1 is true but statement 2 is false.

B. if statement-1 is false and statement-2 is true.

C.if both statement-1 and statement-2 are true and statement-2 is the correct explanation
of statement-1.

D. if both statement-1 and statement-2 are true but statement-2 is not the correct
explanation of statement-1.

Sol: D
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(d) : Accelerati on due to gravity, g =g-R o cos’4
At equator, A =0°.". cos 0° =1

g, =g-R.o’
At poles, 2 =90° . cos90°=0
CEp T8

Thus, g, -g, =g-g+R,0" =R, 0’

Also, the value of g maxmmun at poles and mmmuum  at equator.

12. A particle is projected from the mid-point of the line joining two fixed particles each of mass
m. If the separation between the fixed particles is I, the minimum velocity of projection of
the particle so as to escape is equal to

A |GM
|
Gm
B. —_—
2
2Gm
C. _—
|
D. 2 ZG_m
[
Sol: D

(d) : The gravitational potential at the mid-point P,
Ve eV _—Gm_ Gm _ 4Gm

SRR 2) @2)
= The gravitatio nal potential energy

U:_ﬁani]m[: ‘

me = mass of particle

When it 1s projected with a speed V. i just
escapes to mfinity. and the potential and kinetic
energy will become zero.

= AKE+APE =0

F
:>(O—lmav2)+ ~L— 4Gmma) =0
2 I
=>v=2 fme
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13. Figure shows two shells of masses m1 and m2. The shells are concentric. At which point, a
particle of mass m shall experience zero force?

m,

According to shell theorem, inside a spherical shell the gravitational field due to the shell is
zero. Here D is a point inside of both the shells; hence the field due to both the shells will be
Zero.

14. The question contains statement-1 (Assertion) and Statement-2 (Reason). It has four
choices. You have to select the correct choice.
Assertion: Smaller the orbit of the planet around the sun, shorter is the time it takes to
complete one revolution.
Reason: According to Kepler’s third law of planetary motion, square of time period is
proportional to cube of mean distance from sun.

A. if statement-1 is true but statement 2 is false.

B. if statement-1 is false and statement-2 is true.

C.if both statement-1 and statement-2 are true and statement-2 is the correct explanation
of statement-1.

D. if both statement-1 and statement-2 are true but statement-2 is not the correct
explanation of statement-1.

Sol: C

According to Kepler’s third law of motion, the square of the time period of a planet about
the sun is proportional to the cube of the semi major axis of the ellipse or mean distance of
the planet from the sun.i.e. T2a»3, when a

is smaller, shorter is the time period.

15. A satellite goes along an elliptical path around earth. The rate of change of arc length a
swept by the satellite is proportional to

Ar
B. r2
C.rl/2
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D.rt
Sol: D

E=lr2m=.::1:J.i*r.f."{f|1:lr=Ji'c
dr 2

ﬂ%r(rm)=k:>ur=2k:>u<:c(]fr).

16. With what angular velocity the Earth should spin in order that a body lying at 450 latitudes
may become weightless?

A 2
R
g |29
R
c 2|9
R

D. None of these
Sol: B
g'=g—o'R cos’ A

if g=0ati=45"=o R cos’ 45° =g

17. The force between a hollow sphere and a point mass at P inside it as shown in the figure

A. is attractive and constant

B. is attractive and depends on the position of the point with respect to centre C.
C.is zero

D. is repulsive and constant.

Sol: C
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18.

19.

Since gravitational field inside hollow sphere in zero. Therefore force acting on the particle
p and C are zero.

Choose the correct alternative

A. Acceleration due to gravity increases with altitude

B. Acceleration due to gravity increases with increasing depth.

C. Acceleration due to gravity is independent of mass of the earth.

D. The formula - GMm {1 - 1:|

r2 r1
2h
A g(h) =g |1-Z
g(h) go( REJ

d
B.g(h)=9,|1-—
ao-a[1-2)

GM
c. gh)= -z =
D. mg(r,—r,)
Sol: D

The mass of the Earth is 81 times that of the Moon and the radius of the Earth is 3.5 times
that of the Moon. The ratio of the acceleration due to gravity at the surface of the Moon to
that at the surface of the Earth is

A. 0.15

B. 0.04

C. 1

D. 6

Sol: A
GM

R?

where M and R are mass and radius of moon respective ly.
G(81M)

(3.5R)2

Bearth= 6-61gmoon

1
(A)  =guoon= 5o Geartn = 015geare

Emoon=

Bearth=
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20. The question contains statement-1 (Assertion) and Statement-2 (Reason). It has four
choices. You have to select the correct choice.
Assertion: We cannot move even a finger without disturbing all the stars.
Reason: Everybody in this universe attracts every other body with a force which is inversely
proportionalto the square of distance between them.

A. if statement-1 is true but statement 2 is false.

B. if statement-1 is false and statement-2 is true.

C. ifboth statement-1 and statement-2 are true and statement-2 is the correct
explanation of statement-1.

D. if both statement-1 and statement-2 are true but statement-2 is not the correct
explanation of statement-1.

Sol: B

According to Newton'’s law of gravitation, everybody in this universe attracts every
other body with a force which is inversely proportional to the square of the distance
between them. The distance of the finger from the stars is almost infinity for measuring
gravitational fields.



