Chapter 7. Gravitation

The acceleration due to gravity at a height
| km above the earth 1s the same as at a depth
d below the surface of earth. Then

(a) d=1Kkm (by d= % km

(¢) d=2km (d) JIZ%km

(NEET 2017)

Two astronauts are floating in gravitational
[ree space after having lost contact with their
spaceship. The two will

(a) move towards cach other,

(b) move away [rom each other

(¢) will become stationary,

(d) keep floating at the same distance |

between them.
(NEET 2079)
Starting from the centre of the earth having
radius R, the varnation of g(acceleration due
to gravity) 1s shown by
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R —»r (NEET- 2016)

h

A satellite of mass m 1s orbiting the earth (of
radius R) at a height /t from.its surface. The
total energy of the satelhite i terms ol g, the
value of acceleration due t@ gravity at the
earth’s surface, 1s

mﬁuﬂz b m..i.’nRZ
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R+h R+ h

(NEET-I1 2016)

At whit height from the surface of earth the

gravitation potential and the value of g are

=84 = 107 J kg' and 6.0 m s ? respectively?

Take the radius of earth as 6400 km.

(a) 1400 km (b) 2000km

(¢) 2600 km (dy 1600km
(NEET-1 2016)

The ratio of escape velocity at earth (v ) to the
escape velocity at a planet (v,) whose radius
and mean density are twice as that ol carth 1s

(a) 1:4 (b) I:\/-Z.

) 1:2 d) 1:24/2
(NEET-I 2016)

A remote-sensing satellite ol earth revolves
in a circular orbit at a height of 0.25 = 10° m
above the surface of earth. If carth’s radius 1s
6.38 » 10°m and g = 9.8 ms 2, then the orbital
speed of the satellite 1s
(@) 9.13kms’!

(c) 7.76 km s

(b) 6.67kms"!
(d)y 856kms!

2015)

A satellite § 1s moving i an elhiptical orbit

around the earth. The mass of the satellite 1s

very small compared to the mass of the earth,

Then,

(a) the linear momentum of § remains
constant in magnitude.

(b) the acceleration ol N 18 always directed
towards the centre ol the carth
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9.

10.

11.

12.

(¢) the angular momentum of S about the
centre of the earth changes i direction,
but its magnitude remains constant.

(d) the total mechanical energy of § varies
perntodically with time.

(2015)

Kepler's third law states that square of penod
of revolution (7) of a planet around the sun, 18
proportional to third power of average distance
r between sun and planet i.e. 7%= Kr' here K 1s
constant, Il the masses ol sun and planetl are
A and m respectively then as per Newton's law
ol gravitation force ol attraction between them

GMm ~ e 4

5— . here (7 1s gravitational constant,
2

The relation between G and A 15 described

ds

s F=

|

K=—
b) K=2

(d) GMK = 4n?

(a) K=G

(¢) GK=4n?

(2015 Cancelled) 1

Two spherical bodies of mass M and 3Afzand
radit R and 2R are released in free spate with
mmitial separation between their centres @gual
to 12R. If they attract each othex dué to
gravitational force only, then the distance
covered by the smaller body HBefére gollision
1S

(a) T7.5R
(c) 2.5R

th) 15R
(d)y 4.5R
2015 Cancelled)

A black holeds an ghject whose gravitational
f1eld 1s samstromg that even light cannot escape
[rom 1t, To sslial approximate radius would
carthy (imass = 598 = 10°% kg) have to be
compréssed to be a black hole?
(a) 10¥m (by 10°m
(¢) 10=m (dy 100m

(2014)

Dependence ol intensity of gravitational held
(£) of earth with distance (r) from centre of
earth 1s correctly represented by

R
() ”\'ﬁa b OfF—f—=

13.

14.

15:

16.

17.

(@) 3megR
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(d) ~ R r—w

o It
(2014)

Infinite number of bodies, each of mass 2 kg
are situated on x-axis at distances 1 m, 2 m. 4 m,
& m, ..., respectively, Irom the origin. The
resulting gravitational potential due to this
system at the ongin will be

4 .
(a) —_—3’11 (hy —4G
8
() -G @ —G
(NEET 2013)

A body of mass “m’" 15 taken from the earth’s
surfaeeé (0 ‘the height equal to twice the
radius (R} of the earth. The change n potential
energy of body will be

L
ﬂJ} E H'I'HR

2
(d) E mgﬂ
(INEET 2013)

The radus of a planet 15 twice the radius of
earth. Both have almost equal average mass-
densities. 7, and 17, are escape velocities of
the planet and the earth, respectively, then
(@ Vo=1515% (b V=21

(&) Vz=3'1, @ V=15V,

(Karnataka NEET 2013)

A particle of mass “m’ 15 kept at rest at a height
3R from the surface of earth, where "R’ 15 radius
of earth and “Af 1s mass of earth. The nunimum
speed with which 1t should be projected, so
that 1t does not return back, 1s

(g 15 acceleration due to gravity on the surface
of earth)

(€) mg2k

s 1/2
‘oM Y §R
(ﬂ] E] [b} ( 4
1/2 12
o (™
| R R

(Karnataka NEET 2013)
The height at which the weight of a body

1 jth . :
becomes 161 s weight on the surface

of earth (radius K). 1s
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18.

19.

20.

21.

22.

(a) SR (by 15K

(c) 3R (d)y 4R (2012)
A spherical planet has a mass M and diameter
IJF. A particle ol mass m [alling [reely near the
surface ol this planet will experience an
acceleration due to gravity, equal to

) 4(,?1“:1 5 - GM gm
D; D;
GMF 4GM m
(c) Dﬁ (d) _D;‘;}_ (2012)

A geostationary satellite 1s orbiting the earth
at a height of 5R above the surface of the earth,
R being the radius of the earth. The time period
ol another satellite in hours at a height of 2R
[rom the surface of the ecarth 1s

(a) 5 (b) 10
©) 672 5 (2012

(d) E

['v, 15 escape velocity and v 1s orbital velocity
ol a satellite for orbit close to the earth’s suface.
then these are related by

(@) v, = ‘.Ezrt, (b} v,=v,

(¢) v, = ,.I'Zun (d) o, = \Eﬂ“
(Mains 2012)

Which one of the lollowing plets represents
the variation of gravitational field eara particle
with distance r due to a thm spherical shell of
radius K7 (r 1s measured (fom the centre of the
spherical shell)

A F

>

b e

(Mains 2012)
A planet moving along an elliptical orbit 1s
closest to the sun at a distance r, and farthest
away at a distance of r,. If v and v, are the
linear velocities at these points respectively,

- T,
then the ratio —- is

Uy

(a) (ry/ry)
(€) (ryfr))*

(b) ryfr,

(d) rfr, (2011)

23.

24.

26.

27.

A particle of mass m 18 thrown upwards from
the surface of the earth. with a velocity u. The
mass and the radius of the earth are,
respectively. M and R. G 1s gravitational
constant and g 1s acceleration due to gravity
on the surface of the earth. The minimum value
of # so that the particle does not return back

to earth. 15
||EGM
h P s antaa b
(D) R

[2GM
(a) R2
() (2¢R°

2eM
(c) RE
(Mains 2011)

A particle of mass M Is situaled at the centre
of a sphertedl shell of same mass and radius a.
The mugnitudé of the gravitational potential
at a poini situated at a/2 distance from the
ceritrer will be

oM 2GM
B = (b) =

IGM 4GM
(c) - (d) p

(Mains 2011, 2010)

. The radn of circular orbits of two satellites .4

and B of the earth, are 4R and R, respectively.
If the speed of satellite A 15 31", then the speed
of satellite B will be

(a) %TV (by 617
AV

2’ oLl

(c) 12I (d) 5

(2010)
A man of 50 kg mass 1s standing m a gravity
[ree space at a height of 10 m above the {loor.
He throws a stone of 0.5 kg mass downwards
with a speed 2 m/s. When the stone reaches
the floor, the distance of the man above the
loor will be
(a) 9.9m
(¢) 10m

(by 10.1m
(dy 20m

The additional kinetic energy to be provided to
a satelhte of mass m revolving around a planet
of mass M. to transfer 1t from a circular orbit of
radius R, to another of radius R,(R, > R)) 1s
(a) G!'HM[ i_, o } (b) GmM[ ds J
R R R R

-
1 2

(2010)
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(¢) ZGH?M[i
R,
(Mains 2010)

28. The dependence of acceleration due to gravity g

29.

30.

on the distance r from the centre of the earth,
assumed to be a sphere of radius R of uniform
density 18 as shown n figures below

The correct figure is
(a) (4)
(c) (2)

(b)y (1)
(d) (3)
(Mains 2000)

(1) Centre of gravity (C.G) of a body 1§ the
pomnt at which the weight of the body acts
(2) Centre of mass comcides with the eentre of
gravity if the earth 1s assumed 16 have infinitely
large radius.
(3) To evaluate the gravitational field intensity
due to any body at an extefhal point, the entire
mass of the body ean be considered to be
concentrated at s C.G
(4) The padins eI gyration of any body
rotating aboul an axis 15 the length of the
perpendicular dropped from the C.G. of the
body 1o the axis.
Which ovne ol the flollowing pairs of
statements 15 correct?
(a) (4) and (1)
(b) (1) and (2)
(¢) (2) and (3)
(d) (3) and (4)

(Mains 2010)

The figure shows elliptical orbit of a planet m
about the sun & The shaded area SC'D 1s twice
the shaded area SAB. Il 1, 15 the time for the
planet to move from " to [J and 7, 1s the time to
move from A to B then

3.

32,

33,

34.

.

[

z
A _-...,.m:ﬁiiﬂm

Q.

(b) 1, =21,
(d) 1,>1,

(a) 1, = 4,
(€) t, =1,
(2009)

Two satellites of earth, S and.S> are moving
i the same orbit. The mass LS, 1s [our times
the mass of &>, Whi¢h one of the following
statements 1s true?

(a) The potential ¢nergies of earth and
satellste in the two cases are equal,
S, awd 85 are moving with the same
spueed.

(¢) The kmmetic energies of the two satellites
are equal.

The time period of §) 18 four times thal
of S,

(b)

(d)
(2007)

The carth 15 assumed to be a sphere of radius R
A platform 1s arranged at a height R from the
surface of the earth. The escape velocity of
a body Irom this platform 1s v, where v 1s its
escape velocity from the surface of the Earth.
The value of [ 1s

(b) 2

(a) 1/2
(¢) 1/42 (d) 1/3.

Imagine a new planet having the same density
as that of earth but 1t 1s 3 times bigger than
the earth 1n size, If the acceleration due to
gravity on the surface of earth 15 g and that
on the surface of the new planet 15 ¢’ then

(b) g" = 27¢
(d) g"=3g

(2006)

(a) g" = ¢/9
(c) g =9g
(2005)

For a satellite moving 1n an orbit around the
earth, the ratio of kinetic energy to potential

energy 1s
(a) 1/2 (b) 1/42
(d) 2

(¢) 2 (2003)
The density of a newly discovered planet 1s

twice that of earth. The acceleration due o
gravity at the surface of the planet 1s equal
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36.

37.

38.

39.

40.

to that at the surface of the earth. If the radius
of the earth 1s R. the radius of the planet would

be

(a) 2R (b) 4K
| I
(c) ER (d) ER (2004)

Two spheres ol masses m and M are situated
m air and the gravitational force between them
1s & The space around the masses 1s now filled
with a liqmd of specific gravity 3. The
gravitational force will now be
(a) 3 F (by F
(c) I/3 (dy /9

(2003)

The acceleration due to gravity on the planet A
1s 9 times the acceleration due to gravity on
planet B, A man jumps to a height of 2 m on the
surface of 1. What 1s the height of jump by the
same person on the planet 57
(a) (2/9) m (b) 18m
(¢)6Gm (d) (2/3)m

2003)

A body of mass m is placed on earth’s surfiace

which 1s taken from earth surface to a height
of h=3R. then change in gravitational potential
energy 1s

. mgR 2 R
(@) = (b) gmeR
3 S ) [TER

(c) 7 gR () 7

(2003)
With what velagit§ Should a particle be
projected sothat is height becomes equal to
radius of canth?

(a) (-‘—%‘LTI

142
© (5%

b) (mu )'“3

R
o (9

(2001)

I‘or a planet having mass equal to mass of the
earth but radius 1s one fourth of radius of the
earth. Then escape velocity for this planet will
be

(a) 11.2 km/sec
(¢) 3.6 km/sec

(b) 22.4 km/sec
(d) 44 R km/sec,
(2000)

41.

42.

43.

46.

47.

Gravitational force 1s required for
(a) sturing of hiqud

(b} convection

(¢) conduction

(d) rachation. (2000)

A body of weight 72 N moves from the surface
of earth at a height hall of the radius of earth,

then gravitational force exerted on 1t will be
(a) 36 N (by 32 N
(¢c) 144 N (d) 50 N. (2000)

The escape velocity of a sphere of mass m 1s
given by (G = Umversal grasafaftonal constant;

M, = Mass of the casth and.X, = Radius of the

earth)

Zf}%.m-
{ﬂ} & - “'(1-]}

!QM! 2GM, + R,
(¢ \{ R (d) R,

(1999)

The escape velocity of a body on the surface
of the earth 1s 11.2 km/s. If the earth’s mass
mereases to twice 1ts present value and radius
ol the earth becomes half. the escape veloety
becomes

(a) 22.4 km/s
(¢) 5.6 km/s

(b) 44.8 km/s

(dy 11.2km/s. (1997)

. The period of revolution of planet . around the

sun 18 8 times that of B. The distance of .4 from
the sun 1s how many times greater than that
of B from the sun?
(a) 4
(c) 2

(b) 5
(d) 3 (1997)

What wall be the lormula ol mass ol the earth in
terms of g. R and (G 7

R R
2y O— it
a b)
(a) g (b) g G
2 R :
(¢) E"E (d) G%- (1996)

A ball 18 dropped from a spacecraft revolving

around the earth at a height of 120 km. What

will happen to the ball?

(a) 1t wall fall down to the earth gradually

(b) 1t will go very far in the space

(¢) 1t will continue to move with the same speed
along the ornginal orbit ol spacecraft
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48.

49.

(d) 1t will move with the same speed,
tangentially to the spacecraft.
(1996)

The acceleration due to gravity g and mean

density of the earth p are related by which of

the following relations? (where 18 the

gravitational constant and R 1s the radius of

the earth.)

, __3g | _ g
@) P =i GR ®) P =4GR
B 4n gRE _dn gR"
(c) p = 3G (dy p = 3G
(1995)

Two particles of equal mass go around a circle
of radius R under the action of their mutual
gravitational attraction. The speed v ol each
particle 18

l ﬂ . 4Gm
@ 74 ®)
N R (7
©) SR\ Gm @ R

(1995}

The earth (mass = 6 * 10** kg) revolves around
the sun with an angular velocity of 2 # 1077 rad/s
in a circular orbit of tadius L& 108km. The force
exerted by the sun on the earth, b newlon, 1s
(a) 36 x 107 ) W x 107
(¢) zero (d) 18 10~

(1995)

. The radius.of eafflk 1§ about 6400 km and that

of mars 15 3200 km. The mass of the earth 1s
abont 10 fimes mass of mars. An object weighs
200 N on the surface of earth. Its weight on
the surface of mars will be
(a) 20NN (b) 8N
(¢) BON (d)y 40N.

(1994)

. The distance of two planets from the sun are

10" m and 10'* m respectively. The ratio of
lime periods ol the planets 1s

(@) 10 (b 10410
() 10 @ 1/\10,

(1994, 1988)

th
h
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I the gravitational lorce between two objects
were proportional to /R (and not as 1/R%),
where R 1s the distance between them, then a
particle i a circular path (under such a force)
would have its orbital speed v, proportional to
(a) R
(b) R" (independent of R)
(¢) 1/R- (d) 1R

(1994, 1989)

A satelhte m force free space sweeps stationary
nterplanetary dust at a rate ol @i/t = o, where
M i3 mass and v 1s the speed ol sat@llile and o 15
a constant. The acceleration of satellite 15

_HLIE i r
(a) M (M — o
(c) = 2o0F (d) _;;” (1994)
M

. The escape velocity from earth 1s 11.2 km/s.

If a body is to be projected in a direction
making an angle 45" to the vertical, then the
eseape velocity 1s
[4) 11.2 x 2 km/s

(¢) 11.2/+/2 km/s

(b) 11.2 km/s

(d) 11.242 kmv/s
(1993)

. A satelhte A of mass m 1s at a distance of r

from the surface of the earth. Another satellite
B of mass 2m 1s al a distance of 2r [rom the
earth’s centre. Their time periods are in the
ratio ol
(ay 1:2
(e} 1:32

(b) 1:16

(d) 1:2\5
(1993)

. The mean radius ol carth 1s K, 1ts angular

speed on 1ts own axis 1s @ and the acceleration
due to gravity at earth’s surface 15 g What
will be the radius of the orbit of a geostationary
satellite 7

(a) (R*g/m*)'"3
(¢) (R*wg)'A

(b) (Rgln)!?
(1992)

. The satellite of mass m 1s orbiting around

the earth 1n a circular orbit with a velocity v,
What will be 1its total energy 7
(a) (3/4)m- (by (1/2)mv-
(¢) mv* (dy —(1/2ymv?
(1991)
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59.

60).

A planet 18 moving in an elliptical orbit around
the sun. Il 7, I", K and L stand respectively
for 1ts kinetic energy, gravitational potential
energy. total energy and magnitude of angular
momentum about the centre of force, which
of the following is correct !
(a) 7" 1s conserved (b) I"1s alwavs positive
(¢) I 1s always negalive
(d) L 1s conserved but direction ol vector L
changes continously.
(1990)

For a satellite escape velocity 1s 11 km/s. If
the satellite 1s launched at an angle of 60"
with the vertical, then escape veloeity will be

61.

(a) 11 km/s (b) lI\E km/s
11
(¢) ﬁkmfﬂ (d) 33 km/s

(1989)

The largest and the shortest distance ol the
earth from the sun are ry and r-. Its distance
[rom the sun when 1t 1s at perpendicular to
the major-axis of the orbit drawn from the
sun 1s

11.
21.
Jl.
41.
51.
01.

{ Answer Key )

(¢) 2. (a) 3. (b 4 (b)) § (¢
(¢) 12, (a) 13. (b 14. (d) 15. (b)
(by 22. (b) 23. (b) 24. (¢) 25. (b)
(by 32. (¢) 33. (d) 34. (a) 35. (d)
(by 42. (b) 43. (by 44. (a) 45. (a)
(¢) 52. (b) 53. (b) 54. (d) 55. ()

6.

16.
20.
36.
46.
56.

it il ]
(a) 4 (b) F—n
2}‘,‘*} e i
(¢) —=2 m 092 (1988)
h+h 3
(dy 7. (¢) 8 (b) 9. (d) 10. (a)
(a) 17. (¢) 18, (a) 19. (¢) 20. (d)
(by 27. (d) 28. (a) 29. (a) 30. (b)
(by 37. (b) 38. (¢) 39. (a) 40. (b)
(b 47. (¢) 48. (a) 49. (d) 50. (a)
(d) 57. (a) 58. (d) 59. (¢c) 60. (a)
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TR DL R EXPLANATIONS ‘|II||IHIIIIIIIIIIII|IIIIIIII]II[IIIIII|I

1. (¢): The acceleration due to gravity at a height
fi 18 given as
=7 20
é-h =& Rt-

where R 1s radius of earth,
The acceleration due to gravity at a depth d 1s
given as [ d

8a=8|1-%

E
Given, g, =g,

2h - d
-7 el -% )

[ i
d=2h=2x1=2km( h=1km)
2. (a): Smce two astronauts are floating 1n
gravitational free space. The only force acting on
the two astronauts 1s the gravitational pull of ther

Gy iy

rZ

which 1s attractive 1n nature.
Hence they move towards each other

masses. F=

3. (b) : Acceleration due to gravity 1s given by

1 |
—TI[.".'GT s PSR T
3 8
= 3.
4 mpR™G . SR
3 ,_,,z @ ﬁ > 7

4. (b) : Total energy of satéllité at height /## from
the earth surface.
E=PE+KE

B {IM?ﬂ ';]"?'."W? ,
{R+ h] L)
2 .
Also. my . GMm
(R+#) (R +h)?
P GM .
o, R+ h (1)
From eqns. (1) and (11),
- CMm l GMm B l GMm
(R+h) 2(R+h) 2(R+h)
X (rM mR”
2 R {H+h)
mg[,R y (M
= 4 gﬂ — 5
2(R+h) _ R

5. (¢): Gravitation ]‘!ﬂlﬂl]liﬂ| al a height & from

the surface of earth, 1" = -54 x 107 J kg!
Al the same point ﬂbLL]Elﬂll[‘!I’l due to gravity,

g =6ms™
R=06400km=64 % 10m
We know, VI = GM i
i (R+ h)
GM V V
Gh=——g =7 = RHi=--4
(R+ h) R+h &h
Vi ~Hdrx 107
o h=-chop  CXIO) 08
8y 6
=8 » [0 =6 x 10°= 2600 km
2GM

.

6. (d): As escape velocity, v = -

2G 4nR3 81G
p=R,|/—p

\F "‘“\/; W2

{ = 2R and P, =2p)
The orbital ::.pq:f.:d of Ih{: satellite 1s

g
(R+h)

where R 1s the earth’s radius, g 15 the acceleration
due to gravity on earth’s surface and / 1s the height
above the surface of earth.
Here, R=06.38 x 10°m, g =98 ms ~and
=025 10°m

7. (c):

i

v v, =(6.38%10%m) {3'8 s ) —

(6.38x10"m+0.25x10"m)
=776x10°ms!'=776 kms?

8. (b): The gravitational force on the satellite

S acts towards the centre of the earth, so the
acceleration ol the satellite § 1s always directed
towards the centre of the earth,

9. (d) : Gravitational force of attraction between
sun and planet provides centripetal force for the
orbit of planet
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5
GMm mv 2 OGM
= T " —
2 §

r r r

1)

Time period of the planet 1s given by

o2 L, AT At
F=Ti = 3 :(G_Mf’] (Using (1))
r
3 47!2.*"3 -
T" = M . ()
According to question,
¢ = K3 ()
Comparing equations (1) and (111), we get
2
K=aX . GMK=dn?
GM
10. (a)
11. (¢) : Light cannot escape from a black hole,
v, =¢
[2GM 2GM
R =C Oor R= >
e 2%6.67x107"T N m?kg ™ x5.98 x10** kg
3x10* ms™)?
=886* 107"m=10"m
12. (a) : For a point inside the earth iewr <R
E= —%r
R-
where M and R be mass anfd raflins of the earth
respectively.
At the centre, r=10
s E=0
For a pomnt outside™the caith i.e. r > R,
!
g SN
r
On the suglidee of the earth 1.e. r = R.
. GM
E=- 'S U

The variation of £ with distance r 0 R =
from the centre 18 as shown in the \l/—
figure.

13. (b) : The resulting gravitational potential at the
origin () due to each of mass 2 kg located at
positions as shown 1n figure 1s

() 2kg 2kg 2kg 2kg
- - - 2 B-cccesanannas
e=) 1 2 4 8

_(?}:2_(}“}{2_[3}{2_(}:{2_
1 2 4 g

V=

& 1
111 iy
___._2{_' 1+--+-+"‘-+....-- =-2(3
2 4 8 } *11-2
=—2{_1'1_ = -4 - -
1]

14. (d) : Gravitational potential energy at any pomnt
al a distance r from the centre ol the earth 1s
GMm
r
where M and m be masses of the earth and the
body respectively. ..
At the surface of the earth, r =
At a height & from the surface.
r=R+h=K+2R ( h=2R (Given))

U=-

= 3R
i _IiMm
=
Change in potential energy,
ﬁU = :" _,.-'}— !t;"‘.
 GMm _[_GMm 2 UM’”[l _l]
" 3R R R\ 3
2CGMm 2 { GM ]
= =—meR EE
3 R 38 S8R

15. (b) : Here, R, = 2R, Py = Pp

Escape velocity of the earth,

2GM 2G| 4 ﬂﬂ -
V. = s =\/~—(~—nﬂ3.p ]:R. —nGp, ()
E \/ RE RE 5 E E. E 3 E

Escape velocity of the planet

2GM 2G( 4 | 8 v

Divide (i) by (ii), we get

VE:RE Pr _ R, [p; 3
Vi RF\‘pP 2R ; \I’pr 2

or I‘,, = EI}E

16. (a) : The minimum speed with which the
particle should be projected from the surface of the
carth so that 1t does not return back 1s known as
escape speed and 1t 1s given by

s 2GM
& “(R+h)

Here, h=3R
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- (ﬂ: ]@= IG_M
“ N(R+3R) 4R 2R
_[sR [ m{;M]
\ 2 TR

17. (¢) : Acceleration due to gravity at a height A

[rom the surface of earth 1s

.—_ﬁ
1

l+—]

143

where g 1s the acceleration due to gravity at the
surface of earth and R 1s the radius of earth.

Multiplying by m (mass ol the body) on both sides
n (1), we get

)

)
mg’ = ———

Weight of body at height /i, W = mg’

Weight ol body at surface of earth, 1" = mg
1

According to question. W’ = 16 W
e 3
16
[1 - i ]
R

-

[1+’-’:] 16 or 1+ =d
R R

or %=3 or h=3R

18. (a) : Gravitational foreerdcting on particle of

mass m 1s

B o

(JD /2y

Acceleration due to gravity experience by the

particle 1s
F GM, _4GM},

" (Dp !‘rZ)E o D;::
19. (¢) : According to Kepler’s third law 7" e< ¥

g=

T [r_.]"” [R zﬂf"‘ 1

T, 2 R 4 5BR 23/2
Simce T, = 24 hours
So, Lo 1 24 \5 hours

172 2T zx/- )
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. , 2GM '
liscape velocity, v, = im A1)

20. (d) :

where M and R be the mass and radius of the earth
respectively.
The orbital veloaity of a satelhite close to the earth’s
surface 1s

vy = (i
From (1) and (11), we get

v, =20,
21. (b) : Gravitational field dueto the thin spherical
shell
Inside the shell, ie. (FaprF<R)

F=0
On the surface of'the shell,i.e. (For r=R)
r=Sp F
RE
Outside thesshell. e (For r > R)
I. o GM i} = r
r

The wariation of F with distance » from the centre is

as shown mn the adjacent figure,

22. (b) : According to the law of conservation of
angular momentum
Li=1L,
MY,y = MVars = Vi) = Val, O ——=-=
Uy N
23. (b) : According to law of conservation of

mechanical energy

_.”1”2 — GM”I :ﬂ 0T HE :M

2

’ZGM [ GM
= _R = Egﬂ [ R’ — Rl J

24, (¢) : Here,

Mass of a particle = M

Mass of a spherical shell = Af

Radius of a spherical shell = a

Let ) be centre of a spherical shell

Gravitational potential at point /7 due to particle at
0 1s

oM

af2

Gravitational potential at pomnt P due to sphernical
shell 1s
IIr"":p =

VI=""

_GM
i
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Henee, total gravitational potential at pomt F is

V=1, +V,
- GM +[—GM] __2GM _GM __3GM
a/2 a a a a
V] = 2CM

i

25. (b) : Orbital speed of the satellite around the
earth 1s

‘GM
v=,—
’

For satellite A
r,=4Rv, =3V

o, = oM )
)

For satellite B
ry = R, Ve = 7

M G
i

IIH P

Dividing equation (11) by equation (1), we gel

3 r
8 _ ’iﬂ_ or o, =0, ’i

Substituting the given values, we get

R
v, =3V ,,4? or v, = 617

26. (b) : Since the man is v gravity [ree space,
force on man + stone system is zero.

Therefore centre of mass ol thé system remains at
rest. Let the man goes xim above when the stone
reaches the floor. then

w v = A ; i) M:
dl'.".'...mm % &fﬂmﬁl x 49 'x.ﬂl
05 rm
X = H’:Iﬂ *
50
x=0.I'm e
Therefore [inal height of man above ¥ Stone

floor=10+x=10+0.1=101m

27 (d)
28. (a) : The acceleration due to gravity at a depth

d below surface of earth 1s
GM d d
! = y il (S [ 4
§TR [ R ] g[_ R]
g=0 atd=R.
i.e., acceleration due to gravily 1s zero at the centre

ol earth.
Thus. the vanation i value g with r1s

For. r = R,

2 r L &
(%) |
R

Here, R +h =r

For r<R, g':ig[l-—‘—f~]=£

R) R
Here, R ~d ~r = ger
Therefore, the variation of g withedistance from
centre of the earth will be as shown in the figure.

A

I

4

r=R I—p

29. (a)
30. (b): Equal @itcas are swepl in equal time.
t,. the ime fiken to go from C to D = 21,
where f5 15 the time taken to go from A to B.
As s given that area SCD = 284B.
31. (b) : The satellite of mass m 15 moving n a
eircular orbit of radius r.
GMm

Kinetic energy of the satellite, K = o (1)
,.
: ; . ~GMm
Potential energy of the satellite, U = . (11)
r
; _ . GM
Orbital speed of satellite, V= —T- . (1)
1/2
Ti i banailiie; #={| 2|
ime-period of satellite, T=|| ——|r
P GM - ()

Given myg, = 4mg,

Since M, r1s same for both the satellites 5, and 5,
From equation (1), we get U/ s m
Us, mg

1= =4 or, Us =4U;_
Ug, mg, ’ =

=2

Option (a) 1s wrong,

From (1), smce v 1s independent of the mass of
a satellite, the orbital speed 1s same for both satellites
S) and S-.

Hence option (b) 1s correct.

From (1), we get K o m
My,

Ky, : -
- =4 or. K¢ = 4K,
Kg, mg, 1 :

=
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Hence option (¢) 18 wrong.

FFrom (1v), smmce 7 1s independent ol the mass of

a satellite, time period 1s same for both the satellites
S, and S5, Hence option (d) 1s wrong.

32. (¢) : Escape velocity of the body from the
2gR

For escape velocity ol the body from the platlorm
potential energy + kinetic energy = 0

GMm 1| 4
- +—mv- =0
2R 2

: ||GM :
= .fv:-.v:'u,rw = _RF R=.[gR = fv

From the surface of the earth, Vg pe = /28R

- PE::H.“J.I.]'M.".' i f - 1

GM (}[4 3

surface of earth 15 v=

.ﬁ'::.ﬂ_' ape

33. (): £=— =

N
g = IR = g’=3g+
¢ R
34. (a): — GM;’" +mw R =0

Gl _
R = L i = Pl e ST

2 2 s 2K
PE =— GMm
R
E. RE. |
o il =

T2 MWE 2
e GM, _ G(4/3)nR,’
R R’

8¢ = R.p,

Acceleration due to gravity of planet g, e

£

P p
Rp.=Rp,= Rp,=R2p, =R, = %.-‘E

(v R,=R)
36. (b) : The gravitational force does not depend
upon the medium m which objects are placed.
37. (b) : The velocity of the mass while reaching
the surface of both the planets will be same.

e, f2g'h =2gh

V2XgXh'=,2%x9gx2

2hi=36 = h'=18m.
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38. (c) : Gravitational potential energy on earth’s

.  GMm
surlace = — R

, Where M and R are the mass
and radius of the earth respectively, m 1s the mass
of the body and G 1s the universal gravitational
constant.
Gravitational potential energy at a height /i = 3R
_GMm _ _GMm _ _GMm

R+h R+3R 4R

Change in potential energy

_GMm (_GMm)

Il

4R R
_ _GMm _GMm _ 3GMm _3
= T = & | -—4ng

4R R

39. (a): Use 4* - 287 gwven hh = R

-
v =/ 2R ..=r',4i.£'ﬂf .

R

- 2GM
{40 s g, = 2gr =y 2

IT &3S 1/4th then v, = 2 v,_..un
=2 x 11.2 =224 km/sec.

A1, (b)

Mm

2

42' {I'J : F.::m'f:n:u = G

T . XV
““ (R, +R/2?* 9

F.:;urlhfe Z%}{?Z =32 N,

43. (b)

44. (a) : Escape velocity of a body (v,) = 11.2 kmi/s:
New mass of the earth M, = 2 M, and new radius
of the earth R', = 05 R,

2GM | M,
Escape velocity (v,) = R e R

ve_ [M, O5R, _ |1 _
AR 2Mm, N4

V o

'

Therefore

1

2

or, v, =2y, =224 km/sec.

45. (a) : Period of revolution of planet A (7)) = 87

According to Kepler's II1 law of planetary motion
1% e R?

3 2 2

. Fa T, 87}, ]

Therefore | — | Tl = | T | = | = 64
{‘"ﬂ} [?ﬂ] [ Ty

P
or A=4 orr,=4rg
s
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46. (b)

47. (¢) : Since no external torque 1s applied therefore,
according to law ol conservation of angular
momentum, the ball will continue to move with the

same angular velocity along the ongmal orbit of

the spacecrafl,

48. (a) : Acceleration due to gravity (g) =

(43 Rxp 4  3g
G = —GK}TLRK;J orp= T n

49. (d) : The two masses, separated by a distance
2R are gomg round therr common centre of mass,
the centre of the circle.

Attractive force = —Gfﬁl But the two masses are

going round the centre of mass or the reduced mass

_mm
M=
m+m
= distance of separation

1s going round a cirele of radius

_m2op_mpo 1
Centrifugal force 5 ®° 2R= 5V 3R
v

L _Gm’ _ |Gm
“IR ar: - AR

50. (a) : Mass (m) =6 x 10°" kg,
Angular velocity (0) =2 » 1077 rad/s and
radius (M =15>10km=15% 10" m
Force exerted on the earth = mRw”
= (6% 107 % (1.5 % 10" x 2 x 40
=36 = 10* N.

n
Now.,

51. (e) : Radius of earth (#,) =6400/Kkm. Radius of

mars (R )= 3200 km; Masssof éarth (M) = 10 Mm
and weight of the uhjwt nn earth {H-"E_} =200 N.

Wm ”‘Egm '2
W, " mg, E,. = Jo A=<
or W _

= JF }i; =200 x04=80N.

52. (b) : Distance of two planets from sun, r, = 10"
mand », = 10" m.

Relation between time period (7" and distance of

. . GMm  GMm
gravitational force (F) = =

j oy GMm ‘
R=— R). Since R = R . therefore v=+GM

Thus velocity v 1s mdependent of R.

L i dM
54. (d) : Rate of change of mass ‘E = oy,

= Rate of change of momentum
dM

cdt

= — v x ov =— ov’ (Minu§ sign of v due to
deceleration)

Therelore, aceeleration =

(where

Retarding force

= Veloecity x Rate of change in mass = — v x——

-
.

55. (b) : Escape velocity d@es not depend on the
angle of projecton.

56. (d) : Tiaeperiod does not depend on the mass.
As 1% e 4,
r A |
.1
i'-fi;ﬁ ‘j_
2
GMm GM  gR
| 8T (0% -—zzmm r= o= 5 =& 5
. " ()] ("~
e = (gR )y
\ l
_.:r‘iH (d) : Total energy = —-K I -—Emv

59. (¢) : In a circular or elliptical orbital motion
torque 18 always acting parallel to displacement or
velocity. So. angular momentum 15 conserved. In
aftractive field, potential energy 15 negative, Kinetic
energy changes as veloaity increase when distance
1s less. But 1l the motion 18 1n a plane, the direction
of L does not change.

60. (a): Since escape 1-'clncilj£('l-"_ - ,{Zgﬂﬂ)iﬁ

independent ol angle ol projection, so 1t will not

the planet from the sun is 7° o #*  or T o 12
T (#Y? (1Y
Therefore — = —L Sl=z| =10%= 10410
T, |n 10
my’
53. (b): Centripetal force (F) = and the
°
o

change.
61. (c) : Applving the properties of ellipse. we have
| A o)
R r "
Instant position
Sun of satellite
R
P 1| —— 'y
o
R= = II ;1
ht
®
®
5
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