GRAVITATION

1. Thereisaconcentric hole of radius R in a solid sphere of
radius 2R. Mass of remaining portion is M, then the

gravitational potential at centre is
@=56M  (B)=ICM  (O=3GM (g =

14R

Answer: (d)
Potential at centre due to a solid sphere of radius r and mass
mis v =-25m"

Here required potentlangB.@&ﬁmtta;lmimetoDDE,gg,@m|aldueto[l

0 Osphere

2. The height at which the acceleration due to gravity
becomes g(where g = the acceleration due to gravity on

the surface of the earth) in terms of R, the radius of the
earth, is

@ 2R (b) R @R () "

Answer: (a)
GH
(R+h)2

Sk =(R-GYD

Ug =

3R=R+h

h=2R



3. Which of the following statement is absolutely correct
about mass -

(a) More the mass of a body connected with spring balance
more will be the elongation in spring balance.

(b) More the mass of body kept in one pan of beam balance
more the mass has to be kept on the other pan to keep
beam horizontal.

(c) More the mass of a body, lesser will be its acceleration

for a given force.

(d) All of the above

Answer: (c)

Consider the situation in gravity free space.

4. A body of mass m and radius r falls on earth from a great
height. If M is mass and R is the radius of earth while

r R:ﬁ then the acceleration of the body when it hits the

earth is: (acceleration due to gravity at earth surface is g)

(@) g (b)0.98g  (c) o%s (d) 98¢
Answer: (b)
_GM_ GM _ GM _ GM =-0o9gg
x2 (R+r)2 R 1011F

_I]R+ T 0 )
iR " 100 Hroo0f



5. 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 in the same
velocity.

(c) become stationary in its orbit.

(d) move towards the earth.

Answer: (b)
Move tangentially to orbit due to inertia of direction.

6. A man weight W on the surface of the earth. What is his

weight at a height equal to R?
@wW () W © W W

Answer: (c)

W, _mg, _g, _(RRR)2
W mg ¢
Wh

_ W

__4_

7.  With what angular velocity the earth should spin in order
that a body lying at 45°latitude may become weightless?

(a) |E (b) 22
(c) 2# (d) None of these

Answer: (b)
0=g-Rw2co0s245°



8. Two bodies of masses 10 kg and 100 kg are separated by a
distance of 2m. The gravitational potential at the mid-point

of the line joining the two bodies is:

(@) =7.3x10- (b) =7.3x10-
7J/kg (c) - 8J/kg (d) -
AnswepXEP— 7.3x10-63/kg

@edligational potential

_—-Gx10-Gx100 _-_110G
1 1
==110%6.67x10-11Jkg-1

=—7.3x10-93/kg

9. The kinetic energy needed to project a body of mass m
from the earth's surface to infinity is
(a) 1mgR (b) 1mgR
(c) mgR (d) 2mgR

Answer: (c)
ER-GMm=0
R
R= GMm
ork —

gR2m
R=2___
or Er= =

or ER=mgR



10. The distance of Neptune and Saturn from the Sun are
nearly 1013mand 1012mrespectively. Their periodic times will
be in the ratio

(@) 10 (b) 100 (c) 1010 (d) 1000
Answer: (c)
T2 _R3
R
Tn 3B/2
J?s:%“iﬁs = (VI 0910410
0100

11. The velocity with which a 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 orhit
(d) gravitational constant
Answer: (b)

v=y2M v does not depends mass of the projectile.

12. The ratio of the accelerations due to gravity on two planets
P1&P2is K1.The ratio of their respective radii is K2.The ratio
of their respective escape velocities is

@ HAEK O @

Answer: (a)

vl
Y= /_ZgRL = [
Vo 28R , LK



13. Aman weighs W on the surface of the earth. What is his
weight at a height equal to R? R—Radius of earth)

(a) W (b) W/2 (c) W/4 (d) W/8
Answer: (c)

Wh_mgh_gh_ R2 _,, _W

W mg g (R+R)2 e 4

14. The earth's radius is R and acceleration due to gravity at its
surface is g. If a body of mass mis sent to a height of R/4
from the earth's surface, the minimum speed with which the
body must be thrown to reach a height of R/4 above the
surface of the earth is

@ 2 () (& () v&° d) =

Answer: (a)

1hvo=au=1meR
2

L= |2¢R
5

15. Wheiglatbody is taken from the equator to the poles, its
(a) Remains same
(b) increases
(c) decreases
(d) increase at N-pole & decreases at S-pole



Answer: (b)

Because acceleration due to gravity increase so weight also
increased.

16. A small satellite is revolving near earth's surface. Its orbital
velocity will be nearly
(@) 8 km/s (b) 11.2 km/s (c) 4 km/s (d) 6 km/s
Answer: (a)

These satellite have = \/% =gR=8km/s.

17. 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) 596%
Answer: (b)
ve= V2v0=1.414v0%increase in orbital velocity

18. If the radius of earth were shrink by 1%,its mass remaining

th same, the acceleration due to gravity on the earth's
surface would

(a) Decreased by 2% (b) Remain unchanged
(c) Increased by 2% (d) Increased by 1%
Answer: (c)

. . 1
g&Mifm ass is constantor g -
g=—2x%changeinR=-2x(-1%)=+2%



19. A body of mass m is taken from earth surface to the height
h equal to radius of earth, the increase in potential energy

will be
(&) mgR (b) ImgR (c) 2mgR (d) 21mgR
4

Answer: (b)

au=meh

1 ht
Oh=R
So ay = MgR

20. A comet travels around the sun in elliptical orbit. Its mass
Is 108kgwhen away its speed is 2x104ms-1.Find the change in
KE when it has reached 5x1010maway from the sun

(a) 38x108J (b) 48x108J (c) 58x108] (d) 56x108
Answer: (b)

2x10%2.5x10 11
VIrEv2r2 v2=

5x1010
1x108[(105)2-4x108]=48%x108]
2

=105

AKE =

21. A satellite orbits a planet, moving very close to its surface.
By what maximum factor can its kinetic energy be
increased suddenly, without change in direction, such that it
still remains in orbit?

(@) 1.5 (b) 2 (c) 2 d 3



Answer: (c)
For an orbit close to planet's surface, £E¥2:mg

For escape velocity,yaagr 432

22. Two satellites A and B, the ratio of their masses being 3:1,

are in the circular orbits of radii r and 4r. The ratio of total
mechanical energy of A to that of B is

(@)1 (b) 3 3 (d) 12
Answer: (d)

E=—GMmorE m
2r r

E2 1 1 1

23. Two particles each of mass m are placed at A and C as such
AB = BC = L. The gravitational force on the third particle

placed at D at a distance L metre on the perpendicular
bisector of the line AC, is

gzLag G\/HDthongBD (b) %léalongDB
alongAC
(c) Gm22 (d) none of these
Answer: (b)

Angle ADC=90°
distanceAC=DC=20 e

FAB ED



24. If the radius of the earth becomes half of its present value
(mass remaining the same), the new length of the day
would be
(@) 6 hours (b) 12 hours (c) 48 hours (d) 96 hours

Answer: (a)
] :Iw:I]gM%DDP_ T
0 s " BoTo

T R2

25. Two electrons are revolving around a nucleus at distances
‘r"and ‘4r’. The ratio of their periods is

(@) 1:4 (b) 4:1 (c) 8:1 (d) 1@
Answer: (d)

r_1_n21 n, 1

54 o2 "2,

LK

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

(@) 7 km/sec (b) 112 km/sec
(c) 11.2 km/sec (d) 1.1 km/sec
Answer: (c)

Escape velocity %/%=11.2km/5

10



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

(@) is doubled (b) becomes four times
(c) is reduced to half (d) is reduced to a quarter
Answer: (d)

"% Risdoubled, soF g soF becomes 1/4th of its

present value.

28. The value of ‘g’ on poles is

(@) Maximum (b) Minimum
(c) Zero (d) None of the above
Answer: (a)

g=%250Refor poles is minimum so g is maximum.

29. If the speed of rotation of earth about its axis increases,
then the weight of the body at the equator will
(a) increase
(b) decrease
(c) remain unchanged
(d) sometimes decrease and sometimes increase

Answer: (b)

Due to rotation, the effective value of g is g'=g—-w2Rcos2A.

Now, wincreases so g’'will decrease & so weight =mg’will

reduce
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30. The two moving particles collide and clump together on a
smooth horizontal surface. The following statements are
given below (a) Mechanical energy is conserved. (b) Total
energy is conserved. (c) Work done by the system is
positive (d) Work done by the system is negative. Choose
the correct option. (A) (a) and (c) are correct. (C) (a) and
(d) are correct.

(B) (b) and (c) are correct.
(D) (b) and (d) are correct.
Answer: (d)
It is obvious for 2 mass system, whether it is elastic,
inelastic or perfectly elastic. Total energy of system will
remain conserved. But final kinetic energy will be less than
initial K.E. So work done by the system will be negative.

31. Find the work done to take a particle of mass m from
surface of the earth to a height equal to

2R
2mgR
(@) 2mgR (b) mgR (c) 3mgR (d) Tg
Answer: (d)

W=A(PE)=GMm[1 10

0™~ 3R

0R
_ 2GMm _2gmR
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32. What is the shortest possible period of an Earth satellite in
circular orbit ?

(@) 2 \7% (b) zero (c) 1 day (d) 1vyear

Answer: (a)

(R+h) 3
T =2m,|
GM

T will be minimum ifth=0

R® fR
=21
ng OrT min g_

33. Two satellite A and B go round a planet P in circular orbits
having radii 4R and R respectively. If the speed of satellite
Ais 3v, the speed of satellite B will be
(@) 12 v (b) 6 v (c)4v/3 (d 3v/2
Answer: (b)
The speed of satellite is called orbital speed orbital speed

_ |gMe 1 vB _ [RA
yo= [GMe 1 vB_ RA
Re JR VvA \RB

4R

Tnin=1p

34. 2 kg body falls from infinity to the surface of earth what

will be the kinetic energy of the body on reaching the

surface of Earth? (Assume escape velocity to be 1024]

(a) 108] (b) 10163  (c) 10203 (d) 1024
Answer: (a)
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Kineticenergy =zmv2= % '2.104.1043=108]

35. The ratio of the accelerations due gravity on two planets

P1&P2is k1.The ratio of their respective radii is k2.The ratio
of their respective escape velocities is

@ae )P © s @ 2
Answer: (a)
Vi_ 2g1R1=\/@

V2 ZgB 2

36. The weight of the body at the centre of the earth is
(a) zero (b) infinite
(c) same as on the surface  (d) None of these
Answer: (a)

Because g at centre of the earth is zero so weight =mgis
also zero.

37. The depth d at which the value of acceleration due to
gravity becomes times the value at the surface, is

[R = Radius of earth]

@R ) Rgn-10 (R, @ =g
Answer: (b)
Due to depth

01-d
gD RO

0
0
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g'=g/n
g =gll1-dl g-1-1 =% n-1f
n RO n 0
d:RI]n—ﬂ.IZI_

g "0

38. The acceleration due to the gravity on the moon is one sixth
that on earth. If the average density of moon is three fifth
that of earth, the moon's radius in terms of earth's radius Re
IS
(@) 0.16Re (b) 0.27Re (c) 0.32Re (d) 0-3¢Re

Answer: (b)

We know

4=nGRp.so

£ 3

g érrGRMoor},r,pOon

Moon =13
gearth ﬂnGRQ

g 6_4mG mp7/4GR
3

w

RM S_Re =0.27 R,
18

39. The diameters of two planets are in the ratio of 4:1& mean
density have ratio 1:2,then the ratio of g on the planets will
be
(@) 1:2 (b) 1:4 () 2:1 d) 41
Answer: (c)

We know g4=nGRp
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given R1:R2=4:1&p1:p2=1:2

g  AnGrig
so = =3 -4
g ﬂT[GRp

3 2 2

40. When you move from equator to pole, the value of
acceleration due to gravity (g)

(a) increases (b) decreases

(c) remains the same (d) increases then decreases
Answer: (a)

From eq.

g'=g—w2Recos2A

Where Ais the latitude which is 0°at equator and 90°at the
poles. Therefore g’is maximum at poles and minimum at
equator. Hence value of g increases while going from the
equator poles.

41. A satellite of the sun is in circular orbit around the sun,
midway between the sun and the earth. Then
(a) The period of the satellite is nearly 229 days
(b) The period of the satellite is nearly 129 days
(c) The speed of the satellite equal the escape velocity of
the earth.
(d) The acceleration of the satellite is four times the
acceleration of the earth.
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Answer: (b)
T2 r3

T

=0
£ 0

P
a

Or/20
365days=22\;]'— _ 365 days 129days
T 2V2

42.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 of the following is correct?

(@) d=2h (b) d=h (c)d=5% (d) 3"
Answer: (a)
Agl=0g2
D2h0  d
0RO
d=2h

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

take the particle far away from the sphere. (you may take
G=6.67x10-11Nm2/kg2)

(a) 6.67(0)@-0O2x10-107
(c) 13.34x10-10J (d) 3.33x10-10J
Answer: (b)

17



W =0 0 —H—GMmH 6-67x10-11x100x102 _¢ 7x10-103
A 10-1

44. Average density of the earth

(a) is directly proportional to g
(b) is inversely proportionalto g
(c) does not depend on g

(d) is a complex function of g

Answer: (a)

Average density of earth =%

So, Average density of the earth is directly proportional to
g.

45. The binding energy of a particle of mass m with a planet,

when it is on the planets surface, is.1m@A.tunnel is dug

along a diameter of the planet and the particle is dropped
into it from the surface, when the body reaches the centre
of the planet, its speed is

(@) v (b) v@ (c) Zero d) >

Answer: (b)

The motion of the particle within the tunnel is simple

harmonic. At mean position all of its energy is K.E. which

is equal to half of Binding Energy.
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