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Gravitation

TOPIC 1

Kepler's Law and Universal

Law of Gravitation

01 The time period of a geo-stationary
satellite is 24 h, at a height 6R, (R,
is the radius of earth) from surface
of earth. The time period of
another satellite whose height is
2.5R_ from surface will be

[NEET (Odisha) 2019]

24 12
82h (b)1242h (c)=1h  (d)-=h
(a) 6v2h (b)1242 (C)2.5 ()25

Ans. (a)

From Kepler's third law, the time period
of revolution of satellite around earth is

T20r® or TOP”? ()|
where, ris the radius of satellite’s orbit.
Here,r, =6R, + R..T, =24h
r,=2bR. +R..T, =7

where R_ =radius of earth
So, from Eq. (i), we get
gtrglz
24 BR, + R, g
T, %5R+R % %ﬁ
24 24 _ 12
o T,= =~ _ = =642h
L A2 2 v

02 The kinetic energies of a planet in
an elliptical orbit about the Sun, at
positions A,Band Care K, K, and
K. respectively. ACis the major
axis and SBis perpendicular to AC
at the position of the Sun S as
shown in the figure. Then

[NEET 2018]

(b) K, >K, >K,

(d) K, >K, >K,

(a) Ky <K, <K,
(c) K, <K, <K,

Ans. (b)
According to the question,

The figure above shows an ellipse traced
by a planet around the Sun, S. The
closed point Ais known as perihelion
(perigee)and the farthest pointC is
known as aphelion(apogee).
Since, as per the result the Kepler's
second law of area, that the planet will
move slowly (v )only when it is farthest
from the Sun and more rapidly(v
when itis nearest to the Sun.

v

ThUS, VA :Vmax’VC = min
Therefore, we can write
V>V >, .Ai)

max )

Kinetic energy of the planet at any point
is given as, K =§mvZ

Thus, atAK, =%mv2

A

AB, K,=lmv
2
AC, K, =imy?
2
From Eq. (i), we can write
K,>K,>K,

E Kepler's third law states that

square of period of revolution (T) of
a planet around the sun, is
proportional to third power of
average distance r between the sun
and planeti.e.T? =Kr®, hereK is
constant.

If the masses of the sun and planet
are M and m respectively, then as

per Newton's law of gravitation

force of attraction between them is
[CBSE AIPMT 2015]

I__zGNim
r

constant. The relation betweenG and K
is described as

(a) GK = 4717 (b) GMK = 41°
_ _!

(c)K =G (d)K 5

Ans. (b)

The gravitational force of attraction
between the planet and sun provide the
centripetal force

) GMm _ mv?
ie. =

r’ r
O V= %

r

The time period of planet will be

Fo2mw
v
, _4TCr? _41ert )
o7?= o o ()

r

Also from Kepler's third law

T? =Kr? (i)
From Egs. (i)and (ii), we get
41 r?

=Kr® O GMK =470
oM

04 Two spherical bodies of masses M
and bM and radii R and 2R are
released in free space with initial
separation between their centres
equal to12R. If they attract each
other due to gravitational force
only, then the distance covered by

the smaller body before collision is
[CBSE AIPMT 2015]

(b) 4.5 R
(d)1.5R

(@25R
(c)7.5R



Ans. (¢)

Suppose, the smaller body cover a

distance x before collision, then
5M

M
2R R
s "N
: 12R |
Mx =5M9R = x)
or X =4bR —bx

or x=%=7.5l?

05 A geostationary satellite is orbiting

the earth at a height of 5R above
that surface of the earth, R being
the radius of the earth. The time
period of another satellite in hour
at a height of 2R from the surface
of the earthis [CBSE AIPMT 2012]

(a)b (b)10
c)6+2 (d)6/2
Ans. (c)
From Kepler's third law

T2 0Or

OWwhere,T =time period of satellite O
5 =radius of elliptical orbit (semi 1)
E major axis)H

Hence, T/ Or’and T) Or)

So, I =1 2GR or [
TW2 P (BR) T2 8

1

1
TP=_T7 0T, —7—8fh
‘g 22

E A planet moving along an elliptical

orbit is closest to the sun at a
distancer, and farthest away at a
distance of r,. If v, and v, are the
linear velocities at these points

%
respectively, then the ratio L is

v
2
[CBSE AIPMT 2011]

(a)r, /I, (b)(r, /1)
(chr/r, (d)(r/r,)?
Ans. (a)
Concept Apply conservation of angular
momentum.

From the law of conservation of angular
momentum, L, =L,

So, mry, =mr,v,

[where, m=mass the of planet[]

0 — i ! O

0 r=radius of orbit 0

H v=velocity of the planetfq
v, T
v,=ry, 0 —Lt==%
Vo

07 Two satellites of the earth, S, and

S, 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?
[CBSE AIPMT 2007]

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

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

(c) S,andS, are moving with the same
speed

(d) The kinetic energies of the two
satellites are equal

Ans. (c)

When two satellites of the earth are
moving in same orbit, then time period
of both are equal.

From Kepler's third law 7% Or°

Time period is independent of mass,
hence their time periods will be equal.
The potential energy and kinetic energy
are mass dependent, hence the
potential energy and kinetic energy of
satellites are not equal.

But, if they are orbiting in a same orbit,
then they have equal orbital speed.

08 The figure shows elliptical orbit of a

planet m about the sun S. The
shaded area SCD is twice the
shaded area SAB. If t  is the time
for the planet to move from C to D
andt, is the time to move from A
to B, then [CBSE AIPMT 2009]

(a)t, >t, (b)t, =4t,
(c)t,=2t, (d)t, =t,
Ans. (c)

Concept Apply Kepler's second law.
The line joining the sun to the planet

sweeps out equal areas in equal time
intervali.e. areal velocity is constant.

% =constant or ﬁ =
dt .

Zz
t

where, A, = area under SCD
A, =areaunder ABS

0 t, =it2
2

Given, A, =24,

0 t,=2t,

09 Two spheres of masses mand 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
[CBSE AIPMT 2003]

@C oL wF  rF
3 9
Ans. (d)

According to Newton’s law of gravitation,
the force between two spheres is given
by,
GMm

rZ
From the relation, we can say the
gravitational force does not depend on
the medium between two spheres
hence, it remains same, i.e. F.

F=

ﬁ The period of revolution of the

planet Around the sun is 8 times
that of B. The distance of A from
the sun is how many times greater

than that of B from the sun?
[CBSE AIPMT 1997]

(a)5 (b)4 (c)3 (d)2
Ans. (b)
According to Kepler's third law
T20r
where, T =Time period of revolution
r=Semi major axis

O E:Lj
T
U ﬁ/s 3
O ogap =(g=2 v =4
B gBD
or r, =4,

11 A satellite A of mass m is at a

distance r from the surface of the
earth. Another satellite Bof mass2m
is at a distance of 2r from the earth's
surface. Their time periods are in

the ratio of [CBSE AIPMT 1993]
(a)1:2 (b)1:16
(c)1:32 (d)1:2+2



Ans. (d)

According to Kepler's third law, the

square of the time period of revolution

of a planet around the sunis directly

proportional to the cube of semi

major-axis of its elliptical orbit i.e.
T70r°

where, T =time taken by the planet to go

once around the sun.

r = semi-major axis of the elliptical orbit
T2 ()° 1 T, 1

T2 @) 8 T, 242

12 If the gravitational force between

. . 1
two objects were proportional to R

(and not as Riz), whereR is

separation between them, then a
particle in circular orbit under such
a force would have its orbital speed

v proportional to [CBSE AIPMT 1989]
1

(a)? (b) R°
1
Ans. (b)

According to question, gravitational
force between two objects
F :h
R
In equilibrium, the gravitational force
provides the required centripetal force
to the particle

2
0 mv _E
R R
Hence, vOR®

13 The distances of two planets from

the sun are10” and10” m
respectively. The ratio of time

periods of these two planets is
[CBSE AIPMT 1988]

(c)10410 (d)+/10
Ans. (¢)

According to Kepler's third law (or law of
periods)the square of the time taken to
complete the orbit (time periodT)is
proportional to the cube of the
semi-major axis (r) of the elliptical orbit

i.e. T2 0rt

Here,r,=10"m, r, =10” m

14

O K:i:“om)3
TZ rp (10%)°
or E=1039=1O3
T, 0%
T]
or - =104/10
TZ
The largest and the shortest

distance of the earth from the sun
arer, andr,. Its distance from the

sun when it is perpendicular to the
major axis of the orbit drawn from

15

the sun [CBSE AIPMT 1988]
r+r L+,
(a) 1 2 (b) 1 2
4 L=
2rr. n+r
C) 12 (d) 1 2
h+r
Ans. (c)
From the property of ellipse,
2_1,1
R n
Instant position
«— of satellite
R
WSun l
K—T1 0 I d
or 2200 R:Lr@
Roonn n+n

Acceleration Due to Gravity
and Gravitational PE

What is the depth at which the
value of acceleration due to gravity
becomes1/ntimes the value that
the surface of earth? (Radius of

earth =R) [NEET (Oct.) 2020]
(a)R/n? (b)R(N=1)/n
(c)Rn/(n-1) (d)R/n

Ans. (b)

Radius of earth=R
Let at depthd, gravitational acceleration

becomesg.
n

o 0m20 -2

S |

o 1-

1
n
o 1-9 o g
n R n

F A body weighs 72 N on the surface

of the earth. What is the

gravitational force on it, at a height

equal to half of radius of the earth?
[NEET (Sep.) 2020]

(a)32N (c)24N (d)48N

Ans. (a)
Given,w =mg=72N(on the surface of
earth).

At height equal to half of radius of the

earth, %.e.h—gg

(b)30N

Acceleration due to gravity,

., oRrR O
g'=gb——-»U
R +h0

0 of 20
JH_R D:g[k'RzD
R+R/20 [BR’D

4
O '=_
g gg

I~

O mg'=—mg=—x72=32N

9
w'=32N
Hence, correct option is(a).

|

F Assuming that the gravitational

potential energy of an object at
infinity is zero, the change in
potential energy (final - initial) of an
object of mass m, when taken to a
height h from the surface of earth

(of radius R) is given by,
[NEET (Odisha) 2019]

(a) - GMm (b) GMmh
R+h R(R+h)
GMm
h d
(c)mg ( )R+h
Ans. (b)

The gravitational potential energy of an
object placed at earth’s surface is
v, = -GMm ()
R

where, G =gravitational constant,

M=Mass of earth, m=mass of object
and R =radius of the earth

The negative sign in the above relation
indicates that it is the work done in
bringing the object from infinity to a
distance R.



The gravitational potential energy of
object at a heighthabove the surface of
earthis
__ GMm
(R+h)

2

(i)

So, the change in potential energy is

GMm _[] GMm[]

R+h O R
[From Eq. (i) and (ii)]

o1 10

ER+h) EH

=—GMmE}— h E

O R(R+hDO
_ GMmh
“RIR+h)

AU=U, -U,=~

=-GMm

ﬁ A body weighs 200 N on the

surface of the earth. How much will
it weigh half way down to the
centre of the earth ?

[NEET (National) 2019]
(a)200N (b)250N (c)100N (d)150 N
Ans. (¢)
Given, weight of the body,w =200 N
As we know,
w =mg, where mis the mass of the body
andg
(=10m/s?)is acceleration due to gravity
of the body at the surface of the earth.
Since, mass mremains constant
irrespective of the position of the body
on the earth. However, g is not constant
and its value at a depthd below the
earth's surface is given as

I

where, Ris the radius of the earth.
Multiplying mon the both sides of Eq. (i),
we get

mg' = ng1 ~aq

H ™ r0
Thus, the weight of the body at half way
down %.e.d =E§to the centre of the
2

earthis

mg’ =200 x é‘l —%2%

- _HS 1_
_200@ JE=200x =100

OThe body will weigh 100 N half way
down to the centre of the earth.

19

The work done to raise a mass m
from the surface of the earthto a
height h, which is equal to the

radius of the earth, is
[NEET (National) 2019]

(d)mgR

Ans. (b)
Key Idea Amount of work done in
moving the given body from one point
to another against the gravitational
force is equal to the change in
potential energy of the body.
As we know, the potential energy of body
of mass mof the surface of earthis

U1 = —GMJ

R

where, G =gravitational constant,

. (i)

M=mass of earth and R =radius of earth.

When the mass is raised to a heighth
from the surface of the earth, then the
potential energy of the body becomes

h=R

__ GMm
O (R+h)
Here,h=R (given)
o oy, =-o"m i)
2R

Thus, the change in potential energy,
AU=U, - U,

Substituting the values from Egs. (i)and (ii),
we get

AU=—CW’7rT7+GIV‘7m
2R R
_GMm _gR’m 0. _GMO
"R R EYTRH
_ mgR
2
Thus, the work done in raising the mass
mgR

to aheight Ris equals toT

20 If the mass of the Sun were ten

times smaller and the universal
gravitational constant were ten
times larger in magnitude, which of
the following is not correct?
[NEET 2018]
B

(a) Time period of a simple pendulum on
the Earth would decrease

(b) Walking on the ground would
become more difficult

(c) Raindrops will fall faster

(d) ‘g’ on the Earth will not change

Ans. (d)

Let the original mass of Sun was M, and
gravitational constantG'.

According to the question,

New mass of Sun, M, = TS

New gravitational constant,G' =106
As, the acceleration due to gravity is
given as

_ GM,

RZ

where, M, is the mass of Earthand R is
the radius of the Earth.
Now, new acceleration due to gravity,

1)

,_G'™M.
g = R

= mRPZeG i)

O g'=10g¢g [from Egs. (i)and (ii)]

This means the acceleration due to
gravity has been increased. Hence, force
of gravity acting on a body placed on or
surface of the Earth increases.

Due to this, rain drops will fall faster,
walking on ground would become more
difficult.

As, time period of the simple pendulum

is
| 1

T=21|/— OrTO—

fs 00

Thus, time period of the pendulum also
decreases with the increase ing.

21 The acceleration due to gravity at a

height 1 km above the earth is the
same as at a depth d below the
surface of earth. Then [NEET 2017]

(a)d:%km (b)d =1km

3

(c)d:Ekm (d)d =2km



Ans. (d) » V=-54x10"Jkg? and g’ =60ms™ Ans. (d)
Thinking Process g, =Acceleration due Radius of earth, R =6400 km. The resulting gravitational potential,

togravity at helgu?thabove earth's surface Substitute these values in Eq. (iii), we get V=-206 %‘ +1 +1 +l + E
th 7 2 4 8
=90 R H=gf- 4x10° R +h D 9x10° =R +h
OR+hO 6.0 -_96 E + .10
; .
g, =Acceleration at depth d below O h=(9-64) x10° =26 x10°m 2 H
earth's surface a h=2600km Q g
= —QD -
90 RO 24 Starting from the centre of the g ve-_26 __26 __,5
Given, whenh=Tkm, g =g earth having radius R, the variation H_ llj m[in|
d ' ;h " of g (acceleration due to gravity) is 0 20 BH
or g H- =g Q‘ @ shown by [NEET 2016]
" 26 A body of mass m taken from the
0 d=2h or d=2km @ 9 earth’s surface to the height equal
R— o to twice the radius (R) of the earth.
22 Two-ast.ronauts are floating in T The change in potential energy of
gravitational free space after ' body will be [NEET 2013]
having lost contact with their ) g (a)ma2 R (b)z R
spaceship. The two will [NEET 2017] almg 3M9
(a) keep floating at the same distance o) R — 1 (c)3mgR (d)lng
between them A 3
(b) move towards each other © g Ans. (b)
(c) move away from each other Chan.  In botential ener
(d) will become stationary 0 5 - geinp oM 9y oM
Ans. (b) So.  AU=-—"T —Sr—mﬁ
. t R+ 2R R
In the space, there is no external gravity. d g oM
Due to masses of the astronauts, there (@) where, U, , = m
will be small gravitational attractive R+2R
force between them. Thus, these 0 R—r _ GMm
astronauts will move towards each other. Ans. (b) initial ~
o . Acceleration due to gravity at a depthd __GMm GMm
23 Atwhat helght_ fro,m the surface of below the surface of the earth is given by 0 au= 3R R
earth the gravitation potential and
the value of g are 5.4 x107 J kg™ Teptn = Jrurtace H RH =26Mm _2 R E g _GL;’E
and 6.0 ms ? respectively? Take, Moo © ot helantha S .
. so, for a point at heighthabove J—
the radius of earth as BLESEE';msz] surface, 27 The height at which the weight of a
0 R? body becomes 1/16th, its weight
(@) 1600 fm (D140 ki Fheont = Gaurce [ on the surface of the earth
(c)2000 km (d)2600 km R+h)’ H : .
(radiusR), is [CBSE AIPMT 2012]
Ans. (d) Therefore, we can say that value of g (a)5 R (b)15 R
Gravitational potential at some height h increases from centre of maximum at (c)3R (d)4 R
from the surface of the earth is given by the surface and then decreases as
_ GM (i) depicted in graph(b). Ans. (c)
R+h o According to the question,
A . . 25 Infinite number of bodies, each of GMm _ 1 GMm
nd acceleration due to gravity at some mass 2 kg are situated on X-axis at (R+N? 16 R?
gsg:tal;from the earth surface can be distances 1M, 2 m, 4 mand 8 m, where, m= mass of the body
,_ GM (i) reSpe?t'Vely f':om. the origin. The and % = gravitational acceleration
9= (R+h)° resulting gravitational potential due R
) . to this system at the origin will be o] or R_1
From Egs. (i)and ii). we get [NEET 2013] (R+h)* 18R’ R+h 4
[V GM (R + h)? 8 R+h
= X —_ —— —
o RN oM (a)-G (b) BG or =4

- I\/,I_ (iii) (C)‘%G (d)-46 h=3R
g



28

29

30

A compass needle which is allowed
to move in a horizontal plane is

taken to a geomagnetic pole. It
[CBSE AIPMT 2012]

(a) will become rigid showing no
movement

(b) will stay in any position

(c) willstayinNorth-Southdirectiononly

(d) will stay in East-West direction only

Ans. (¢)

It will stay in North-South direction
only at geomagnetic North and South
poles.

A spherical planet has a mass M,
and diameter D, . A particle of mass
m falling freely near the surface of
this planet will experience an
acceleration due to gravity, equal
to [CBSE AIPMT 2012]

(a)AGMD/Di (b)GMDm/Dg
(c)GM, /D? (d)4GM,m/D?
Ans.(a)

Concept Apply Newton's gravitation law.
According to Newton’s law of gravitation
force,

_GMm

=

Force on planet of mass M, and body of
mass mis given by

F

Fe GM.m

(D.2)*
Owhere, D, =diameter of planet[
O p U
Land R, =radius of planet=—2 0
0 2

= 46GMm
D:

As we know that, F =ma
So, acceleration due to gravity
g _F _4G6M,
m D’

A body projected vertically from

the earth reaches a height equal to

earth’s radius before returning to

the earth. The power exerted by

the gravitational force is greatest

[CBSE AIPMT 2011]

(a) attheinstantjust before the body
hits the earth

(b) it remains constant all through

(c) attheinstantjust after the body is
projected

(d) at the highest position of the body

Ans. (a)

We know that, Power, P=F¥ =FV cos@
So, just before hitting, Bis zero, power
will be maximum.

3_1 A particle of mass M is situated at

the centre of a spherical shell of
same mass and radiusa. The
gravitational potential at a point
situated at a/2 distance from the
centre, willbe [CBSE AIPMT 2010]

(s)— 36M (b)~ 26M
a a
(c)-1 (d)- 401
a a
Ans. (a)

Gravitational potential at pointa/2
distance from centreis given by,
_ _% _GM _ 3GM

a0 a2 a

32 Aroller coaster is designed such

that riders experience

“weightlessness” as they go round

the top of a hill whose radius of

curvature is 20 m. The speed of the

car at the top of the hill is between
[CBSE AIPMT 2008]

14 m/sand 15 m/s

15m/sand 16 m/s

16 m/sand 17 m/s

13 m/sand 14 m/s

Ans. (a)

The appearance of weightlessness
occurs in space when the gravitational
attraction of the earth on a body in space
is equal to the centripetal force.

mv
1

(a
(b
(c
(d

mg

2
mv
g

r

or  v=./rg=.20x10=14.14 m/s

33 Imagine a new planet having the

same density as that of the earth
but it is 3 times bigger than the
earth in size. If the acceleration
due to gravity on the surface of the
earth is g and that on the surface

of the new planetisg’, then
[CBSE AIPMT 2005]

(a) g = 3g (b)g':g
(c)g'=9g (d)g=27g
Ans. (a)

The acceleration due to gravity on the
new planet can be found using the
relation

_GM .
g—F )
but M=§ TIR*ppbeing density.
Thus, Eq. (i) becomes
GX%T[RSp 4
=— 9 =Gx-T1R
g 7 3 p
gOR
O g’:&
g R
O i:ﬁ:3 O g’:Sg
g R

3_4 The density of newly discovered

planet is twice that of the earth.
The acceleration due to gravity at
the surface of the planet is equal to
that at the surface of the earth. If
the radius of the earth isR, the

radius of the planet would be
[CBSE AIPMT 2004]

1 1

(@2rR (b)4R  (c)-R (d)=R
4 2

Ans. (d)
The acceleration due to gravity on an
object of mass m

_F
g=—
m

but from Newton’s law of gravitation

where, Mis the mass of the earthand R is
the radius of the earth.

g = GMmR” _GM

0 on
m R?
_h o3 =4 R
[“M, =—mR; P andM, == R} P,]
3 3
Givenr pplaneq_ zzpeanh
Also, Grpaner = Do
GM, _GM,
R R!
As, Density(pﬁw
Volume (V)
Gx2mig Gx R g
So, S = 5

R? RZ

p e



or R

35 The acceleration due to gravity on

the planet Ais 9 times the
acceleration due to gravity on the
planet B. A man jumps to a height
of 2m on the surface of A. What is
the height of jump by the same

person on the planet B?
[CBSE AIPMT 2003]

(a)6m (b)%m
(c)gm (d)18m
Ans. (d)

Itis given that, acceleration due to
gravity on planet Ais 9 times the
acceleration due to gravity on planet B
i.e.

9, =99; i
From third equation of motion,

v? =2gh

v N

Atplanet A, h, = i)
29,
2

At planet B, h, =2L i)

9s

ii) by Eq. (i), we have
= gB

B gA
FromEq.(i), g, =99,

Dividing Eq. (i

3“)5!‘ —

D hiA_gB—]

or hy =9h, =9 x2 =18 m (. h, =2m)

% A body of mass mis placed on the

earth’s surface. It is then taken
from the earth's surface to a height
h=3R, then the change in

gravitational potential energy is
[CBSE AIPMT 2002]

mgh 2
(a) —=— (b) = mgR
3R 5 Rg
mg
c)—mgR d)—2—
(e}, mg (d) =
Ans. (¢)
Potential energy, U = _GMm
r

At the earth's surface, r=R

0 U, = _GMm
R

Now, if a body is taken to heighth=3R,
then the potential energy is given by

OMm — or=h + R)
R+h
_GMm
4R

Thus, change in gravitational potential
energy,

h

AU=U, -U,
__GMm _[ GMm[O
) H R H
_GMm GMm 3 GMm
4R R 4 R
3 gR*m
R

d AU=>

(-~ GM=gR?)
A g

3
== mgR
4 g

3_7 A body attains a height equal to the

radius of the earth. The velocity of
the body with which it was
projected is [CBSE AIPMT 2001]

GM 2GM

/5 GM 3GM
(C) Z? (d) T
Ans. (a)

Energy at surface of the earth
=energy at maximum height
or (K + U)at the earth’s surface
=(K + U) at maximum height

0 Tz ZGMM 1y - GMM
2 R 2 R+h

At maximum height it has only potential
energy

or —mu‘=-"—-- (- h=R)
2 R R+R
, _2GM 2GM

or Ut -

R 2R
or u? =6M Ou= GM

R R
Alternative

The expression for the speed with which
a body should be projected so as to
reach a height his
2gh
1+ (h/R)

Here, h=R(qgiven)

29R  _
1+ (R/R)

GM

g What will be the formula of the

mass in terms of g,R and

G ?(R =radius of the earth)
[CBSE AIPMT 1996]

(a)g” & (b)g K-

G g

R R?

g LA

elo | @9 "
Ans. (d)

Let mbe the mass of body, it is placed
on spherical body of mass M, radius R
and centre 0. If acceleration due to
gravity is g and density of spherical body
is uniform such that its mass can be
supposed to be concentrated at its
centre 0.

R

|

m

Let F be the force of attraction between
body of mass mand spherical body of
mass M.

According to Newton’s law of gravitation
_GMm
==

From gravity pullF = mg

0 _GMm GM
mg = 7 or g= R2
2
O M :ﬂ
G

39 A seconds pendulum is mounted in

arocket. Its period of oscillation
decreases when the rocket

[CBSE AIPMT 1991]
(a) comes down with uniform acceleration
(b) movesroundthe earthina

geostationary orbit

(c) moves up with a uniform velocity
(d) moves up with uniform acceleration

Ans. (d)

When rocket accelerates

upward with accelerationa,

then effective acceleration of fa
rocket is(g + a).

As, T = 21‘[( =2m
\ Q+GD

Hence, period of oscillation of seconds
pendulum decreases when the rocket
moves up with uniform acceleration.



40 A planet is moving in an elliptical
orbit around the sun. If T, U, Eand L
stand for its kinetic energy,
gravitational potential energy, total
energy and magnitude of angular
momentum about the centre of
force, which of the following is
correct? [CBSE AIPMT 1990]
(a) Tisconserved

b) Uis always positive

) E is always negative

) Lis conserved but direction of vector

L changes continuously

Ans. (¢

When the planet moves in circular or

elliptical orbit, then torque is always

acting parallel to displacement or
velocity. So, angular momentum is
conserved. When the field is attractive,
then potential energy is given by
U= —GMJ
R

Negative sign shows that the potential
energy is due to attractive gravitational
force. Kinetic energy changes as velocity
increases when distance is less. Hence,
option(c)is correct.

TOPIC 3

Escape Speed and
Motion of Satellites

41 The escape velocity from the
Earth’s surface isv. The escape
velocity from the surface of
another planet having a radius, four
times that of Earth and same mass

(
(c
(d

density is [NEET 2021]
(a)v (b)2v (c)3v (d)4v
Ans. (d)

We know that,
escape velocity from Earth’s surface,
_ |2GM,
v, =
Re
where, G is the gravitational constant,

R, is the radius of the Earth,
M, is the mass of the Earth.

Also, density:m
volume
0 Mass=Density x Volume
or M, =pxV
— 4 3 _4 3
or M, =px- TR Q:\/—fnREQ
3 3

Substituting the values in the escape
velocity expression, we get

26px 2 TR
M i R
RE

v, = Zprg TR 1)

Now, we shall determine the escape
velocity for another planet.

Given, radius of another planet is 4 times
the radius of the Earth,

0 v, = /ZprgnRi
v, = /2pr§ T4R, ) (R, =4R,)
P S . )
v, =4.|2Gp ><g mR,) (i)

On dividing Eq. (i) by Eq. (i), we get
4 2
, =4 26px TIR,)

M R B
Ve Zprgnﬁi

o v, =bv, =4v

42 A particle of mass mis projected

with a velocity v = kv, (k <1)from the
surface of the Earth.

(Here, v, =escape velocity)

The maximum height above the

surface reached by the particle is
[NEET 2021]

Ok O Ok O
(a)RH_—kH (b)RB\TkH

R%k Rk?
d
(c)1+k ( )1_Rz
Ans. (d)

Given, the mass of the particle=m
The velocity of the projected particle,
v=kv,

Initial energy at the time of projection

2 m
=-—mv -
2 R

Final energy at the maximum heighth
from surface of the Earth

1, GMm
=—mv’ -2
2 R+h
=lm(0)2 _GMm
2 R+h

(- final velocity is zero at heighth from
the surface of the Earth)
__GMm

" R+h

Using the law of conservation of energy,
initial energy at the time of projection =
final energy at the maximum heighth
from the surface of the Earth

1 , GMm _ GMm
—mv’ - =-

2 R R+h

Substituting the values in the above
equation, we get

lm(kve)g_GMm:_GMm
2 R R+h
Dlmkz%%D_GMm:_GMm
2 R R R+h
0 O
U, = @D
O R O
2
O 7—i:— !
R R+h
2
g 1 =1_K
R+h R R
0 R —r+non=_R__g
1- K T-K
0 h=rH ' -1
-k O
_ 2
O h—RME
O1-k O
Ok O

]
>

11
=
QT
[

43 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 of

earthis [NEET 2016]
(a)1:2+2 (b)1: 4

(c)1:42 (d)1:2

Ans. (a)

Since, the escape velocity of earth can
be given as

v, =429R =R gnGp

[p=density of earth]

O v, =R /g G p i)

As itis given that the radius and mean
density of planet are twice as that of
earth. So, escape velocity at planet will be

v, =2R /? n62p i)



44 A satellite of mass mis orbiting the
earth (of radius R) at a height h from
its surface. The total energy of the
satellite in terms of g, the value of
acceleration due to gravity at the
earth’s surface is [NEET 2016]

mg, R’ _mg,R*
2(R+h) 2(R+h)
2 2
Q) 2mg,R (d) _2mg,R
R+h R+h
Ans. (b)
-~ Total energy of a satellite at heighthis
=KE + PE = GMm _ GMm
2AR+h) (R+h)
_ -GMm _ -GMmR* _ -mg,R’

"2(R+h) 2R (R+h) 2(R+h)
. _GM
@' % ‘?@

45 A remote sensing satellite of earth
revolves in a circular orbit at a
height of 0.25 x 10° mabove the
surface of earth. If earth’s radius is
6.38%10° mandg=9.8 ms™?, then

the orbital speed of the satellite is
[CBSE AIPMT 2015]

(a)7.76kms™" (b)8.56kms™"
(c)9.13kms™" (d)6.67kms™'
Ans. (a)

Given, height of a satellite
h=0.25x10° m

Earth's radius, R, =6.38 x10°m

For the satellite revolving around the
earth, orbital velocity of the satellite

Substitutes the values of g, R, and h, we
get

v, =4/60 x10° m/s

v, =7.76 x10° = 7.76 km/s

46 A satellite Sis movingin an
elliptical orbit around the earth.
The mass of the satellite is very
small as compared to the mass of
the earth. Then, [CBSE AIPMT 2015]
(a) theangular momentum of S about

the centre of the earth changes in

direction, but its magnitude remains
constant

(b) the total mechanical energy of S
varies periodically with time

(c) thelinear momentum of S remains
constant in magnitude

(d) theacceleration of S is always directed
towards the centre of the earth

Ans. (d)

As we know that, force on satellite is
only gravitational force which will always
be towards the centre of earth. Thus, the
acceleration of S is always directed
towards the centre of the earth.

47 Ablack hole is an object whose
gravitational field is so strong that
even light cannot escape fromiit. To
what approximate radius would
earth (mass =5.98 x10* kg) have to

be compressed to be a black hole?
[CBSE AIPMT 2014]

(@)10® m (b)10°m
(€)107? m (d)107" m
Ans. (¢)

Problem Solving Strategy For the black
hole, the escape speed is more thanc
(speed of light). We should compare the
escape speed with the ¢(Note that the
escape speed should be at least just
greater than c).

_ [2GM
Ve =
RI

[R'=New radius of the earth]

c= 2GM[vezc] 0 ¢ =2M
R’ R’

_2GM_2x687 x10™" x6 x10™
c? 9x10"
:4><6.67 %

R

107 =889 x107°

=0.889 x107? =107 m
E The radii of circular orbits of two
satellites A and B of the earth are
4R and R, respectively. If the speed
of satellite Ais 3v, then the speed

of satellite Bwill be
[CBSE AIPMT 2010]
(c)12v  (d)3v/2

(a)3v/4 (b)Bv

Ans. (b)
Orbital velocity of satellite is given by,
V= %

r

Ratio of orbital velocities of Aand Bis

given by,
0 Vfﬁ]
Vg r, V4R 2
o Yaz3v_l
Vg vy 2
O v, =6bv

49 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
platformis fv,, wherev, isits
escape velocity from the surface of

the earth. The value of fis
[CBSE AIPMT 2006]

1 1

Lol !
3 2

(@2 (b))
2
Ans. (b)

At aplatform at a height h,
Escape energy =binding energy of
sphere

1

or —mifv,)” = GHm

" R+h

2
or fu, = |20M = 261 ) (h=R)
R+h \2R

But at surface of the earth,

v, = |25 i)
R

Dividing Eq. (ii) by Eq. (i).

GM
fv R 1
Hence, e = o f=—
v, 2GM N7

R

50 For a satellite moving in an orbit
around the earth, the ratio of
kinetic energy to potential energy
is [CBSE AIPMT 2005]

@2 (b2 (C% (d)42

Ans. (b)
GM.m

Potential energy, U = - Re

e

where,
M, = mass of the earth
m = mass of satellite



R, =radius of the earth

G = gravitational constant

52

The escape velocity of a sphere of
mass m is given by (G = universal

The escape velocity on moon’s
surface is only 2.5 km/s. This is the basic
fundamental on which, absence of

or [y=8Mm gravitational constant, M, = mass atmosphere on moon can be explained.
. of the earth and R, = radius of the
o 16M.m earth) [CBSE AIPMT 1999] 54 A ball is dropped from a satellite
Kineticenergy, K =— —¢ .
R, GM, (b) 2GM, revolving around the earth at a
K iemm  Rm @7 R height of 120 km. The ball wil
Thus, W0 2 R oMm 2 5o M [CBSE AIPMT 1996]
(c) R (d) Rze (a) continue to move with same speed
The total energy, e e along a straight line tangentially to
E=K+U = -GMm Ans. (b) the satellite at that time
2r (b) continue to move with the same

\«

,
E E=K+U
a

The binding energy of sphere of massm
(say)on the surface of the earth kept at

restis GMem. To escape it from the

earth’s surface, this much energy in the
form of kinetic energy is supplied to it.

speed along the original orbit of
satellite
(c) falldown to the earth gradually
(d) go faraway in space

Ans. (b)

So, 1 mv? = GM,m The ball, when dropped from the orbiting
This energy is constant and negative, i.e. 2 R, satellite will not reach the surface of the
the system is closed. To farther the satellite ' 5GM earth. When ball is dropped from the
from the earth, the greater is its total or v, =escape velocity = R 2 satellite, the ball also starts moving with

energy.

e

where, R, =radius of earth,

the same speed due to inertia. As the
orbit of a satellite does not depend upon

its mass, the ball continues to move

51 Escape velocity from the earth is
along with the satellite in the same orbit.

11.2 km/s. Another planet of same
mass has radius 1/4 times that of

M, = mass of the earth.

83 The escape velocity of a body on 55 The escape velocity from the

the earth. What is the escape
velocity from another planet?
[CBSE AIPMT 2000]
(b) 44.8 km/s
(d) 5.6 km/s

(a)11.2 km/s
(c) 22.4 km/s

Ans. (¢

Problem Solving Strategy Compare the
equation of escape velocity of earth and
planet.

Escape velocity is given by,

_ [26M,
Ves =
Re

From a planet, v,, = 261,
RP
Therefore,  Yes = 26M, x | R
Ve R, 2GM,

Itis given that,
mass of the planet = mass of the earth
ie. M, =M,

So, Ves = Re A0
Vs R,
Given, R, = R, 0 &=land
4 R, 4

Vs =112 km/s
Substituting in Eq. (i), we have

Ve =\/§:2,
n2 V7

v, =112x2=22 4km/s

the surface of the earth is 11.2
km/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
[CBSE AIPMT 1997]

44.8 km/s

22.4 km/s

11.2 km/s (remain unchanged)
5.6 km/s

Ans. (b)
Escape velocity on the earth’s surface is

given by
_ |2GM,
Ves =
Re

where, Gis gravitational constant, M,
and R, are the mass and radius of the
earth respectively. By taking the ratios
of two different cases

O V’ﬁ: ﬂx&
Ves Me R'

but M, =2 M,
and R, =R
2

(a)
(b)
(c)
(d)

Ve =112 km/s.

O Vﬁ: ZMEX Re =«/Z=2
v,, \ M R,/2

O v, =2v, =2x112=22 4km/s

surface of the earthisv,. The
escape velocity from the surface of
a planet whose mass and radius are
three times those of the earth, will

be [CBSE AIPMT 1995]
@v, (3, (%, (d——

3v,
Ans. (a)

Escape velocity on surface of the earth
is given by

v, =20R, =

where, M, = mass of earth

0
26M, [, _6M

e

R, = radius of the earth
G = gravitational constant

] v, O M
Re
Ifv, is escape velocity from the surface

of the planet, then Ve - ﬂx &
v, R, M,

where, M, is mass of the planetand R, is
radius of the planet.

but R, =3R, (given)

and M, =3M,

o Ye= Mo 3R :l:1orvp:ve
v R M, 1

p e e



E The escape velocity from the earth

is 1.2 km/s. If a body is to be
projected in a direction making an
angle 45° to the vertical, then the
escape velocity is

[CBSE AIPMT 1993]
(b)11.2 km/s

(d)11.24/2 km/s

(a)11.2x2km/s

(c)E km/s

V2
Ans. (b)
As, v, = 29R = %

Hence, escape velocity does not depend
on the angle of projection. Escape
velocity will remain same.

5_7 The mean radius of the earth is R,

its angular speed on its own axis is
wand the acceleration due to
gravity at the earth’s surface is g.
What will be the radius of the orbit
of a geostationary satellite?

[CBSE AIPMT 1992]
1/3 1/3

(a) Sl’liﬁ (b) %Q
(o B 0" (d)DRQgD”
Hg O He O

Ans. (a)

Letv, be orbital speed and be is the
radius of orbit of a geostationary
satellite. So, time period of satellite

VO
GM gR’? @ GMQ
As, = |—= g =_—
Vo Vr \or J 7H
3/12
0 210 210

= - g7==__
(ng /n)"? gRZ

312
put 7= g 722 -2

w /ng w

Hence, r*? =2 R o =R
W w

RZDWS
r=p2 —H
w

or

58 The satellite of mass m s orbiting

around the earth in a circular orbit
with a velocity v. What will be its
total energy? [CBSE AIPMT 1991]

S, 15
(a)4 mv (b)2 mv
(c)mv? (d)—%@mﬂ
Ans. (d)

Let satellite of mass mbe revolving
closely around the earth of mass Mand
radius R.

Total energy of satellite

=PE+ KE:—LP;’” + L my?

2

_ _GMm momO _ [eMO
——7+——@sv— —0
R 2 R [ R O

— _GMm
2R

[0 Total energy of satellite = —% mv?

E For a satellite escape velocity is 11

km/s. If the satellite is launched at
an angle of 60° with the vertical,

then escape velocity will be
[CBSE AIPMT 1989]

(a)11 km/s (b)1W/3km/s
(c)%km/s (d)33 km/s
Ans. (a)

Escape velocity on earth (or any other
planet)is defined as the minimum
velocity with which the body has to be
projected vertically upwards from the
surface of the earth (or any other planet).
So, that it just crosses the gravitational
field of earth and never returns on its
own. The escape velocity of the earth is
given by

_ [8mpGR?
3

From above equation it is clear that
value of escape velocity of a body does
not depend upon the mass(m) of the
body and its angle of projection from the
surface of the earth or the planet. So,
escape velocity remains same.



