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GRAVITATION

Newton’s Law of Gravitation

2011

1.

A planet moving along an elliptical orbit isclosest to the sun at a distance r, and farthest away
at adistanceofr,. If vyand v, arethelinear velocities at these pointsrespectively, then the

A
ratio tis
V2

ar,/r b) (rzlrl)2 oyrlr, d) (r1/r2)2

2. A body projected vertically from the earth reaches a height equal to earth’sradius before
returning to the earth. The power exerted by the gravitational forceis greatest
a) at the instant just before the body hits the earth
b) it remains constant all through
C) at the instant just after the body is projected
d) at the highest position of the body

2010

3. Onecan easily weigh the earth by calculating the mass of the earth by using the formula
(in usual notation)

G 5 g2 g G 3
a — b) = c)= d) —
)g& ) R )G Re )g&

4. Threeequal masses of 1kg each are placed at the vertices of an equilateral triangle PQR and a
mass of 2kg isplaced at the centroid O of thetriangle which isat a distance of J2m from each
of the vertices of thetriangle. The force, in Newton, acting on the mass of 2kgis
a) 2 b) /2 o1l d) zero

5. What will bethe acceleration dueto gravity at a depth d where g isacceleration dueto gravity
on the surface of earth

g 2d g d
a b) g|1-— C)———— d gll-—
)[ ) ) ofr-35) )[ ) ) 9|14
1+— 1-—
R R
6. Theheight vertically abovethe earth’s surface at which the acceleration dueto gravity

becomes 1% of itsvalue at the surfaceis (R istheradius of the earth)
a) 8R b) 9R c) 10R d) 20R
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7. A planet has same density and same acceleration dueto gravity as of earth and univer sal
gravity as of earth and universal gravitational constant G istwice of earth. Theratio of their
radii is
al:4 b) 1: 5 c)l:2 d)3:2

8. Two particle, initially at rest move towar ds each other under the effect of gravitational force
of attraction. At theinstant when their relative velocity is 3v where, v isthe velocity of the
slower particle, then the speed of the centre of mass of two given particleis

a 1v b) 2v c) 3v d) zero

2009

9. At what height above the surface of earth the value of acceleration dueto gravity would be
half of its value on the surface of earth? (Radius of the earth is 6400 km)
a) 2561 km b) 2650 km c) 3200 km d) 9800 km

10. Two particlesof equal go round acircle of radius R under the action of their mutual
gravitational attraction. The speed v of each particleis

R vmlE RE R

2008

11. If thedistance between the sun and the earth isincreased by threetimesthen attraction
between two will

a) Remain constant  b) decrease by 63% C) increase by 63% d) decrease by 89%

2007

12. Two spheresof massesm and M are situated in air and the gravitational force between them is
F. The space around the massesis now filled with a liquid of specific gravity 3. The
gravitational for ce will now be

F

8 mg- ¢)3F d)F

2004

13. Themassof moon is1% of massof earth. Theratio of gravitational pull of earth on moon and
that of moon on earth will be

a l:1 b) 1:10 c) 1:100 d2:1
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Acceleration dueto Gravity

2008

14. What will happen to the weight of the body at the south pole, if the earth stops rotating about
itspolar axis
a) no changes b) increases
c) decreases but does not become zero d) reducesto zero

15. Which of thefollowing statementsis/aretrue
a) a clock when taken on a mountain can be made to give correct time if we change the length of
pendulum suitably
b) an increase in value of g makes a clock go slow
c) it the length of a pendulum isincreased, the clock becomes fast
d) A clock when taken to adeep mine or carried to the top of a mountain becomes slow

2007

16. Thedensity of newly discovered planet istwicethat of earth. The acceleration dueto gravity
at the surface of the planet isequal to that at the surface of the earth. If theradius of the earth
ISR, theradius of the planewould be

1 1
a 2R b) 4R c) =R d =R
) ) ) 2 ) >

17. Theacceleration dueto gravity on the planet A is9timesthe acceleration dueto gravity on
planet B. A man jumpsto a height of 2m on the surface of A. What isthe height of jump by
the same person on the planet B
a) 6m b) 2/3 m ) 2/9m d) 18m

2005

18. Imagine a new planet having the same density asthat earth but it is3 times bigger than the
earth in size. If the acceleration dueto gravity on the surface of earth isg and that on the
surface of the new planet is g”, then
a) g’'=3g b) g’=% €)g’=9g d) g'=27g

2004

19. when you move from equator to pole, the value of acceleration dueto gravity (g)
a) increases b) decreases
C) remains the same d) increases then decreases
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20. A body weighs 500N on the surface of the earth. How much would it weigh half way below the
surface of the earth?

a) 1000N b) 500N c) 250N d) 125N

Gravitational Energy
2010

21. Theenergy required to move a satellite of mass m from an orbit of radius 2R to 3R around
earth of massM is

a) GMm b) GMm 0 GMm d) GMm
12R R 8R 2R

22. Theescape velocity for the earth is v,. The escape velocity for a planet whose radiusis %th the
radius of earth and mass half that of the earth is
V,
a e
) 72
23. Thechangein the gravitational potential energy when a body of massm israised to a height
NR above the surface of theearth is (here R istheradius of the earth)

a) (n 1) mgR b) ( jng c) nmgR d) %R

b) V2, 0)2v, d) VE

2008
24. A particle of mass 10g iskept on the surface of a uniform sphere of mass 100kg and radius

10cm. Find the work to be done against the gravitational for ce between them to takethe
particle far away from the sphere (you may take G = 6.67x10 " Nm’kg?)
a) 13.34x10°J b) 3.33x107°J ) 6.67x10°J d) 6.67x10™°J

25. Twobodiesof masses m and m, areinitially at rest at infinite distance apart. They arethen

allowed to move towar ds each other under mutual gravitational attraction. Their relative
velocity of approach at a separation distancer between them is

MUZ 12 ;1!2 E 12
a)[ze : } b){ ml+mz>} C){ZG(mlmz)} d)[rmlmz}
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2007

26. An asteroid of massm is approaching earth, initially at a distance of 10R, with speedv. . It hits
theearth with aspeed v, (R, and M, areradiusand mass of earth), then

a) Vi =V +%£1— %j b) V2 =V + 2C;eme (1+%)
C) V? :\/iz+26_m‘3(1_ij d) V? :Viz+26_m(1_i}
R, 10 R 10
2006

27. If aspherical shell iscut into two piecesalong a chord as shown in figure and point P and Q
have gravitational intensities I, and I, respectively, then

a) 1,>1, b) I,=1,=0 Qlp=lg#0 d) 1, <1,

2005

28. At what temperature, hydrogen molecules will escape from the earth’s surface? (T ake mass of
hydrogen molecule=3.4x10°kg , Boltzmann constant =1.38x10"2 JK , radius of earth
=6.4x10°m and acceleration dueto gravity = 9.8ms™2)
a) 10K b) 10K c) 10°K d) 10°K

29. Therearetwo planetsand theratio of radius of thetwo planetsisK but ratio of acceleration
dueto gravity of both planetsisg. What will betheratio of their escape velocity?

a) (Kg)" b) (Kg)™* ©) (Kg)® d) (Kg)™

2004

30. Escapevelocity at surface of earth is 11.2kms™ . Escape velocity from a planet whose massis
the same asthat of earth and radius¥that of earth, is

a) 2.8kms™ b) 15.6kms™ C) 22.4kms™ d) 44.8kms™
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2003
31. Thevelocity with which a projectile must be fired so that its 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
Motion of Satellitesand Kepler’'s Laws of Planetary M otion
2010
32. By what percent the energy of a satellite hasto theincreased to shift it from an orbit of radius
3
rto—r
2
a) 15% b) 20.3% C) 66.7% d) 33.33%
2009

33. Theperiod of revolution of an earth’s satellite close to surface of earth is90min. Thetime
period of another satellitein an orbit at a distance of four timesthe radius of earth from its
surface will be
a) 90v/9min b) 270 min ©)720 min d) 360 min

34. A synchronousrelay satellitereflects TV signalsand transmits TV programme from one part
of theworld to the other becauseits
a) period of revolution is greater than the period of rotation of the earth about its axis
b) period of revolution is less than the period of rotation of the earth about its axis
c) period of revolution is equal to the period of rotation of the earth about its axis
d) massis less than the mass of earth

35. Two satellitesof earth, Sand S,, aremoving in the same orbit. Themassof § isfour times

themassof S,. Which one of the following statementsistrue?
a) thetime period of § isfour timesthat of S,

b) the potential energies of earth and satellite in the two cases are equal
c) SandS, are moving with the same speed

d) the kinetic energies of the two satellites are equal
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2007
36. Themotion of planetsin the solar system isan example of conservation of
a)mass b) momentum c) angular momentum d) kinetic energy
2006
37. For asatellitemoving in an orbit around the earth, theratio of kinetic energy to potential
energy is
1 1
a2 b) = C) —— d) 2
) ) > ) NG )
38. Theminimum energy required to launch am kg satellite from earth’s surfacein a circular
orbit at an altitude of 2R, R istheradiusof earth, will be
a) 3mgR b) gng c) 2mgR d) %ng
39. A satelliteismoving on acircular path of radiusr around the earth hasatime period T. If its
radius dlightly increasesby Ar, the changein itstimeperiod is
2
a) §(IJAr b) (IjAr C) (T—Z}Ar d) none of these
20r r r
40. Thetotal energy of a satellite moving with an orbital velocity v around the earth is
3 L2 b) — £ myv? o) mv? ) 2mv
2 2 2
41. Theeccentricity of earth’sorbit is0.0167. Theratio of its maximum speed in itsorbit toits
minimum speed is
a) 2.507 b) 1.0339 c) 8.324 d) 1.000
2005
42. Theorbital velocity of an artificial satellitein acircular orbit just abovetheearth’ssurfaceis
v. The orbital velocity of a satellite orbiting at an altitude of half of the radius, is
3 2 2 3
a) EV" b) §v0 C) \/;vo d) \/;vo
43. Theearth revolvesaround the sun in oneyear. If distance between them becomes double, the

new time period of revolution will be
a) 4/2years b) 2./2years c) 4 years d) 8 years
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Two planets arerevolving around the earth with velocities v, and v, inradii r, and r,(r, >r,)
respectively. Then

a Vv, =V, b) v,>v, C)V, <V, d +t=-=

A planet revolvesin elliptical orbit around the sun. Thelinear speed of the planet will be 44
maximum at

a) A d) D

2003

46.

47.

48.

49.

Assertion (A) : Theearth isslowing down and asa result the moon iscoming nearer to it
Reason (R) : The angular momentum of the earth moon system is not conserved

a) Both assertion and reason are true and reason is the correct explanation of assertion

b) Both assertion and reason are true but reason is not the correct explanation of assertion
c) Assertion istrue but reason isfalse d) Both assertion and reason are false

Assertion (A): Thelength of the day isslowly increasing

Reason (R): Thedominant effect causing a slowdown in therotation of the earth isthe
gravitational pull of other planetsin the solar system.

a) Both assertion and reason are true and reason is the correct explanation of assertion

b) Both assertion and reason are true but reason is not the correct explanation of assertion
c) Assertion istrue but reason isfalse d) Both assertion and reason are false

If the distance the earth and the sun wer e half its present value, the number of daysin a year
would have been

a) 129 b) 182.5 c) 730 d) 64.5
A satelliteisrotating around a planet in the orbit of radiusr with timeperiod T. If
gravitational for ce changes accordingto r®?, the T will be

a) <><:r3 b) ocr7/2

C)oc r.9/2 d) oc r.3/2
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KEY
1) a 2) a 3 b 4) d 5) d 6) b 7)c 8) d 9b |10)c
11)d | 12)d | 13)a |14 a |15 d |16)d |17)d |18 a |19 a |20)c
2)a | 22)a | 23)b |24 d |25b |26 c |270)c |28d |29a |30)c
3)b |32)d |33c |34c |35c |36)c |3)b |38b |39a |40)b
b |42)c |43 b |44c |45a |46 d |47 d |48 a |49b
HINTS

Newton’s Law of Gravitation

From the law of conservation of angular momentum
mnv, = nr,Vv,

Given OP =0Q = OR=+/2m

P1 kg
Azkg

Foqcos30°= Fog cos30°
1 ké-? 30° 30° "1’ @
The gravitational force on mass 2kg due to mass 1kg at P
2x1
F,, =G——=Gaong OP
RN T
Similarly,
2x1
F., =G——=Gaong OQ
T R
2x1
And F,=G—=—=G aong OR
"= W2r ’
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Foo cos30°and F,, cos30° are equal acting in opposite direction, then cancel out each other. Then

the resultant force on the mass 2kg at O

F = Fgp — (Foo SiN30° + R, sin30°)

F :G—(9+Ej
2 2

0 :
)
R

2
:>(1+%j =100 = h=9R

Acceleration due to gravity at earth’s surfaceis given by
GM .

Since earth is assumed to be spherical in shape, its massis
M :volumexdensity:gzzR%
Given, p,=p,=p,G, =2G,
4
G,| -7R® |pxR?
. _ 9(3 Re)p :
9 RjXGp(:ﬂ'stp

__GRxR, -G =
= R ROX26, (G, =2G,)
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11.

12.
13.

14.

16.
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. %decreasesin F :(F ;F j><1oo:gxloo

Thus, attraction force between sun and earth is decreased by 89%.
Concept
Concept

Acceleration dueto Gravity
Concept 15.

The acceleration due to gravity on an object of mass m
F
g=—
m
But from Newton’'slaw of gravitation
Fo Gll;/lzm
Where M is the mass of the earth and R the radius of earth,
_GMm/R* _GM
m R?

Given’ pplanet = 2pearth
A|S), gplanet = gearth

GM, GM,
2 2
Rp R

=
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19.

20.
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GxgﬂRﬁpp Gxgﬂpre
¥ ®

Or Ryp, =Rp.

Or R,x2p, =R.p.

R
R

gA = ggB .............. (l)
But, v* = 2gh

Or

Atplanet A, hy=—.............. (ii)

Atplanet B, hy =~ ...oocvoeene. (iii)

20,
Dividing eq (i), g, =99,

hy gs _1

hy 99, 9
Or h, =9h, =9x2=18m (-~ h, = 2m)

GXEER?’/) 4
—_ =G><§ﬂ'Rp
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23.

24,

25.
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Gravitational Energy

Energy required = Total energy (final) —total energy (initial)

~ GMm(_ GMmj _GMm_GMm _ GMm

2BR)\ 2(2R) 4R 6R 12R
2GM
Vv, =
\ R
M, R,
M= Ry
v = ZGXM6X4=\/§VQ
2R,
Ue:_% ad U, =—-— GMm __ GMm
R (R+nR) R(n+1)
AU=Uh—Ue=GMm 1 1 :( n jGMm:
R (n+1) n+l) R
U.:_GMm

r

U 6.67x10 1 x100x10
P 0.1

U - B67x10"
0.1

=-6.67x107"°J

=W =AU

=U,; -y, (-U;=0)
~W=-U, =6.67x10"J

By conservation of momentum
my, -myv, =0

SMV, =MV, cooveveevennnennns (i)
By conservation of energy
Changein PE = changein KE
Gmm, _1

:—mlv2+1rnzv2
r 2ttt 2%

n
R
(n+1jmg
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28.
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2 2
o My, my, _26mm, (ii)
m m, r
On solving egs (i) and (ii)

2
Vv, = ﬂandvzz 2G—rni
\ r(m+m,) Vr(ml"‘mz)
_ [2G
SV = M+ |V, = T(m+n12)

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

Ki+U =K, +U, ..o (1)
Now, K, :lmvfand U, = GM.m

2 10R,
K, :%mvianduf _EMm

Substituting these valuesin egs (i), we get
1 , GMm 1 , GM/m
— =—nv: —

mv; f
2 10R, 2 R
1
2

> GM,m GMm
mv + -
R 1R
SV =V 4 2GM, (1— i}
R, 10
linside spherical shell gravitational field intensity at any point is zero, hence

lo+1g=0

= l+1,#0

v, = /ﬂ .............. ()
m

Escape velocity of gas moleculesis

As the root mean sgquare velocity of gas molecules must be equal to the escape velocity
. Fromegs (i) and (ii) we get

[3KT 2gR.m
= _ /2 T=2E
m R= 3k
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32.

33.
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_ 2x9.8x6.4x10°x0.34x107*°
3(L38x10%)

=T =10*K

Therefore, 10°K isthe temperature at which hydrogen molecules will escape form earth’ s surface

Escape velocity v, =4/2gR
Where g is acceleration due to gravity and R isradius

&:K’&:g

R, 9,
ﬁZ—ugJ.R.z [Kg

v, yO:R

Vl 1/2

2L (K

v, (Kg)

Escape velocity v, = ZGF'{\)AE
Me=Mp,Rp=%

el Mo R G,
Ve Me R9/4

=V, =2V, =2x11.2 = 22 4kms™

Concept

Motion of Satellitesand Kepler’s Laws of Planetary Motion

Binding energy of satellite = Gg/lm
r
Wherer isthe radius of orbit
In second case BE = GMm
3r

.-.AE:GMm 1 1)_GMm

r 2 3 or

GmelOO ,
% increase in energy of a satellite ZGEBW :€x100:33.33%
2r

T?«<«R Or T«R"
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39.

www.sakshieducation.com

’ 3/2
Or T? — [4_:j — (4)3/2 — (22)3/2 — 23 — 8

= T'=8T =8x90=720 min
Concept

Concept
From second law,

—=1r = |==r‘w
d 2 (d) 2

Let J be angular momentum, | the moment of inertia and m the mass, then

J=lo=mr’ew
A_J_ constant
d 2m
Hence, angular momentum of the planet is conserved

Potential energy of satellite

U:_GMem
R
Where R, isradius of earth, M the mass of earth, m the mass of satellite and G the gravitational
constant
|U|:GMem
R,
Kinetic energy of satellite
KZEGMem
2 R
Thus,ﬁzlGMemx R __1
u 2 R GMm 2
- . -GMm ([ -GMm
Minimum required energy =U,-U, = -
e gy U, -, - S (=Ghm)
_GMm[_} 1}_§GMm_§
6 6 R 6
FromKepler'slaw, T =kr?¥?
ar _3k*
dad 2T
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dr _3 j AT B(Tj
— = — == —

dr 2lr Ar 2\r

AT:E[IjAr

2\r

Total energy of satellite,
GMem+ 1GM m
R 2 R

_GMm

E=U+K=

But,

Eccentricity e= The ~Tmin _ 0 0167
rma>< + rmin

Therefore, r”‘—"‘xzE
r 1-e

min

_1-0.0167

1+0.0167
As angular momentum remains constant, hence
Moo XV =T XV

max min

Vv Mo _ 1+0.0167

oo — T =1.0339
v, r. 1-00167
Given R =R,
R 3
— +—=—
R=R+>=2R

But, v, =

&, 1
ettt
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48.
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sz\/gvlz\/gvo (v =VY)
3 3

T,= lyear, R=RR,=2R

o (3]-(3] -3
T, R, 2R) 8
=>T,= 2\/§Tl = 2J/2years

_GMm _ gR’m

2 2

F
ry Iy

Where GM = gR?

2
Similarly F,=SMM_ gR'm
rl2 r2

This gravitational force provides the necessary centripetal force, hence we have

2 2
gR'm _ mv;
r.12 r.1

R2
=V = g
n

grR’

Similarly v, =
r.2

M.
V2 r'l

Givenr, >r,

RV AYA
Concept
Concept
Concept
From Kepler'sthird law

%T;E%T

~T= (Z)W = 129dayS
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49. Gravitational force = centripetal force
GMm _ mv’ oryz = GM

r.5/2 r r3/2

or T?ecr?

Now T2 =(27z'r jz _ Az%r? AxhT?

v /] GM/r¥ GM
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