Gravitation

The Universal Law of Gravitation

In this universe, each body attracts other body with a force that is directly
proportional to the product of their masses and inversely proportional to the
square of the distance between them. Let m; and m, be the masses of two
bodies and r be the separation between them.

F o MM Fe Gm,m,
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Here, G is the constant of proportionality which is called universal
gravitational constant. The value of G is 6.67 x 107! N-m%kg 2.

Example 1. Two particles of equal mass m go around a circle of radius R under
the action of their mutual gravitational attraction. The speed of each particle with

respect to their centre of mass is [AIEEE 2011]
Gm
(€)==
3R

Gm Gm Gm
= b) [ d) ==
@ R ®) 4R @ 2R

Sol. (b) Given, masses of the two particles are m; =m, =m and radius of the two particles
arer, =r, =R. So, the gravitational force of attraction between the particles,

G xmx .
F= 7[; m (D)
meo < mv
FmTR
mr
Centripetal force, F = R ..(i0)
From Egs. (i) and (ii), we get
Cm? B mv?
2R?* R
Gm

So, the speed of the each particle isv =
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Acceleration due to Gravity

The acceleration of an object during its free fall towards
the earth is called acceleration due to gravity.

If M is the mass of earth and R is the m
radius, the earth attracts a mass m on
its surface with a force F given by

M
Fe GMm
R2
This force imparts an acceleration to the

mass m which is known as acceleration
due to gravity (g).

By Newton’s law, we have

GMm
2
Acceleration, g= F_ B _GM
m m R2
On the surface of earth, g= C;—AZ/[
Substituting the values of G, M and R, we get
g=9.81 ms™

Mass of the earth, M = 6 x 10** kg and radius of the
earth, R = 6.4 x 10°m.

Variation in g with Altitude and Depth

The value of g is variable and can vary in some cases as
mentioned below

(1) Value of acceleration due to gravity (g) at a
height (h) fré)m the surface of the earth is given
gR

by g =—>——
v (R+ h)?

If h << R,then g’ = g[l - 2}?}

(i1) Value of acceleration due to gravity (g) at a
depth (d) from the surface of the earth is given by

d
/ 1-
¢-g(1-4)

At the centre of the earth, d = R and hence g’ = 0.
where, g = acceleration due to gravity on the
surface.

Note It should be noted that the value of g decreases, if we move
above the surface or below the surface of the earth.

Variation in the Value of g due to
Rotation of the Earth

Due to rotation of the earth, the value of g decreases as
the speed of rotation of the earth increases. The value of
acceleration due to gravity at a latitude is
g =8- R’ cos? A
Following conclusions can be drawn from the above
discussion
(1) The effect of centrifugal force due to rotation of the
earth is to reduce the effective value of g.

(i1) The effective value of g is not truely in vertical
direction.

(i11) At the equators, A = O°
Therefore, g’ = g — Ro’

(iv) At the poles, A = 90°
Therefore, g’ =g

(minimum value)

(maximum value)

Example 2. The acceleration due to gravity becomes g/?2
(g = acceleration due to gravity on the surface of the earth) at
a height equal to

R R R R
(@ — (b) — (o) — (d)—
4 2 3 5
Sol. (a) The acceleration due to gravity,
_GM 4
g = <2 ...(i)

At a height h above the surface of the earth, the acceleration due
to gravity is

GM
R +h)?

From Eqgs. (i) and (ii), we get

’

g:

..(ih)

g
8
Here, =
& 2
gﬁ_@_&)
g R
= 2h_1 orh:E
R 2 4

Example 3. The value of the acceleration due to gravity is
g, ata heighth = g (where, R = radius of the earth) from the

surface of the earth. It is again equal to g, at a depth d below

the surface of the earth. The ratio (d equals
R [IEE Main 2020]

4 o >
9

7 1
(@ — (b) - () —

9 3 9
Sol. (d) Given that, acceleration due to gravity at height h from
the surface of earth = acceleration due to gravity at depth d below

the surface of earth = g,

= 81=
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Example 4. A box weighs 196 N on a spring balance at
the north pole. Its weight recorded on the same balance, if it
is shifted to the equator is close to (Take, g =10 ms™? at the
north pole and the radius of the earth = 6400 km)
[JEE Main 2020]
(@) 195.66 N (b) 195.32 N (c) 194.66 N (d) 194.32 N

Sol. (b) Acceleration due to gravity at poles, g, =10 ms~2

Weight of box at poles, w, =196 N

w
So, mass of box, m=—=196kg

8p
Now, due to rotation of earth acceleration due to gravity at equator,
g.=8, —Ro’ 0!
Here, gp =10 ms‘z, R =6400 x10° m,
2n

w:TandT=24><36OOs

Now, substituting the given values in Eq. (i), we get
g.=10-0034 =9.966 ms >

So, weight of box at equator,
W, =8, Xxm=9966x196=19532N

Gravitational Field

The space surrounding a material body in which its
gravitational force of attraction can be experienced is
called its gravitational field.

Gravitational Field Intensity (E)

Gravitational field intensity at any point is defined as the
gravitational force experienced by any test mass divided
by the magnitude of test mass when placed at the desired
point.

where, m, is a small test mass. The SI unit of
gravitational intensity is Nkg ™.

Gravitational Field Intensity due to Various
Mass Distributions
(1) Gravitational intensity at a point P situated at a

distance r from a point mass M is given by E = GT
r

(i1) Due to a ring having a uniform mass distribution.
m, R

At the centre, E=0
Gmr
(R? + r2)'2
(i11) Due to hollow sphere having a uniform mass
distribution. For inside point (r < R), E = 0. For
outside point (r > R),
E=-—"-

7'2

On the axis, E= [along P to O]

where, r is the distance of point from the centre.

M

(iv) Due to a solid sphere having a uniform mass
distribution.
For inside point (r < R),
GMr
E=-
RS
For outside point (r > R),

Gravitational Potential (V)

Gravitational potential at any point in a gravitational
field is defined as the work done in bringing a unit mass
from infinity to that point.

Gravitational potential, V = lim w
mg—0 my

Gravitational potential due to a point mass is

V=-—
r
Gravitational potential is always negative and it is
maximum at infinity. It is a scalar term and its SI unit is
Tkg™



Gravitational Potential due to Various Mass
Distributions
(1) Due to ring having a uniform mass distribution.
GM

v=-22
R

GM
VR? +r?
(i1) Due to a hollow sphere of radius R having a uniform
mass distribution. For inside points (r < R),

At the centre,

On the axis, V=-

vo_GM
R
%
r=R P
,GM 1'/
R

For outside points (r > R),

v GM
r

(ii1) Due to a solid sphere of radius R having a uniform
mass distribution.

%

(0] r

_3GM i
2R :
R
For inside points (r < R),
_ -GM (3R*-r?)
2R?
For outside points (r > R),
Vo GM
r
Example 5. Three particles, each of mass m, are placed at
the vertices of an equilateral triangle of side a. What is the
gravitational field at the centroid of the triangle?
(a) Zero _3\567'? (0 3Cm (d)
a

a2 a

2Gm
2

Sol. (a) In the figure, O is the centroid of triangle ABC,
mAA

where, OA = %AD = %(AB sin60°)
2.3 _a
3 2 B
a
Thus, OA=0B=0C=—
V3
The gravitational intensity at O due to mass m at A is
Cm
= = along OA
AT oA a/f &
Similarly, the gravitational intenSIty at O due to mass m at B is
Cm
= = 5 along OB
"o’ a/f
and gravitational intensity at O due to mass m at C is
_om _ 5 along OC

E. o =—"

© 00 I
AsE,, Eg and E- are equal in magmtude and equally inclined to
each other, the resultant gravitational intensity at O is zero.

Example 6. Two bodies of masses m and 4 m are placed
at a distance r. The gravitational potential at a point on the

line joining them, where the gravitational field is zero, is
[AIEEE 2011]

4Gm (b)_6Cm (C)_9Cm
r r r

(@) - (d) zero

Sol. (c) Let gravitational field be zero at P as shown in figure.

AT P 4m
K X — T —x——
K r M
Gm _ G(4m)
X (r—x?
= 4 =(r —x?
= 2x=r—x
r
= X=—
3
VP:_Cﬂ_C(4m)
X r—x
_Gm _ 4Gm [..X_L}
r/l3 r-r/3 ’ 3
_BCm_6Gm__9Gm
r r r

Gravitational Potential Energy

Gravitational potential energy of a body or system is
negative of work done by the conservative gravitational
force F in bringing it from infinity to the present position.
Mathematically, gravitational potential energy,

U=—W=—J:F~dr

- The gravitational potential energy of two particles of
masses m, and m, separated by a distance r is given by
U=-_ Gm,m,
r



- The gravitational potential energy of mass m at the
surface of the earth is
GMm
R

- Difference in potential energy of mass m at a height h
from the earth’s surface and at the earth’s surface is

mgh = mgh
h

1+—
R

- For three particles system,

U=-

if h << R)

U(R+h) _UR=

U=-- |—Gm1m2 N Gm,mg N Gm2m3—|
[ T2 T3 T23 J

n(n-1)

- For n-particles system, pairs form and total

potential energy of the system is sum of potential
energies of all such pairs.

Example 7. |If gis acceleration due to gravity on earth’s
surface, the gain of the potential energy of an object of mass
m raised from the surface of the earth to a height equal to the
radius R of the earth, is

(@) 2mgR (b) mgR
1 1
() —mgR (d) —mgR
7 8 2 8
Sol. (c) The potential energy of an object at the surface of the
earth is
U, - _GMm
R
The potential energy of the object at a height (h =R) from the
surface of the earth is U, =— CMm __ GMm
R+h R+R
Gain in potential energy of the object is AU = U, - U,
AU =— CMm + GCMm
R+R
AU = 1GMm
2 R
As, gR*=CM
2
Hence, AU = 1 g Rim
2 R
= AU = %ng

Example 8. The energy required to take a satellite to a
height h above earth surface (where, radius of earth
= 6.4 x10% km) is E, and kinetic energy required for the
satellite to be in a circular orbit at this height is E,. The value
of h for which E; and E, are equal, is [JEE Main 2019]
(2)3.2x 10° km (b)1.28x 10* km
(©) 6.4% 10° km (d)1.6x 10 km
Sol. (a) The energy required for taking a satellite upto a heighth

from earth’s surface is the difference between the energy ath
height and energy at surface, then

= £ =U; -U,
M
- _EMan | CMgn )
R.+h R.

) ) ) (where, U = potential energy)
.. Orbital velocity of satellite,

[ CM,
V.=
° VR, +h

So, energy required to perform circular motion,
= EZ = lmvg — G/\/Iien"l
2 2R, + h)
According to the question, £, =E,
-CM.m  GM.m  GM.m
+ _

(where, M, = mass of earth)

(i)

R, +h R.  2R.+h
= 3R, =2R, + 2h
bR
2
As, radius of earth, R, = 6.4 x10°km
Hence, h :M km or 3.2x 10% km

Escape Velocity

It is the minimum velocity with which a body must be
projected from the surface of the earth so that it escapes
the gravitational field of the earth. We can also say that a
body, projected with escape velocity, will be able to go to
a point which is at infinite distance from the earth.

The escape velocity from the surface of a planet of mass
M, radius R and acceleration due to gravity gis

= ve=1/2iM= V28R

Substituting the values of g = 9.81 ms™
and R = 6400 km, we get
v, =11.2 kms™*

Example 9. A planet in a distant solar system is 10 times
more massive than the earth and its radius is 10 times smaller.
Given that the escape velocity from the earth is 11 kms™', the

escape velocity from the surface of the planet would be
[AIEEE 2008]

(@ 1.1kms™ (b) 11kms™!
(© 110kms™" d) 0.11kms™

Sol. (c) Mass of planet, M,, =10M,, where M, is mass of earth.
Radius of planet, R, = % ,where R, is radius of earth.

L M
Escape velocity is given by v, =, 26M

R
2GxM
For planet, v, = p_ [100x2GM,
R, | R

=10xv,=10x11
=110 kms™




Motion of a Satellite

Any body that revolves around earth or any planet is
called satellite. These can be natural (e.g. moon) or
artifical. The artifical satellites are man made satellites
launched from the earth. The path of these satellites are
elliptical with the centre of earth at a focus.

Orbital Velocity

Orbital velocity is the velocity required to put the
satellite into its orbit around the earth and given as

r

[ GM
or v, =
R+h

where, h = height of satellite above the earth’s surface.

For a satellite very close to the earth’s surface, i.e. h << R
orr=R

GM GM  —
UO: _— = gR
r R
0, =\,

Time Period

The time taken by a satellite to complete one revolution
around the earth is called the time period. It is given by

722" _onp | T
v, GM
932

=

JGM

Ifr = R, thenT = Zn\/ﬁ.
8

Total Energy of the Satellite

Kinetic energy of satellite, K = é mvg = Gzﬂ
-
Potential energy of satellite, U = — GMm
r
and total energy of satellite,
E-Kk+U=-SM"__g
2r

Binding Energy of Satellite
It is the energy required to remove the satellite from its
orbit and take it to infinity.

GMm

Binding energy = - E = +
2r

Geostationary Satellite

If an artificial satellite revolves around the earth in an
equatorial plane with a time period of 24 h in the same
sense as that of the earth, then it will appear stationary
to the observer on the earth. Such a satellite is known as
a geostationary satellite or parking satellite.

Example 10. A satellite is revolving in a circular orbit at a
height h from the earth surface such that h << R, where R is the
radius of the earth. Assuming that, the effect of earth’s
atmosphere can be neglected the minimum increase in the
speed required, so that the satellite could escape from the
gravitational field of earth is [JEE Main 2019]

(@ R (b) gR

2
(© 2 gR (d) \gR 2 -1)

Sol. (d) Orbital velocity of the satellite is given asv, = M

R+h

Since, R>>h

Vo=

M
R

JaR { g @}

Escape velocity of the satellite,

e

Nﬁ
7:‘0+O
I =Z

N
)

g
Since, we know that in order to escape the earth’s gravitational
field a satellite must get escape velocity.
.. Change in velocity,

Av=v,-v

=JgR 2 -1)

Example T1. A 400 kg satellite is in a circular orbit of

radius 2 R; about the earth. Amount of energy required to

transfer it to a circular orbit of radius 4R; is
(@)3.13x107

b)5.29x10°/

C

(
(©)3.13x10° )
(d)5.29%107
Sol. (a) Initially, , = - ™
4R,
While finally, Ef:_GMEm
8R:

The change in the total energy is

AE =F, = CMem _ (G’\;’EJ mRe
8R; R? ) 8
AF = 8MRe ~9.81x400 x6.37 x10°
8 8

AE =3.13x107)



Kepler’s Laws of Planetary Motion

Kepler discovered three empirical laws which accurately
describe the motion of the planets. These laws are

Kepler’s First Law or Law of Orbits
All the planets move around the sun in an elliptical orbit
with sun at one of the focus of ellipse.

l\/Iinor axis

———————————— Major axis
|
Perihelion | Aphelion
or Perigee | or Apogee
e

The point when the planet is nearest to the sun is termed
as perihelion and the farthest one is known as
aphelion.

Kepler’s Second Law or Law of Areas

The line joining the sun to the planet sweeps out equal
areas in equal intervals of time, i.e. areal velocity of the
planet w.r.t. sun is constant.

This law indicates that a planet moves faster near the
sun and slowly when away from the sun.

According to second law, area of region I = area of region
II, where the planet takes same time to move from A to B
and from C to D.

Kepler’s Third Law or Law of Periods

The square of the planet’s time period of revolution is
directly proportional to the cube of semi-major axis of its
orbit.

T2°<a3

where, a 1s the semi-major axis.

Example 12. The maximum and minimum distances of a
comet from the sun are 8 x10'> m and 1.6 x 10" m. If its

velocity when nearest to the sun is 60 ms™'. What will be its
velocity (in ms™") when it is farthest?

(@12 (b) 60

(€) 112 (d) 6

Sol. (a) By conservation of angular momentum,
mvr = constant

ie. Vi X, XI'in

max = Ymax

60x1.6x10"% 60 _
= =2 =12 ms
8x10 5

min

1
min

Example 13. |If the angular momentum of a planet of mass
m, moving around sun in a circular orbit is L about the centre
of the sun , its areal velocity is [JEE Main 2019]

@ 2t (b 2L © L @ L
m m 2m m

Sol. (c) According to Kepler’s second law, the line joining the
planet to sun sweeps out equal areas in equal interval of time.
This means the rate of change of area with time is constant.

P

The area covered from P to P’ is dA, which is given by

dA _ x 1ur?
2n
= da=Lrdgor 94 - 1,290
2 dt 2 dt

dA .
where, pr areal velocity.

dA 1 , dA 1, L

=—row or — r 5
dt 2 dt 2 mr

(because angular momentum, L = mr’)

dA L

E_2m



Practice Exercise

Topically Divided Problems

Universal Law of Gravitation

1. Imagine a light planet revolving around a very

massive star in a circular orbit of radius r with a
period of revolution 7. If the gravitational force of
attraction between the planet and the star is
proportional to R™'2, then T? is proportional to
(a) RS (b) R5/ 2

(C) R3/2 (d) R7/2

. If a planet of given density were made larger its
force of attraction for an object on its surface would
increase because of planet’s greater mass but would
decrease because of the greater distance from the
object to the centre of the planet. Which effect
predominate?

(a) Increase in mass

(b) Increase in radius

(c) Both affect attraction equally

(d) None of the above

. A uniform ring of mass M and radius r is placed
directly above a uniform sphere of mass 8 M and of
same radius R. The centre of the ring is at a
distance of d = v/3 R from the centre of the sphere.
The gravitational attraction between the sphere
and the ring is

GM?* 3GM*
a b
ORs ® "
2GM* V3 GM*?
© 222 (@) Y2
V2R R
. A solid sphere of uniform
density and radius R
applies a gravitational R
force of attraction equal to P

F; on a particle placed at P,

distance 2 R from the centre

O of the sphere. A spherical

cavity of radius R/2 is now made in the sphere as
shown in figure. The sphere with cavity now
applies an gravitational force F, on same particle
placed at P. The ratio F,/ F; will be

(a) 1/2 (b) 7/9

(©3 (@7

5. Both earth and moon are subject to the

gravitational force of the sun. As observed from the

sun, the orbit of the moon [NCERT Exemplar]

(a) will be elliptical

(b) will not be strictly elliptical because the total
gravitational force on it is not central

(c) 1is not elliptical but will necessarily be a closed curve

(d) deviates considerably from being elliptical due to
influence of planets other than earth

. Different points in earth are at slightly different

distances from the sun and hence experience
different forces due to gravitation. For a rigid body,
we know that if various forces act at various points
in it, the resultant motion is as if a net force acts on
the CM (centre of mass) causing translation and a
net torque at the CM causing rotation around an
axis through the CM for the earth-sun system
(approximating the earth as a uniform density
sphere) [NCERT Exemplar]
(a) the torque is zero
(b) the torque causes the earth to spin
(c) the rigid body result is not applicable since the
earth is not even approximately a rigid body
(d) the torque causes the earth to move around the sun

. Two astronauts have deserted their spaceship in a

region of space far from the gravitational attraction
of any other body. Each has a mass of 100 kg and
they are 100 m apart. They are initially at rest
relative to one another. How long will it be before
the gravitational attraction brings them 1 cm closer
together?

(a) 2.52 days (b) 1.41 days (c) 0.70 days (d) 0.41 days

. Particles of masses 2M, m and M are respectively

at points A, B and C with AB = 2 (BC). mis

much-much smaller than M and at time ¢ =0, they are

all at rest
B

2M m M

C

(a) m will remain at rest
(b) m will move towards M
(¢c) m will move towards 2M

[NCERT Exemplar]

(d) m will have oscillatory motion



9.

10.

11.

A spherical hollow is made in a lead sphere of
radius R such that its surface touches the outside
surface of the lead sphere and passes through the
centre. The mass of the lead sphere before
hollowing was M. The force of attraction that this
sphere would exert on a particle of mass m which
lies at a distance d ( > R) from the centre of the
lead sphere on the straight line joining the centres
of the sphere and the hollow is

GMm GMm
b)) —/———
(@) —5— (b) 854d°
(o GMm 1 @GMm| 1

1+
2 2 2
d 8l1+ & d gl1- B
2d 2d
A straight rod of length L extends from x =a to
x = L + a. The gravitational force it exerts on a

point mass m at x =0, if the mass per unit length of
the rod is A + Bx?, is given by [JEE Main 2019]

(@) Gm{A(l—lj—BL}
a+L a

(b) Gm[A( ! —1)+BL}
a+L a

© Gm{A(l— ! j+BL}
a a+ L

@ Gm{A(l— 1LJ—BL}
a

a+
Four identical particles of mass M are located at
the corners of a square of side a. What should be
their speed, if each of them revolves under the
influence of other’s gravitational field in a circular
orbit circumscribing the square? [JEE Main 2019]

l‘\

o) 1. 16

(a) 135 GM

a
(¢) 121 /GM
a

a

@ 14194
a

Acceleration due to Gravity

12.

The acceleration due to gravity on a planet is
1.96 ms2. If it is safe to jump from a height of 3 m
on the earth, the corresponding height on the
planet will be
(a) 3m (b) 6 m

(¢)9m (d) 15 m

13.

14.

15.

19.

A thief stole a box full of valuable articles of weight
w and while carrying it on his head jumped down
from a wall of height A from the ground. Before he
reaches the ground, he experienced a load

(a) zero (b) w/2 (0w (d)2w

The mass of the moon is 1/8 of the earth but the
gravitational pull is 1/6 of the earth. It is due to the
fact that

(a) moon is the satellite of the earth

(b) the radius of the earth is 8.6 the moon

(c) the radius of the earth is \/% of the moon

(d) the radius of the moon is 6/8 of the earth

Average density of the earth
(a) does not depend on g

(b) is a complex function of g

(c) is directly proportional to g
(d) 1s inversely proportional to g

[AIEEE 2005]

. The change in the value of g at a height 2 above the

surface of the earth is the same as at a depth d
below the surface of earth. When both d and A are
much smaller than the radius of earth, then which
one of the following is correct? [AIEEE 2005]

(a)dzg (b) d—% (© d=2h (d) d=h

. The earth is an approximate sphere. If the interior

contained matter which is not of the same density

everywhere, then on the surface of the earth, the

acceleration due to gravity [NCERT Exemplar]

(a) will be directed towards the centre but not the
same everywhere

(b) will have the same value everywhere but not
directed towards the centre

(c) will be same everywhere in magnitude directed
towards the centre

(d) cannot be zero at any point

. There is a mine of depth about 2.0 km. In this mine

the conditions as compared to those at the surface

are

(a) lower air pressure, higher acceleration due to
gravity

(b) higher air pressure, lower acceleration due to gravity

(c) higher air pressure, higher acceleration due to
gravity

(d) lower air pressure, lower acceleration due to gravity

At a given place where, acceleration due to gravity
is g ms2, a sphere of lead of density d kgm= is
gently released in a column of liquid of density p
kgm=3, If d > p, the sphere will

(a) fall vertically with an acceleration of g ms—=2

(b) fall vertically with no acceleration

(c) fall vertically with an acceleration g(%}

(d) fall vertically with an acceleration p/d



20.

21.

22.

23.

24.

25.

26.

27.

At a distance 320 km above the surface of earth,
the value of acceleration due to gravity will be
lower than its value on the surface of the earth by
nearly (radius of earth = 6400 km)

(a) 2% (b) 6%

(¢) 10% (d) 14%

The acceleration due to gravity at a height (1/20)th
of the radius of the earth above the earth surface is
9 ms2. Its value at a point at an equal distance
below the surface of the earth (in ms2) is about

(a) 8.5 () 9.5

(c) 9.8 (d) 11.5

If the value of g acceleration due to gravity at earth
surface is 10 ms2, its value in ms2 at the centre of
the earth, which is assumed to be a sphere of
radius R metre and uniform mass density is

(a) 5 (b) 10/R

(c) 10/2R (d) zero

The height at which the acceleration due to gravity

decreases by 36% of its value on the surface of the
earth. (The radius of the earth is R)

R R
(a) o () n

R 2
() E (d) g R

Two spherical planets A and B have same mass but
densities in the ratio 8 : 1. For these planets, the
ratio of acceleration due to gravity at the surface of
A to its value at the surface of B is

(a)l:4 (b)y1:2

(©4:1 (d)8:1

If the radius of the earth were to shrink by 1% and
its mass remaining same, the acceleration due to
gravity on the earth’s surface would

(a) decrease by 2%

(b) remain unchanged

(c) increase by 2%

(d) become zero

If the force inside the earth surface varies as r",
where r is the distance of body from the centre of
earth, then the value of n will be

(a) -1 (b) -2

(01 (d) 2

The height at which the acceleration due to gravity
becomes g (where, g is the acceleration due to

gravity on the surface of the earth) in terms of R
(the radius of the earth) is [AIEEE 2009]

(a) 2R ®) %
© g @ V2R

28.

29.

30.

31.

32.

33.

34.

35.

The variation of acceleration due to gravity g with
distance d from centre of the Earth is best
represented by (R = Earth’s radius)  [JEE Main 2017]

g g
(a) ‘“ () ‘h
d d
O R O R
g g
© : @
\d _ d,

The depth from the surface of the earth of radius R
at which the acceleration due to gravity will be 75%

of the value on the surface of the earth is
(a) R/4 (b) R/2 (c)3R/4 (d) R/8

Two equal masses m and m are hung from a balance
whose scale pans differ in height by 4. If p is the
mean density of earth, then the error in weighing
machine is

(a) zero

(¢)8n Gpmh /3

(b) 4t Gpmh /3
(d) 2nGpmh /3

The speed of earth’s rotation about its axis is w. Its
speed is increased to x times to make the effective
acceleration due to gravity equal to zero at the
equator, then value of x is around
(g =10 ms2, R = 6400 km)

(a) 1 (b) 8.5 (c) 17

The bodies situated on the surface of earth at its

equator, becomes weightless, when the earth has
KE about it axis

(2) mgR  (b) 2 mgR/5 (c) MgR/5  (d) 5 MgR/2

The height A at which the weight of a body will be
the same as that at the same depth A from the
surface of the earth is

(Radius of the earth is R and effect of the rotation
of the earth is neglected) [JEE Main 2020]

() 34

() g (R-R) <b)§
(C)JEIZ—R @ ﬁz;—R

At what height above the earth’s surface, does the
force of gravity decrease by 10%? The radius of the
earth is 6400 km?
(a) 345.60 km
(c) 1031.8 km

(b) 687.20 km
(d) 12836.80 km

The ratio of acceleration due to gravity at a height i
above the surface of the earth and at a depth A
below the surface of the earth for 4 < radius of earth
(a) is constant

(b) increases linearly with A

(c) decreases linearly with A

(d) decreases parabolically with A



36.

37.

38.

If a man weights 90 kg on the surface of earth, the
height above the surface of the earth of radius R,
where the weight is 30 kg, is

(@) 0.73 R (b) R/~/3
(c)R/3 (V3R
The ratio of the weights of a body on the earth’s

surface, so that on the surface of a planet is 9 : 4.
The mass of the planet is §th of that of the earth. If

R is the radius of the earth, what is the radius of
the planet? (Take, the planets to have the same
mass density) [JEE Main 2019]

R R R R
(a) 3 (b) 1 (0) 9 (d) 5
The value of acceleration due to gravity at earth’s
surface is 9.8 ms 2. The altitude above its surface
at which the acceleration due to gravity decreases
to 4.9 ms™2, is close to (Take, radius of earth
=6.4%10° m) [JEE Main 2019]
(@) 90x10°m (b) 26 x10° m
(¢) 64x10°m (d) 16%x10°m

Gravitational Field, Potential
and Potential Energy

39.

40.

41.

The gravitational field due to a mass distribution is
E = k/x? in the x-direction (% is a constant). Taking
the gravitational potential to be zero at infinity, its
value at a distance x/~/2 is

(@) k/x (b) k/2x

(©) k/x? (d) k/2x>

Which of the following graphs represents correctly
the variation of the intensity of gravitational field
(I) with the distance (r) from the centre of a
spherical shell of mass M and radius a?

GM| _____ GM| _____
a? a?
(©) i (d)
!
i
O r=a ! O r=a !

Two bodies of masses 2 kg and 8 kg are separated
by a distance of 9 m. The point where the resultant
gravitational field intensity is zero is at a distance
of

(a) 4.5 m from each mass (b) 6 m from 2 kg

(c) 6 m from 8 kg (d) 2.5 m from 2 kg

42.

43.

44.

45.

46.

47.

There are two bodies of masses 100000 kg and
1000 kg separated by a distance of 1 m. At what
distance (in metre) from the smaller body, the
intensity of gravitational field will be zero?

(a) 1/9 (b) 1/10

(c) 1/11 (d) 10/11

Consider two solid spheres of radii R; = 1 m,

R, = 2m and masses M, and M,, respectively. The
gravitational field due to spheres 1 and 2 are

shown. The value of —1 is

2 [JEE Main 2020]
@ 47
k)
& 37
g 2
2 27
3 1
3
s

1 1 1 2

2 2 2 2
(@ 3 (b) 2 (c) 6 (d) 3
In a certain region of space, the gravitational field
is given by —% /r, where r is the distance and % is a
constant. If the gravitational potential at r = r;, be
V,, then what is the expression for the
gravitational potential V' ?
@wm%r] @MMJ@]

T r

0

() V, + klog (’")

o

d) V, + klog (Ej
r

A particle of mass m is placed at the centre of a
uniform spherical shell of mass 3 m and radius R.
The gravitational potential on the surface of the
shell is

Gm 3Gm
@R ® "k

4Gm 2Gm
Ok Ok

The kinetic energy needed to project a body of mass

m from the earth’s surface (radius R) to infinity is
[AIEEE 2002]

mgR mgR

(a) 5 (b) 2mgR  (c) mgR (d)

Energy required to move a body of mass m from an
orbit of radius 2R to 3R is [AIEEE 2002]

GMm GMm
@ 12R? ®) 3R*
GMm GMm
T q) 22
(0 SR (d) R



48.

49.

50.

51.

52.

53.

A mass m is placed at a point B in the gravitational
field of mass M. When the mass m is brought from
B to near point A, its gravitational potential energy
will

(a) remain unchanged
(c) decrease

(b) increase
(d) become zero

The gravitational potential difference between

the surface of a planet and a point 20 m above it is
14 J kg!. The work done in moving a 2.0 kg mass
by 8.0 m on a slope of 60° from the horizontal, is

equal to
(@) 7d () 9.6d
() 164 (d) 32J

IfW;, W, and W, represent the work done in moving
a particle from A to B along three different paths 1,
2 and 3 respectively (as shown) in a gravitional
field of point mass m, then

A 3

@ W, =W,=W,
(b) W, >Wy> W,
W, >Wy< W,
(d) W, <Wy< W,

The mass of the earth is 6.00 x 10?2 kg. The
constant of gravitation G = 6.67 x 10"! Nm%kg 2.
The potential energy of the system is —7.79 x 1028 J.
The mean distance between earth and moon is

(a) 3.80 x 108 m

(b) 3.37 x 106 m

(c) 7.60 x 104 m

(d) 1.90 x 102 m

If g is the acceleration due to gravity on the earth’s

surface, the gain in the potential energy of an
object of mass m raised from the surface of the
earth to a height equal to the radius R of the earth,

is [AIEEE 2004]
() 2mgR () %ng
© ing (d) mgR

The change in potential energy when a body of
mass m is raised to a height nR from the centre of
earth (R = radius of earth)

(a) mgR "= (b) nmgR
n
n2 n
R d)y mgR—"—
(c) mg B (d) mg —]

54.

55.

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. (Take, G = 6.67x 107" Nm? / kg?)
(a) 13.34x 10710 J [AIEEE 2005]
(b) 3.33x 1071°J

(¢) 6.67x 107°d

(d) 6.67x 1071°J

A body of mass m rises to a height 2 = R/5 from the
surface of earth, where R is the radius of earth. If g
is the acceleration due to gravity at the surface of
earth, the increase in potential energy is

(a) (4/5) mgh (b) (5/6) mgh

(c) (6/7) mgh (d) mgh

Motion of Satellite and
Escape Velocity

56.

57.

58.

59.

What is the minimum energy required to launch a
satellite of mass m from the surface of a planet of
mass M and radius R in a circular orbit at an
altitude of 2R? [JEE Main 2013]

5GmM 2GmM
(a) °R (b) 3R

GmM GmM

Jmas q 27
(0 2R (d) 3R

A solid sphere of mass M and radius a is
surrounded by a uniform concentric spherical shell
of thickness 2a and 2M. The gravitational field at
distance 3a from the centre will be [JEE Main 2019]

GM 2GM
(a) W (b) 902
GM 2GM
— d
(c) 342 (d) 342

Two planets have masses M and 16 M and their
radii are a and 2a, respectively. The separation
between the centres of the planets is 10a. A body of
mass m is fired from the surface of the larger
planet towards the smaller planet along the line
joining their centres. For the body to be able to
reach at the surface of smaller planet, the
minimum firing speed needed is [JEE Main 2020]

(a) 2 GM (b) 4 GM
a a

GM? 3 [6GM

O\ ma Doa

The ratio of the radii of the planets P, and B, is a.

The ratio of their acceleration due to gravity is b.
The ratio of the escape velocities from them will be

(a) ab (b) Vab
(¢)yald (d)Jbla



60.

61.

62.

63.

64.

65.

66.

The escape velocity for a body projected vertically
upwards from the surface of the earth is 11.2
kms L. If the body is projected in a direction
making an angle of 45° with the vertical, the escape
velocity will be
(a) 11.2 kms!

(c) 11.2 x 2 kms!

() 11.2 x4/2 kms!
(d) 11.2/4/2 kms~!

The escape velocity of a body depends upon mass as
(a) m° (b) m! [AIEEE 2002]
© m? @ m®

The time period of an earth satellite in circular
orbit is independent of [AIEEE 2004]
(a) the mass of the satellite

(b) radius of its orbit

(c) both the mass and radius of the orbit

(d) neither the mass of the satellite nor the
radius of its orbit

If suddenly the gravitational force of attraction

between earth and a satellite revolving around it

becomes zero, then the satellite will [AIEEE 2002]

(a) continue to move in its orbit with same velocity

(b) move tangentially to the original orbit with the
same velocity

(c) become stationary in its orbit

(d) move towards the earth

A satellite S is moving in an elliptical orbit around

earth. The mass of the satellite is very small

compared to the mass of the earth?

(a) The acceleration of S is always directed towards
the centre of the earth

(b) The angular momentum of S about the centre of
the earth changes in direction but its magnitude
remains constant

(¢) The total mechanical energy of S varies
periodically with time

(d) The linear momentum of S remains constant in
magnitude

A satellite of mass M is in a circular orbit of radius
R about the centre of the earth. A meteorite of the
same mass falling towards the earth collides with
the satellite completely inelastically. The speeds of
the satellite and the meteorite are the same just
before the collision. The subsequent motion of the
combined body will be [JEE Main 2019]
(a) in the same circular orbit of radius R

(b) in an elliptical orbit

(c) such that it escapes to infinity

(d) in a circular orbit of a different radius

Satellites orbiting the earth have finite life and

sometimes debris of satellites fall to the earth. This

is because, [NCERT Exemplar]

(a) the solar cells and batteries in satellites run out

(b) the laws of gravitation predict a trajectory
spiralling inwards

67.

68.

69.

70.

71.

72.

73.

(c) of viscous forces causing the speed of satellite and
hence height to gradually decrease

(d) of collisions with other satellites

The escape velocity from the earth is 11 kms™. The
escape velocity from a planet having twice the
radius and the same mean density as the earth
would be

(a) 5.5 kms-!
(c) 15.5 kms!

(b) 11 kms!
(d) 22 kms!

The mass of the moon is 1/81 of earth’s mass and
its radius 1/4th that of the earth. If the escape
velocity from the earth’s surface is 11.2 kms™, its
value for the moon will be

(a) 0.15 kms! (b) 5 kms!
(c) 2.5 kms! (d) 0.5 kms!
Two satellites A and B have masses m and 2m,

respectively. A is in a circular orbit of radius R and
Bis in a circular orbit of radius 2R around the
earth. The ratio of their kinetic energies, T, / T} is

[JEE Main 2019]
1
(© 5

(d 1
A satellite is revolving in a circular orbit at a
height & from the Earth’s surface (radius of Earth
R, h < < R). The minimum increase in its orbital
velocity required, so that the satellite could escape
from the Earth’s gravitational field, is close to
(Neglect the effect of atmosphere) [JEE Main 2017]

(a) V2gR () /gR
ONFT) (@) VgR (2 -1)
Planet A has mass M and radius R and planet B

has half the mass and half the radius of planet A.
If the escape velocities from the planets A and B

1
@) 5 (b) 2

arev, and vy respectively, then Ya _ % The value
Up
of nis

(a) 1 (b) 2

A satellite is in an elliptical orbit around a planet
P. 1t is observed that the velocity of the satellite
when it is farthest from the planet is 6 times less
than that when it is closest to the planet. The ratio
of distances between the satellite and the planet at
closest and farthest points is [JEE Main 2020]

(a) 1:6 (b) 1:3 () 1:2 (d) 3:4

A body is moving in a low circular orbit about a
planet of mass M and radius R. The radius of the
orbit can be taken to be R itself. Then, the ratio of

the speed of this body in the orbit to the escape
velocity from the planet is [JEE Main 2020]

(@)1 () V2 @ 2

[JEE Main 2020]

(© 3 d 4

1
(b)ﬁ



74.

75.

A satellite of mass m revolves around the earth of
radius R at a height x from its surface. If g is the
acceleration due to gravity on the surface of the
earth, the orbital speed of the satellite is [AIEEE 2004]

sR
b) &
(a) gx (b) R_x
2
gR? gR*
d
© R+ ( )(R +x
A satellite is moving with a constant speed v in

circular orbit around the earth. An object of mass m
is ejected from the satellite such that it just escapes
from the gravitational pull of the earth. At the time
of ejection, the kinetic energy of the object is

[JEE Main 2019]

() %mvz () 2mv?

(c) mv? (d) %va

Kepler’s Laws

76.

77.

If the radius of earth’s orbit is made (1/4)th, then
duration of an year will become

(a) 8 times (b) 4 times

(¢) (1/8) times (d) (1/4) times

In our solar system, the inter-planetary region has

chunks of matter (much smaller in size compared to

planets) called asteroids. They [NCERT Exemplar]

(a) will not move around the sun since they have very
small masses compared to sun

(b) will move in an irregular way because of their
small masses and will drift away into outer space

(¢) will move around the sun in closed orbits but not
obey Kepler’s laws

(d) will move in orbits like planets and obey Kepler’s
laws

ROUND Il

Only One Correct Option

1.

A rocket of mass M is launched vertically from the
surface of the earth with an initial speed v.
Assuming the radius of the earth to be R and
negligible air resistance. The maximum height
attained by the rocket above the surface of the earth,

gR _ s8R _
R TS

28R 28R
(c) R/( . 1] (d)R( . 1)

. A spherical symmetric gravitational system of

poforr<R

articles has a mass density p =
partt 1y p 0 forr>R

78.

79.

80.

81.

82.

The time period of a satellite of earth is 5 h. If the
separation between the earth and the satellite is
increased to 4 times the previous value, the new
time period will become [AIEEE 2003]

(a) 10h  (b) 80h () 40h @ 20h

A geostationary satellite is orbiting around an
arbitrary planet P at a height of 11 R above the
surface of P, R being the radius of P. The time
period of another satellite (in h) at a height of 2R

from the surface of Pis ...... . P has the time period
of 24 h. [JEE Main 2021]
@62 B> B3 @5

V2
The period of revolution of planet A around the sun

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

(a) 2 ()3 (c) 4 5

The largest and the shortest distance of the earth
from the sun are r; and 7, its distance from the sun
when it is perpendicular to the major axis of the
orbit drawn from the sun, is

n+r nr. 2nr.
(@+—2 (b2 € —= (d)

4 ntry ntry

oty
3

A comet of mass m moves in a highly elliptical orbit
around the sun of mass M. The maximum and
minimum distances of the comet from the centre of
the sun are r; and r, respectively. The magnitude of
angular momentum of the comet with respect to the
centre of sun is

(a) |: GMrl :|1/2 |:GMmr1 :|1/2
(n+1y) (n+1y)
1/2 1/2
© {Zszrer} ) {2GMm2r1r2}
Aty (n+1y)

Mixed Bag

where p is a constant. A test mass can undergo
circular motion under the influence of the
gravitational field of particles. Its speed v as a
function of distance r(0 < r < o) from the centre of

the system is represent by
v v

() i: )
I r —R r
© k @ ‘\
4 I R

r




. The correct graph representing the variation of
total energy (E), kinetic energy (K) and potential
energy (U) of a satellite with its distance from the
centre of earth is

(a)

—————r ()

o Energy
o Energy
{‘

o Energy
x

©

. A simple pendulum has a time period 7; when on

the earth’s surface and 7; when taken to a height
2R above the earth’s surface when R is 2R above
earth’s surface where R is the radius of the earth.
The value of (T}/ T;) is [Kerala CET 2006]
() 1/9
©+3

. The escape velocity on the surface of earth is

11.2 kms™. If mass and radius of a planet is 4 and 2
times respectively, than that of earth, the escape
velocity on the planet [BVP Engg. 2006]
(a) 11.2 kms!?

(b) 1.12 kms!

(c) 22.4 kms!

(d) 15.8 kms!

. The time period of a geostationary satellite at a
height 36000 km is 24 h. A spy satellite orbits very
close to earth surface (R = 6400 km). What will be
its time period? [Orissa JEE 2008]
(a)4h ) 1h

(©2h (d1.5h

. Infinite number of masses, each of 1 kg are

placed along the x-axis at x = +1m, £2m,¥4 m,
+8m, +16m... The magnitude of the resultant
gravitational potential in terms of gravitational
constant G at the origin (x = 0) is [Kerala CET 2008]
(a) G/2 ®) G

©2G d4G

) 1/3
9

. Halley’s comet has a period of 76, had a distance of
closest approach to the sun equal to 8.9 x 101 m.
The comet’s farthest distance from the sun, if the
mass of sun is 2 x 103 kg and g = 6.67 x 10! in
MKS units is

(a) 2 %102 m

() 2.7x 10* m

(¢)5.3x 102 m

(d)5.3%x 10 m

10.

11.

12.

13.

. The potential energy of gravitational interaction of

a point mass m and a thin uniform rod of mass M
and length [, if they are located along a straight
line at distance a from each other is

@)U = GMm loge(a+ l)
a a

b U =GMm (l—i)
a

a+l
©U = GMm log, (L”)
[ a

GMm

DU =-

The work that must be done in lifting a body
of weight P from the surface of the earth to a height

his . .
PR R+

® % ® 5rn
PR R-h

(© (d) —
R+h PRA

A spaceship is launched into a circular orbit close to
earth’s surface. The additional velocity that should
be imparted to the spaceship in the orbit to
overcome the gravitational pull is (Radius of earth
=6400 km and g = 9.8 ms™?)

(a) 11.2 kms!? (b) 8 kms!

(c) 3.2 kms! (d) 1.5 kms!

Two identical thin rings each of radius R are
coaxially placed at a distance R. If the rings have
a uniform mass distribution and each has mass

m; and m, respectively, then the work done in
moving a mass m from centre of one ring to that of
the other is

m
mp

K——R—I
Gmm, (2 +1) Gm (m, —my) (2 -1)
(@) —— R (b) R
(o G2t my) ;’:1 +my) (d) zero

Four particles, each of mass M and equidistant
from each other, move along a circle of radius R
under the action of their mutual gravitational
attraction, the speed of each particle is

[JEE Main 2014]
GM GM
—_— 2 27
@) - ) 242 -
GM
— 1 +2+2
& 2)

1 [GM
G 3 /?(uzﬁ)



14.

15.

16.

17.

18.

A thin uniform annular disc (see figure) of mass M
has outer radius 4 R and inner radius 3 R. The
work required to take a unit mass from point P on
its axis to infinity is

P
4Fi’

(a )m—M@f 5) (b)—ZG—M@f 5)

2 GM
(C) E @ = G2-1)

If satellite is revolving around a planet of mass M
in an elliptical orbit of semi-major axis a, find the
orbital speed of the satellite when it is at a distance
r from the focus.

(a) v2=GMF—l} (b) 02=GM{%—l}
roa r a

© v2=GMP2—i2} @ vZ=GMF_i2}
r a roa

The gravitational force between a point like mass
M and an infinitely long, thin rod of linear mass
density perpendicular to distance L from M is

MGx 1 MG).
(a) (b) 5 T
(© 2 ]‘;G A (d) infinite

The acceleration due to gravity on the earth’s
surface at the poles is g and angular velocity of the
earth about the axis passing through the pole is ®.
An object is weighed at the equator and at a height
h above the poles by using a spring balance. If the
weights are found to be same, then % is (h << R,
where R is the radius of the earth)  [JEE Main 2020]
2 2 2 2 2 2 2 2
@ B gy B B g KO

Two equal mases m and m are hung from balance
whose scale pans differ in vertical height by A.
Calculate the error in weighing, if any, in terms of
density of earth p.

—~ e/

)
h
_L _____________ m

(@) % TpR*Gm ) 2 npGmh

© gnpRBGm @ ganmzh

19.

20.

21.

22.

23.

How will you weight the sun, i.e. estimate its mass?
You will need to know the period of one of its
planets and the radius of the planetary orbit. The
mean orbital radius of the earth around the sun is
1.5 x 108 km, then the mass of the sun is

[NCERT Exemplar]
(b) 5 x 10kg

(d) 3x10% kg

(a) 4 x10°° kg
(©)2x10°° kg

Two satellites S; and S, revolve around a planet in

coplanar circular orbits in the same sense. Their
periods of revolution are 1 h and 8 h respectively.
The radius of orbit of S; is 10* km. When S, is
closest to S, the speed of S, relative to S; is

(@) tx10* km h™*

®)2nx10* kmh!

()31 x10* kmh™*

(d)4nx10* kmh™'

If a planet was suddenly stopped in its orbit, %
suppose to be circular, find how much time will it
take in falling onto the sun.

(a) v/2 /8 times the period of the planet’s revolution
(b) 4v/2 times the period of the planet’s revolution
(c) 3+/2 times the period of the planet’s revolution
(d) 9 times the period of the planet’s revolution

Distance between the centres of two stars is 10 a.
The masses of these stars are M and 16 M and
their radii a and 2a respectively. A body of mass m
is fired straight from the surface of the larger star
towards the smaller star. The minimum initial
speed for the body to reach the surface of smaller
star is

K 10a N
(@) E,IG—M OF 5(;
©2 5iM @ M

The mass density of a planet of radius R varies
with the distance r from its centre as

p(r)=pyl 1 - Rz} then the gravitational field is

maximum at

(a)r=\/§R o r=R

5 1
(c)r—\gR (d)r—ﬁR

[JEE Main 2020]



24. Abody A of mass m is moving in a

circular orbit of radius R about a planet. Another
body B of mass % collides with A with a velocity

which is half (g), the instantaneous velocity v of A.
The collision is completely inelastic, then the
combined body [JEE Main 2020]
(a) escapes from the planet’s gravitational field

(b) starts moving in an elliptical orbit around the
planet

(c) falls vertically downward towards the planet
(d) continues to move in a circular orbit

25. Two stars of masses 3 x 10%* kg each and at

distance 2 x 10'* m rotate in a plane about their
common centre of mass O. A meteorite passes
through O moving perpendicular to the star’s
rotation plane. In order to escape from the
gravitational field of this double star, the minimum
speed that meteorite should have at O is (Take,
gravitational constant, (G =667 x 107! N-m?kg?)

[JEE Main 2019]
(b) 38 x10* m/s

(d)1.4%x10° m/s

(a) 2.8 x10° m/s
(©)2.4x10* m/s

26. A satellite is moving in a low nearly circular orbit

around the earth. Its radius is roughly equal to
that of the earth’s radius R,. By firing rockets
attached to it, its speed is instantaneously
increased in the direction of its motion, so that it

becomes \/g times larger. Due to this, the farthest

distance from the centre of the earth that the
satellite reaches is R. Value of Ris  [JEE Main 2020]
(a) 4R, (b) 25R,

(¢) 3R, (d) 2R,

27. From a solid sphere of mass M and radius R, a

spherical portion of radius R/2is removed as
shown in the figure. Taking gravitational potential
V =0at r = =, the potential at the centre of the
cavity thus formed is (G = gravitational constant)

[JEE Main 2015]
=z
/

-GM -GM
T O

-2GM -2GM
©—7% & —

28.

29.

30.

31.

32.

On the X-axis and at a distance x from the origin,

the gravitatiolglal field due to a mass distribution is
X

2 +a?)¥?
magnitude of gravitational potential on the X-axis

at a distance x, taking its value to be zero at
infinity, is [JEE Main 2020]

given by in the x-direction. The

(a) m b) A+ a???
(c) (362_'_71?12)3/2 d) A+ az)u2

The mass density of a spherical galaxy varies as K
r

over a large distance r from its centre. In that

region, a small star is in a circular orbit of radius

R. Then, the period of revolution T depends on R as
[JEE Main 2020]

(@ Te< R M) T? <« R
(© T? =R ) T° x%

A test particle is moving in a circular orbit in the
gravitational field produced by mass density

p(r) = = Identify the correct relation between the

radius R of the particle’s orbit and its period T
[JEE Main 2019]
T2
(a) — 1s a constant

)is

(¢) TR is a constant

(b) % is a constant
(d) T is a constant
R

A spaceship orbits around a planet at a height of
20 km from its surface. Assuming that only
gravitational field of the planet acts on the
spaceship, what will be the number of complete
revolutions made by the spaceship in 24 h around
the planet?

(Take, mass of planet = 8 x 10? kg, radius of planet
=2x10°% m and gravitational constant
G =667 x10 ' N-m?/ kg?

(@) 11 ®) 17 © 13

A rocket has to be launched from earth in such a
way that it never returns. If E is the minimum
energy delivered by the rocket launcher, what
should be the minimum energy that the launcher
should have, if the same rocket is to be launched
from the surface of the moon? Assume that, the
density of the earth and the moon are equal and
that the earth’s volume is 64 times the volume of the

[JEE Main 2019]
(d) 9

moon. [JEE Main 2019]
E E

(a) 674 () TG
E E
= d) =

(© 29 (d) 1



33.

A satellite of mass m is launched vertically
upwards with an initial speed u from the surface of
the earth. After it reaches height R

(R =radius of the earth), it ejects a rocket of mass

%, so that subsequently the satellite moves in a

circular orbit. The kinetic energy of the rocket is
(G is the gravitational constant, M is the mass of
the earth) [JEE Main 2020]

2 2
3m 5 GM m 2GM
@ 8(“\/63) ® 20(\/33)

© ﬁ(u2+EG7M) () 5m(u2_gG7M)
20 200 R 200 R

Numerical Value Questions

34.

The radius in kilometre to which the present radius

of earth (R = 6400 km) to be compressed, so that the

escape velocity is increased to ten time is km.
[JEE Main 2021]

37.

38.

satellite is stopped suddenly in its orbit and
allowed to fall freely onto the earth, then speed (in
ms ) with which it hits the surface of the earth is
JEkgR. The value of kis ...... . (Take, g =9.8 ms ™
and R =6.4x 10° m)

An asteroid is moving directly towards the centre of
the earth. When at a distance of 10 R (R is the
radius of the earth) from the earth’s centre, it has a
speed of 12 km/s. Neglecting the effect of earth’s
atmosphere, what will be the speed of the asteroid
when it hits the surface of the earth (escape
velocity from the earth is 11.2 km/s)? Give your
answer to the nearest integer (in km/s) ......... .

[JEE Main 2020]

Inside a fixed sphere of radius R and uniform R
density p, there is a spherical cavity of radius 5
such that, the surface of cavity passes through the

centre of the sphere as shown in the figure. A
particle of mass m, is released from rest at centre B

35. .If one Wgnts to remove all} the mass of the earth to of the cavity. The velocity with which particle
infinity in order to break it up completely. Thg W
amount of energy that needs to be supplied will be strikes the centre A of sphere is ¥ The
x GM? ) JB
5 R where xis ......... . (Round off to the value of Bis ......... '
nearest integer)

(Here, M is the mass of earth, R is the radius of
earth and G is the gravitational constant).
[JEE Main 2021]

36. An artificial satellite is moving in a circular orbit
around the earth with a speed equal to half the
magnitude of escape velocity from the earth. If the

Answers
Round I
1. (b) 2. (a) 3. (d) 4. (b) 5. (b) 6. (@) 7. (b) 8 (© 9. (d) 10. (c)
11. (b) 12. (d) 13. (@) 14. (¢) 15. (c) 16. (c) 17. (@) 18. (b) 19. (c) 20. (c)
21. (b) 22. (d) 23. (b) 24. (c) 25. (c) 26. (c) 27. (@) 28. (c) 29. (@) 30. (c)
31. (c) 32. (c) 33. (c) 34. (a) 35. (c) 36. (a) 37. (d) 38. (b) 39. (c) 40. (b)
41. (c) 42. (¢) 43. (c) 44. (¢) 45. (c) 46. (¢) 47. (d) 48. (¢) 49. (b) 50. (@)
51. (a) 52. (b) 53. (a) 54. (d) 55. (b) 56. (a) 57. (c) 58. (d) 59. (b) 60. (a)
61. (@) 62. (@) 63. (b) 64. (@) 65. (b) 66. (c) 67. (d) 68. (c) 69. (d) 70. (d)
71. (d) 72. (a) 73. (b) 74. (d) 75. (c) 76. (c) 77. (d) 78. (c) 79. () 80. (b)
81. (c) 82. (d)
Round II
1. () 2. (c) 3. () 4. (b) 5. (d) 6. (d) 7. (d) 8 () 9. () 10. ()
11. (¢ 12. ) 13 (@d) 14. (@) 15. (@) 16. (c) 17. (@) 18. (b) 19. (© 20. (a)
21. (a) 22.(b) 23 (c) 24. (b) 25. (a) 26. (d) 27. (b) 28. (a) 29. (c) 30. (d)
31. (@) 32.() 33 (d) 34. 64 35. 3 36. 1 37. 16 38. 3




Solutions

Round I

1.

o GM .
Gravitational force :(?gl) provides the necessary

centripetal force (i.e.mRw?)

GMm 9 21\ 4n’nR
SO, W:me sz(7j = TZ
o - 4 2R/
GM
ie T? < R??

Let Rbe the original radius of a planet. Then attraction
on a body of mass m placed on its surface will be

If radius of the planet is made double, i.e. R” =2 R, then
mass of the planet becomes

M’=§n(2R)3p=8x§nRSp=8M
GM2m=G><8M2><m:2F
R @R)

i.e. Force of attraction increases due to the increase in
mass of the planet.

New force, I’ =

From the figure, the gravitational intensity due to the
ring at a distance d =+/3 Ron its axis is

"y

_ GMd _ GMx~<3R 3GM

- (d2+ R2)3/2 - (3R2+ R2)3/2 - S R2

J3GM 3GM?*

8R* R

GMm
@R’
where M and m are masses of the solid sphere and
particle respectively and R is the radius of the sphere.
The gravitational force on particle due to sphere with

cavity = force due to solid sphere creating cavity,
assumed to be present above at that position.

. GMm GM/8)m 7 GMm
i.e F,= o = — 5
4R BR/2) 36 R

F, 7GMm [[GMm) 17
SO, —= = 5 5 —
F, 36R 4R 9

Force on sphere = @ M) x E = (8 M) x

Gravitational force due to solid sphere, F; =

5. Moon is revolving around earth in almost circular orbit.
Sun exerts gravitational pull on both, earth and moon.
When observed from sun, the orbit of the moon will not
be strictly elliptical because the total gravitational force
(i.e. force due to earth on moon and force due to sun on
moon) is not central.

6. The earth is revolving on circular orbit around sun due
to gravitational force (F') which acts along the radius of
circular path, towards the sun, i.e. angle between
rand Fis zero. As,

Torque, |t|=|rxF|=r Fsin0° =0
Therefore, torque is zero.
7. Here, m; =my =100 kg,r =100 m

Acceleration of first astronaut,

_Gmmy, 1 Gm,
4 = 2 -2
r ml r
Acceleration of second astronaut,
_Gmm, 1 Gm
A= 2 =7
r mqy r

Net acceleration of approach,

a=a;+ay= Gn212+ Gn;l = ZG;nl [ my =myl
r r
_2x(6.67x107'")x100
N (100)>
=2x6.67x10""% ms?
As, s=lat2

25)"? 2x(1/100) "2
=|—| =" 55| second
a 2x6.67x10
On solving, we get t =1.41 days

8. Resultant force on mass m due to masses at A and Bis
G2M xm GMm
F= 2 2
(AB) (BC)
move towards 2M.

towards BA. Therefore, m will

9. Gravitational force between sphere of mass M and the
particle of mass m at Bis

G Mm
If M, is the mass of the removed part of sphere, then
3
Mlzén(gjpzl(énRgp):% -‘-p:#
3 2 8\3 8 3 R

k——d —



Gravitational force between the removed part and the
particle of mass m at Bis

_ GMm GWMI/8ym  GMm
2 (d-R/2? (d-R/2)? 8(d-R/2)*
*. Required force,
F:Fl_FZZGIV.;m_ GMm ;
d 8[d-(R/2)]
GMm 1
T 1- %
8|1-—
(-3

10. Given, situation is

Force of attraction between mass m and an elemental
mass dm of rod,
Gmdm Gm (A+ Bx?) dx

x? x?

dF =

a dm

4% X

m

ax

e a4+l ——

Total attraction force is sum of all such differential
forces produced by elemental parts of rod from x = a to
x=a+ L.

x= a+LGm(A+Bx)d

x2

=Gm x:a+L(é+B) dx

x=a xz

Fdej

x=a+L

x=a

Gm[— é + Bx}
x
Gm( -4

Gm

7 +B(a+L)+é—Ba)

+

A
a a+L

=Gm{A(1— 1 J+BL}
a a+L

11. In given configuration of masses, net gravitational force
provides the necessary centripetal force for rotation.

+ BL)

M
A B
Fea
Fap 45
O'

7/

//
v (b/
///‘&V

Dy C
k——a—i

Fac

Net force on mass M at position B towards centre of
circle is

FBO(net) =FBD + FBASin45° + FBC cos 45°

_ GM* +GM2(L)+ GMz(iJ
“2a)*  o® 2 a? \V2
[where, diagonal length BD is +/2q]
GM?* GMZ( 2 j GMZ(l j
= + — | = — + \/5
2a? a® V2 a? \2

This force will act as centripetal force.

. . . . a
Distance of particle from centre of circle is —.

V2
Here. F'. .. MV M 2Mv? ("r—i)
> & centripetal i a . \/g
V2

So, for rotation about the centre, Fioppipetar = Fpomet)

2 2
a

a

9 GM( 1) GM
=——|1+—|=—-(1.35
- v a 2\/7 a ( )
= v=1.16 G—M
a

12. A person is safe, if his velocity while reaching the
surface of moon from a height A’ is equal to its velocity
while falling from height A on earth. So,

J2gh =,2¢gh
or w=8"_98x 3 _15m
g’ 1.96
13. When the thief with box on his head jumped down from
a wall, he along with box is falling down with
acceleration due to gravity, so the apparent weight of
box becomes zero, (because, R=mg-mg=0), so he
experiences no load till he reaches the ground.
GM
g, S8R, R

14. As, 2 = 5= —% ...(1)
g8 GMI/R; S8R,
Given, mgy, _ 1
mg, 6
g, 1 .
omo= ...(11)
g 6
From Egs. (1) and (i1), we get
R 1
SR: 6

or R, = Rm\/g
6

15. Mass of earth = Volume x Density

GM 4
As =S
S g B (3 p
_ 4G nR? or _(4GnR)
3 B p g 3 p

[where, p = average density]

= go<p Or pe<g



16. Acceleration due to gravity at height A,

gh=g(1—ﬁ) [if h<<R]...()

R
Acceleration due to gravity at depth d,
d ..
= 1-— L
84 g( R) (i)
As per statement of the problem,
8h =84
. 2h d
.e 1-—|= 1-—
ne 8 ( R j # ( R)
= 2h=d

17. If the earth is an approximate sphere of non-uniform
density, then the centre of gravity of earth will not be
situated at the centre of earth. The distance of different
points on earth will be at different distances from the

centre of gravity of earth. As, g = G—Jy or g o< %, S0 gis
r r

different on different points on the surface of earth but
never zero.

18. Below the sea level the pressure is increasing with
depth in mine due to presence of atmospheric air there.
The acceleration due to gravity below the surface of the
earth decreases with the distance from the surface of

d
th th, '=gll-—|
e earth, as g g( Rj

19. When a sphere of mass m is released in a liquid, it falls

vertically down with acceleration = mg=Fp
m
4_3 4 5
2 nrdde — =
3" T3P @d-p)e
éTtrzd d
3
20 As & =1 2h oy 2x820_, 1 _9
g R 6400 10 10
~. % decrease ing:(g'g)xmo:lioxwo:lo%
2
21. Given, g,=9= sk 2=20X20
(R+ R/20)* 21x21
Ix21x21
or =
20%x20
d
Now, =g|l-—
84 g( Rj
_9><21><21(1_R/20)
20x20 R
=9.5 ms™>

22. As, value of g at internal point which is at a distance x

from the centre is given by
GM

§=—5x

R
When x =0, then g’ =0.

23. The value of acceleration due to gravity at a height A
reduces to =100-36 =64% = 64 g
100

64 _ e
100 °  (R+h)?
8 R R
or — = or h==
10 R+h 4

24. Mass of two planets is same, so

4 4
“nRp, =-mn
3 101 3 2P2

13 U3
or  Bi_[P2 =(1J _1
R, (p 8 2

a_GMIR (B o,
g GMI/R; \R
= g:8,=4:1
2
25. As, g =G _, ,_GM_GM 00"
R R?  (9°R
(g~ 8)x100

% Increase in g =
8

, 2
=(§—1jx100= (@) ~1{x100
g 99
1 2
- [1+f) ~1[x100~2%
99

26. Force acting on a body of mass M at a point at depth d
inside the earth is

d
F=mg = 1-2
g =mg (14

mGM (R-d\ GMm
= 7 ( 7 jz 7 r (-R-d=r)
So, F «<r; Given F o< 1"
Clearly, n=1

27. As, value of acceleration due to gravity above the earth
surface is g.

g= GM
(R + h)?

Acceleration due to gravity at height A

g GM R R\
= —_—= — :g

9 R? (R+h)? R+h

1 (R Y R 1
= —_= = = _

9 \R+h R+h 3
= 3R=R+h= 2R=h

28. Inside the earth’s surface, g = (;3—]‘4 r,ie gor

. . 1
Outside the earth’s surface, g = G—T, e go< —
r r

So, till earth’s surface g increases linearly with
distance r, shown only in graph (c).



29. At depth d from the surface of the earth = h*+Rh-R*=0

’ ~R+ \|R? - 4(1)(-R?
g/:g(l_i) - - "REJR 4R
R [2(1)
-R+ VJ5R
Given, g’=ﬁg=§g = h=—1—""
o e ’ R++5R 5R-R
Then 38 _ g (1 _EJ As h is a positive number, h = — * V5 or -
’ 4 R 2 2
34, As o' = 10g 90
On solving, we get - 88, 8 =87 100 100 g
a=B R*
s g=8———
(R+h)
30. Error in weighing = mg-mg’ =mg - mg(l —%) or 9 _ R’
R 10 (R+h)?
_mg2h m2hg 3 R
== or —=
R R J10 R+h
4 9
G-1R or h=(10-3)R/3
_m2h, 3 5 " _8nGomh (/10 -3) x6400
R R 3 =5 = 345.60 km
F o D2
31. At equator, g’'= g~ Ro 35. Acceleration due to gravity at height A,
When angular velocity be o (= xw), then g’ =0 ¢ =g ( 1— ﬁ)
Since, at equator, ! R
g =g-0?R Acceleration due to %lravity at depth A,
or o =./g/R =x0 g2=g(1—§)
N AR
6 A I = — = I
o =‘/10/(§'4X10)x24x60x60=17 g, 1-hIR R R R
m
- 8L decreases linearly with hA.
32. When there is a weightlessness in the body at the 82
equator, then g’ =r - Rw®=0 36. Given. ™8 380 .8 _1
or o=.g/Rand mg 90 f 3
linear velocity Now, g=g >
—wR=(/g/R) R=gR () (R2+ h)
- KE of rotation of earth = - Jo? = - x 2 MR?x 0 or g R 1, B _1
. of rotation of ea =5 =575 g ®R+n)?’ 3" R+n B
~ 1 vgr [from Eq. (i)] or (R+h)=\3R
5 or h=(3-1)R=0.73R
33. Acceleration due to gravity at height A above earth’s 37. Let mass of given body is m, then it’s weight on earth’s
surface is surface =mg,
g, =g 7]{2 where, g, = acceleration due to gravity on earth’s
h (R + h)? surface and weight on the surface of planet = mg,,
) ) where g = acceleration due to gravity on planet’s
Also, acceleration at depth d = h below surface is surface.
d h
g4 = g(]_ - —) = g(l ——) Given, mée _ g 8 9
R R mg, 4 g, 4
Given, weight of body at height A = weight of body at GM )
depth A
But g:G , S0 we have R _9
So, mgy, =mgq = &, =8a R? ( j 4
2 2
:gLZ =g(1—ﬁ):>L2=1—ﬁ RZ
R+ h) R R+ h) R
where, M = mass of earth, R =radius of earth,
= R =[R-h)(R+ h)?

M, = f planet = X (given)
= R® =(R® - hR® + h®R - h® + 2R*h — 2RK?) p = mass of planet =~ given



38.

39.

40.

41.

42.

and R, =radius of planet.
2

R? R
M, R’ 4 R) 4
R
= fp 1 _ER

= R
R 2 L]
The relation of gravitational acceleration at an altitude
h above the earth’s surface is given as

— 1+i72
8n=8 R

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

Given that at some height A, acceleration due to
gravity,

gh=4.9m/szz§ )

.. The ratio of acceleration due to gravity at earth’s
surface and at some altitude A is

h) |& _

%:ﬁ_l or h=0414x R,

e
h =0.414x 6400 km
(. Given, radius of earth, R, =6400 km =64 x 10% m)
or h =26496km =26 x10° m
Thus, at 2.6x 10° m above the earth’s surface,
acceleration due to gravity decreases to 4.9 m/s%

As, dV =-E dx

[from Eq. ()]

V2 /2
or V:—J.x/ zdez—j/ ka_sdxzk/x2

Intensity of gravitational field at a point inside the
spherical shell is zero

I=0uptor=a
outside the shell, I « % where r > a
r
If x 1s the distance of point on the line joining the two

masses from mass m, where gravitational field
intensity is zero, then

Gm;  Gm,
(r—x)z_ x?

or 2 8 o 1.2
©O-x? & 9-x «x

On solving, x =6 m

Let x be the distance of point from the smaller body
where gravitational intensity is zero.
Gm; Gm,
(1-x)? %2

or x_@_/lOOO _ 1
1-x my 100000 10

or 10x=1-xor x=(1/11)m

43.

44.

45.

46.

47.

Gravitational field of a solid sphere is maximum at its
surface (r = R) and its value at surface,

From graph given in the question,

E

3

\

1 2 R
We can observe that,
1 =G]Wzl =2and E, = G]W22 =3
@) @

or GM, =2 ...
and GM,=12 ...(>11)
On dividing Eq. (i) by Eq. (ii), we get

M _2_1

M, 12 6
Here, I = —ﬂ =—k/r or dV = kﬂ

dr r

Integrating it, we get
[Vav=[ e
Vo noor
or V =V, + klog(r/r)

Gravitational potential on the surface of the shell is
V = Gravitational potential due to particle (V)

+ Gravitational potential due to shell particle (V)
__Gim_'_(_GSm) __4Gm
R R R

The minimum kinetic energy required to project a body
of mass m from earth’s surface to infinity is known as
escape energy. Therefore,

KE= MM _ L or [ ngGMe}
R
Gravitational potential energy of body will be
Ee_ GMm
r
where, M = mass of earth,
m = mass of the body
and r = radius of earth.
At r=2R,
__GMm
L)
At r=3R,E,=- Gﬂ
BR)



Energy required to move a body of mass m from an
orbit of radius 2 Rto 3 Ris

AE=GMm 1 1) GMm
R |2 3] 6R

48. Gravitational potential energy of a body in the

-GMm
. When r decreases

gravitational field, E =
r

negative value of E increases, i.e. E decreases.
49. Gravitational intensity, I = av. _14_ 0.7 Nkg!
dx 20
Acceleration due to gravity, g=1=0.7 N kg™

Work done under this field in displacing a body on a
slope of 60° through a distance s

=m (gsin60°)s
=2x(0.7x~/3 /2)x8
=96 J
50. Since the gravitational field is conservative field, hence

the work done in taking a particle from one point to
another in a gravitational field is path independent.

Hence, W, =W, =Wj.

51. As, U=_GMm
r
-GMm
or r=
U
~6.67x10" x6x10%* x 7.4x10%
- 7.79x10%
=3.8x10° m
52. Gravitational potential energy of body on the earth’s
surface is
U=-_ GM m
R
At a height A from earth’s surface, its value is
h:_GMem:_GMem las h = R]
(R+ h) 2R
where, M, = mass of earth, m = mass of body
and R =radius of earth.
.. Gain in potential energy
U, -U=- GM m _(_ GMem)
2R R
GMmn GMmn
=— +
2R R
2
_GMm _ gR'm as,ngﬂge
2R 2R R
1
==-mgR
2 me
53. The change in potential energy in gravitational field is
given by
AE=GMm (1 - 1]
no Ty

In this problem; r = Rand r, = nR

AE:GMm(l—JJ
R nR
GMm ( n- 1)
R n
n-1 Gm
=mgR o=
a2 (o)
54. The initial potential energy of the particle,
U, = - GMm
r
U - 867x107 x100 x 10~
' 0.1
11
U, = 867x10 ;110 =—667x1071°J

m:10><10’3kg
M = 100 kg

We know that, work done = difference in potential
energy

e W:AU:Uf_UL
= W =-U, [+ U, =0]
=6.67x10710J

55. Gravitational force on a body at a distance x from the

centre of earth, F' = I\/.;m
x
.. Work done,
R+h R+h
U P T P L
x
R+h
=GMm [— f}
X 1R
= ng2 (l _ 1 j
R R+h
This work done appears as increase in potential
energy

AU:ngZP— ! }
R R+h

1 1].5
=mgBGh)?| —-—|=Zmgh
me ¢ ){5}; Gh} 6"

56. From conservation of energy,

Total energy at the planet = Total energy at altitude

GMm GMm 1 .
- +=—muy ...(1)
3R 2
In the orbit of planet, the necessary centripetal force is
obtained by gravitational force.

+ (KE) surface = —



mv; _ GMm
R+2R (R+2R)?

= Uy = —GM (i1)
A= 3R
From Egs. (1) and (i1), we get
5 GMm
KE =———
( )surface 6 R

57. According to question, diagram will be as follows

Gravitational field due to solid sphere of radius a at a
distance, r =3a, i.e. (r > R) is
~GM GM GM

o Ba)? 942
Similarly, gravitational field due to spherical shell at a
distance, r = 3a,

1

_GM _G@M) 2GM

i.e. Ey=—= =
" R* Ba)? 9a%
Both fields are attractive in nature, so direction will be
same.
Net electric field, E, = G—Z‘g 2GA24
9a 9a
GM
E . =—
net 3(12

58. For the body to be able to reach at the surface of smaller
planet, it just has to overcome the gravitational field of
bigger planet and at that point (let say Pin given figure)
net force will be zero. After crossing this P point, body
will move towards smaller planet itself and will reach
with minimum speed.

Let the distance of point P from bigger planet be x.

M
L
k—10a—x— a
10a
Atpoint P, F ., =0 = Fg,=Fy
= GA6M)m _ GM)(m) x=8a )

%2 (10a - x)?

Since, there is no net external force on system, so we
can apply conservation of mechanical energy from the
surface of bigger planet to point P.

i.e. Ki+Ui:Kf +Uf

1 (G(lGM)m GMm)
gmu +| - -

2a 8a
_0+ (—G(16M)m B GMm)
8a 2a

1 o 656GMm 5 GMm
—mu” - — =——
2 8 «a 2 a

1 5 45GMm

—mu®=—

2 8 «a

3 bGM
= u=—
2 a
59, A, (%A :M:\/&Xﬁﬁ:m
(odp, 28Ry, \8 R,

60. Escape velocity of a body from the surface of earth is
11.2 kms1, which is independent of the angle of
projection.

61. Escape velocity =2 gR,

So, escape velocity is independent of m.

3
62. Time period of satellite, T =2n B+ Ry
GM,
where, R + h = orbital radius of satellite

and M, = mass of earth.

Thus, time period does not depend on mass of the
satellite.

63. When gravitational force becomes zero, the centripetal
force required cannot be provided.

So, the satellite will move with the velocity as it has at
the instant when gravitational force becomes zero, i.e.
it moves tangentially to the original orbit.

64. When a satellite is moving in an elliptical orbit, it’s
angular momentum (= rx p) about the centre of earth
does not change its direction. The linear momentum
(=mv) does not remain constant as velocity of satellite is
not constant. The total mechanical energy of S is
constant at all locations.

The acceleration of S (= centripetal acceleration) is
always directed towards the centre of earth.

65. According to the given condition in the question, after
collision the mass of combined system is doubled. Also,
this system would be displaced from its circular orbit.

So, the combined system revolves around centre of mass
of ‘system + earth’ under action of a central force.
Hence, orbit must be elliptical.

66. Orbital velocity of satellite at distance r from the centre

of earth, v= am
\ -

Total energy of satellite = PE + KE=— GMm + %mu2
r
GMm 1 GM
=— +-—m—
r 2 r

B GMm
2r




67.

68.

69.

70.

The viscous force acting on satellite decreases the
energy of satellite. As a result of it, the value of r
gradually decreases, consequently the height of
satellite gradually decreases.

Escape velocity , v, =, 2GTM
4

= v, =
=\/2GénR2xd =R\/§n Gd
3 3
(Here, d = mean density of earth)
Now, U, och
vp R \ 2R
v, 2 11=22 kms™!
Here i x (4)? = 16
81 81
= 8m = g 8e
Also, v, =.2g,R, =11.2 kms™!
=./2g,R, =.2 x— 8. >< R

2

=—12g R =7><11.2
9" 8 I, 9
=248 ~2.5 kms™!

Orbital speed of a satellite in a circular orbit is

%)
Uy =, || —
rO

where, 1, is the radius of the circular orbit.
So, kinetic energies of satellites A and B are

1 2 GMm
Ty=—mupy = ——
ATy matloa 9R
T, - 1 m3053 GM(2m) GMm
2 2@R) 2R
So, ratio of their kinetic energies is Ty =1
B

Given, a satellite is revolving in a circular orbit at a
height A from the Earth’s surface having radius of earth
R, i.e. h<<R.

Orbital velocity of a satellite, v= GM = am
R+h R

(@as,h << R)
Velocity required to escape,
1 ,9 GMm
S22
2 R+h
V= 2GM= 26M (h<<R)
R+ h R

71.

72

73.

. Minimum increase in its orbital velocity required to
escape from the Earth’s gravitational field,

2GM GM
J2gR - J?R:F(f y (-2

Escape velocity is given by

/ZGM
U, =, |———
R

where, m = mass and R =radius of planet.

2GM
SO, Uy = T
M

and v 2G(?)— 2GM

B = =

R R
&

= %:1 or ﬁ:1:>n:4
Ug 4

The motion of a satellite in an elliptical orbit is shown in
figure

Vmin

Planet

Vmax

Applying, angular momentum conservation about
planet at closest and farthest points,

Lclosest = Lfarthest
MU axTmin = MUminT; or Jmin _ Ymin
max’'min min’ max
rmax vmax
Given that, v =6v_ . or min — 1
> Ymax min - 6
Unmax
Tmin — l
T 6

max

Orbital velocity of a body revolving around a planet,

=, M (@)
r

where, M = mass of the planet,

r = orbital radius of revolving body = R (given)

and G = universal gravitational constant.

Escape velocity of any body from the surface of a planet,

= /ZGTM ...(ii)

where, M = mass of the planet,

R =radius of the planet and G = universal
gravitational constant. Ratio of body’s orbital velocity
to the escape velocity from the planet,

GM
Uy _ 1

2 NG

m%



74.

75.

76.

77.

The gravitational force exerted on satellite at a height x
is
_ GMm
“T R+’
where, M, = mass of earth.

Since, gravitational force provides the necessary
centripetal force, so

GM m mu?

— o

R+x? (R+x)

where, v, is orbital speed of satellite.

GMem 2
= =mu,

(R+ x)
or gR'm — mo? { _ GME}

R+ %) R?

B ) 2
or UO = gR = gR
R+ x) (R+ x)

Kinetic energy must be given to an object, so that it just
escapes to infinity is as shown in the figure below

__---->—To infinity

Applying energy-conservation for mass m,

we get

Initial energy of m at satellite = Final energy of m at
infinity

= UL+KL:Uf+Kf ...(i)
Here, U; = initial PE of

m:M:—(vz)m
r

As,v=, G—M = orbital speed of the satellite,

r
K; = initial kinetic energy of m,

U, =final potential energy of m which is zero
and K, = final kinetic energy of m which is also zero.
So, from Eq. (i), we have
- v"m+ K; =0+ 0or K; =mv*

3/2 3/2
As, Ty=T, [’”2) _T, (1) _ é T - é times

n 4

Asteroids move in circular orbits like planets under the
action of central forces and obey Kepler’s laws.

78.

79.

80.

81.

82.

According to Kepler’s law,

T?eci® = B2ocs? ...()
and T")% o (@4ry® ...(11)
From Egs. (1) and (i1), we have

25 1
T')?  64r°
or T’ =+1600 or T"=40h

From Kepler’s law,
T2 oc R'i — T o R3/2

3/2
T _(123] g

T, 3R
R B2 g,
8 8
As, T? oc
So T—jzﬁ
’ i 1

PR
or rA:(AJ =8 =4orr,=4ry
s \Tp

So, ry—1g=4rg—13 =313

The earth moves around the sun in elliptical path. So,
by using the properties of ellipse
n=Q0+eaandr=>0-¢ea

:r1+r 2

= 2 and nr=01-€a
where, a =semi-major axis,
b = semi-minor axis
and e = eccentricity. )
Now, required distance = semi-latus rectum = —
a
_a’1-¢)  nr_ 2nn
a n+mr)/2 n+r

The gravitational force of sun on comet is radial, hence
angular momentum is constant over the entire orbit.
Using law of conservation of angular momentum, at
locations A and B, we get

=2,

m
B A
m

2

L =mu r =muyry

7 .
or vz:h ...Q0)
b

Using the principle of conservation of total energy at A
and B,
1 2 GMm _ 1 2 GMm

—mu; mu;
2 n 2 Ty

or vg—uf=2GM(—] ...(i1)



Putting the values from Eq. (i) in Eq. (ii) and solving,

we get
_{ 2GMr, Tz
i (r+ry)
9 12
L =mur, =| 2GMmr
(r+ry)
Round 11
1. As, AKE=AU
= Lo —om,m (1 ! ) .G
2 R R+h
GM, .

Also, g= 7 ...>11)
On solving Egs. (i) and (ii), we have

= R

()
5 —1
v
2. Forr <R,
2
mu__ G”ZM ( =2 nr?’poj
r r 3

Vocr
i.e. v-r graph is a straight line passing through the
origin.
Forr >R,

4 o3

GM| -=nR

mv2 (3 )po

_— 72 = Do —
r r r

The corresponding v-r graph will be as shown in option

(c).
3. We know that, total energy (E), kinetic energy (K) and

potential energy (U) of moving satellite is given as
E:—GMm,KzGMmand U=_GMm
2r 2r r
For satellite U, K and E vary with r and also U and E

remain negative whereas K remains always positive.

Hence, from above expressions, graph represented in
option (c) is correct.

4. As,T:Zn\F
g

ie. Te1 /\/E (for fixed value of /)
5 9V2
T _ |8 _| sRI(R+2R) _1
T, Vg g 3
5. Escape velocity from the surface of earth is given by
2GM .
v, = R, ¢ )

Here , v, =11.2kms ', M p=4M,

2GM, \/m (i)

Dividing Eq. (ii) by Eq. (i), we get
v, =2 xv,=1.414x11.2 =15.8 kms™!

9 9 3 12
&szmzmﬂ{r}

v [GMr]Y? GM
3 2
As per question, 24 =2m 6400+ 36000)°
GM
64007 °
and T'=2mn
GM
T _ 6400) - (0.4)
24 | (6400 + 36000)° '
or T’ = (0.4 x24=1.53h
7. V= {—Gm+ (—G—mj + (Gm)+} X2
1 2 4
= —2Gm[1+1+ 1+} =-2Gm o
2 4 11
2

=—4Gm =-4Gx1 =-4G
In magnitude, V=4G
8. 1t is self-evident that, the orbit of the comet is elliptic

with sun begin at one of the focus. Now, as for elliptic
orbits, according to Kepler’s third law,

18
po_dn’d __(TPGM)”
GM 4m?

or

U3
| (76x3.14x107)x6.67x107"! x2x 10
4n?
a=2.7x10"
But in case of ellipse,
2a= Tinin + Tmax

P =20 =T =2x2.7x10%-8.9%x10'°
~5.3x10"” m
9. M | dx m
| [ 1 | )
k—a—
K X |
Gm (% dx)
= dU=———~2=
x
Integrating, we get
P
/ a  x
. U= Gli (a + l)
/ a

GMm

10. Force on the body =

To move it by a small distance dx,

Work done = F dx = G]lgm dx
x




Total work done

R+h
—J.Fdx GMm J-R+h dx_|: GMm:|
x R
=GMm{l— ! }
R R+h
— GMm (R+h)-R _ GMmh
R(R+h) R(R+ h)

—G—Mx mhR _gmhR  PRh
R* "R+h R+h R+h

11. For orbiting spaceship close to earth’s surface,
mv?  GMm

i.e v, = Gﬂ:,lgR
\ R
=+/(9.8x6.4x10°%) =8 kms™*

For escaping from closed to the surface of earth,

GMm 1 2
—=—my,
R 2
= v, =V2xv, =1.41x8=11.2 km/s

.. The additional velocity to be imparted to the orbiting

satellite for escapingis11.2—8 =3.2 kms ™.

12. V, = (Potential at A due tom, ) + (Potential at A due

tomsy)

Gm; Gmy
R 2R
Similarly, Vi = (Potential at B due to m;)

= VA=_

+ (Potential at B due to m,)

Gmy, Gmy

R 2R
Since, Wy p=m (Vg -V, = W, p
_Gm (m; —my) “2-1)

= Vg =—

V2R
13. Net force acting on any one particle M
_GM*  GM*

45° + GM cos 45°

“er ®eE T T RRY

M

u ﬁru
m RA45 m
45°
M uy

_Gg2(4 })

This force will be equal to centripetal force.

14.

15.

Mu? GMz(l 1)
So, =—|-+—F=
R R? 4 2
= u= %(umﬁ)

_ 1 /G—M(2f+1)

Hence, speed of each particle in a circular motion is

; /GM @2 +1).

As, W, =U.-U,

ext

-

J- M 2 rdx

nxTR [16 R+ 2

2GMJ- rdr

TR [16R%+ 2
2GM 2dz 2GM
TR2Y 2 7R?

2GM ;
- W16 R + P2

2GM

W

ext =

W

ext =

(2]

2GM 26M 4 5 _5)

As in case of elliptic orbit of a satellite, mechanical

GM . »
energy K = —( 2 m] remains constant, at any position
a

of satellite in the orbit.
GMm
a

i.e KE+PE=-

...(0)
Now, if at position r, vis the orbital speed of satellite
KE = 1 mv®
2

GMm
r

and PE=- .. (i)

So, from Egs. (i) and (ii), we have
1 UZ_GMm __GMm
r 2a

s

i.e v =GM [g—l}

roa



16. i

ax| | |
< T~ N2 4x2 y:
T N
S~ M7 gFsing
X 0O —=S-->
l o L P s~y dFsin®
- [
e | oF

o
Let the mass M be placed symmetrically.
= Foy =] dFsin® (dF cos0are cancelled out)

. GM(.dx) L
= XD X%+ I

o dx
= F,.. = GMAL Lo s I

_2GM\

GM\L
= Fnet = L2 (2) = Fnet Lz

17. Weight of the object near the equator = m(g — Ro?) and
at height h near the poles
R2
me— v
R+ h)?

g
h

Equator

According to question, both the weights are same.

= m(g—Ru)2) =——

(g - Ro’) = gR* 1}

(-h<<R)

18. As with height g varies as

; g 2h}
=5  _-g/1-2"
&S Us iRy g[ R
e/
!
c
N [om
h
and in according with figure h; > hy, W; will be lesser
than W, and
ie, Wy-W, =mgy—mg _ng[ﬂ_ﬁ}
6, We— W 2 1 R R
or Wy-W, =2m%ﬁ
R* R
GM i
{As,gzﬁ and (h; —hy)=h
2mhG (4
or Wy-W, = —nR j
2 1 R3 ( P
:§anmh {as,Mz%nﬁp

19. Mean orbital radius of the earth around the sun
r=1.5x10°km=1.5x10" m
Time period of earth around the sun =1 yr
=365 days =365 x24 x60 x60 s

As required centripetal force is obtained from the
gravitational force, therefore

Centripetal force = Gravitational force

mv* _ GMgn
vt
02 — GMS
r
(ro)’ = G]ys (- v=rw)
or o’ = ngs
E
But o= 2
T
2n)’  GM,
-5
or _ 4n %
* GT?

 4x@3.14)%x (1.5x 10"
667 x 1071 (365 x 24 x 60 x 60)2

=2 x10% kg
2
20. TFor satellite, "2 = GZW;”
R R
s GM
= vi=——

R



21.

27R
v="——

T
. = 4m°R? _ GM
7> R
7% 4n’R?
GM

If T} and T, are the time periods for satellites S; and S,
respectively.

A3

T,=1h,T,=8h, R, =10* km
2/3
Rzz(I) x10* km = 4x10* km

4
_2mRy _2mx100 o 10 kmh!

U

T, 1
4
02:27;1]{2 :271:)(4)(10 =TE><104 kmh,l
5 8

Relative velocity of S, with respect to S is
v=vy-v = (Mx10* —271 x10*) kmh™!
lv]=mx10* kmh™!

If the mass of sun is M and radius of the planet’s orbit is
r,thenasv, =\ GM /r

T=m=2nr X =
Vo GM
2.3
e  T2=4mT .G
GM

Now, if the planet (When stopped in the orbit) has
velocity v when it is at a distance x from the sun, by
conservation of mechanical energy, we get

1 ( GMmj GMm
—mv T+ | - =0-

x r

( dx} 2GM{r—x}
or - = —_—

dt r X
e _%: /ZGM [(r—x)
o dt r X
or J.tdt:— ! _[O X dx
0 2GM r| (r-x)

Substituting x = rsin? 6 and solving the RHS, we get
r (nrj
t= x| =~
2GM \ 2

Now, Eq. (1) reduces to

(After integrating)

22.

23.

First we have to find a point where the resultant field
due to both is zero. Let the point P be at a distance x
from centre of bigger star.
GaeM)  GM
= 2 - Y
X 10a-x)
= x=8a (from Oy)
B 16 M M
O P 02
2a 4 a
I 10a |

i.e. Once the body reaches P, the gravitational pull of
attraction due to M takes the lead to make m move
towards it automatically as the gravitational pull of
attraction due to 16 M vanishes i.e., a minimum KE or
velocity has to be imparted to m from surface of 16 M
such that it is just able to overcome the gravitational
pull of 16 M. By law of conservation of energy,

(Total mechanical energy at A)

= (Total mechanical energy at P)

. lmvrznin+ GaeM)ym G@a6M)m
2 2a 8a

=0+[0Mm _G(lGM)m}
2a 8a

_ GMm 45)

min —
8

3 /5GM
min T o
2 a

= lmu2
2

= Uiy =

Gravitational field intensity at a distance x from centre
of planetis E = %, where M =mass enclosed within a
X
spherical volume of radius x.
ar
dm = (42 dn) ¢

G x 2 .
So, E=— j @nr’dr)p()] (@)

x2d0

Here, M = I;C dm = '[:4nr2dr~p(r)

So, from Eq. (1), we get

_G x 2 7'2
E —?JAO 4mr ‘po(l - RZ]dr



4nGp, ﬁ B Pl
X 3 bBR? o

anGpy (& o
X 3 bHR?

For gravitational field to be maximum, C(li—E =0

X

d x A
- D anGoy| E- || =

dx{ 8 p‘)(s 5R2]

1 37
= anGpo| L - 2% | =
" p°(3 5R2J
= x= §R
9

So, E is maximum at a distance of \/g R from centre of
planet.

For a particle or satellite with speed v » around a planet

whose escape speed is v, and orbital speed of particle v,,
we have following possibilities

Vp>Ve (Hyperbolic)

»=Ve (Parabolic)

Vp

< ‘ Orbital speed (v,)
% (Spiral)
«(Circular)

Vp>V, but v, < v, (Elliptical)

Now, by momentum conservation in given collision, we
have, p; = p,

= va+%(U2AJ=(m+gj v, (@)

Body A is orbiting in orbit of radius R + A, hence for a
small value of A,

v, - |GM _ |GM _ v,
A r R J2

So, final speed of combined mass system,

55 1

P66 42
As v, is less than v,, so it must spiral towards planet.
Most nearest option is (b), if we take spiral close to
elliptical.

25. Let us assume that, stars are moving in

XY-plane with origin as their centre of mass as shown in
the figure below

Y

,/ R \

/ 0 \
—o— 1 &>X
Mo BRSO TM

\ . R //

According to question, mass of each star,
M =3x%x 10! kg
and diameter of circle, 2R =2 x 10''m
= R=10"m
Potential energy of meteorite at O,
2 GMm

Utotal ==

If vis the velocity of meteorite at O, then
. . L. 1
kinetic energy K of the meteorite is K = §mv2 .
To escape from this dual star system, total mechanical

energy of the meteorite at infinite distance from stars
must be at least zero.

By conservation of energy, we have

lmvz _ 2GMm -0
2 R
2o AGM _4x6.6Tx 10 M x 3x 10™
R 10"

= 1=2.83x%x10° =28 x10° m/s

Rockets
fired

Position
Il

Using law of conservation of energy for position I and
position II of satellite, we have

(PE+ KE)Position 1= (PE+ KE)Position 1T

-GMm 1 2 -GMm 1 2
= + 5 muy

mu;
R 2 R

e

~GMm 1 (3 2)_—GMm 1,

=

+=m| — v, +—muy
2 1

R 2 R 2 %

e

As, orbital speed, v, = am

R

(where, R = orbital radius)



Therefore, — GMim + 1 m 3 G—M
. 2 |2 R,
GMm 1 (GM )
=————+-m
R 2 R
-1(GMm)\ -1 (GMm)
= i =
4\ R, 2 R
= R=2R,
27. Consider the cavity formed in a solid sphere as shown
in figure.
V () =0

According to the question,we can write potential at an
internal point P due to complete solid sphere,

GM | ., (R)z
V,=——— | 3R> -| =
2R | 2
-GM|[. , R
= 3R*-
2R | 4}
_-GM[11R*|] -11GM
2R’ | 4 8R

3
Mass of removed part .M X 4 11: (RJ _M
@nryxnkr® 3 \2 8

Potential at point P due to removed part,
-3 GM/I8 -3GM
VC = X— =
2 RI2 8R

Thus, potential due to remaining part at point P,

Vo v, -y, - ~11GM _(_ SGM)
8R 8R
_(-11+3)GM - GM
8R R
28. Here, gravitational field, E; = ﬁ

and also gravitational potential at infinity, V_, =0

Now, dV =-Eg dx
jVV:dV:—j:EG.dx
[V]“;m == 2 +A;2)3/2 dx cos0°
Ve-Vo=- : 2 +A§2)3/2 dxx1
V,-0=- _[: o2 +A;Cz)3/z dx

x X .
V. =-4Af W )

29.

Let 22+ a®=¢, then 2xdx+0=d¢
xdxzﬂ
2

Atx=oo, ()2 + a?=t

t =oc0

(lower limit)
Again, at x=x

Pta’=t > t=x>+a’ (upper limit)
From Eq. (1), we get
%+ a” dt /2
V, = _AL (t)s/z
_ _é 2+ d? (t)_S/th
2 oo
X+ a x2+az
Aoz PAKOE
2|3 2| L
2 - 2 1.
x2+a r
1 1 1
= A — =A|———-—7
®2 1., | "+ a®)? ()2
1 A
(*+a?)? o+ a?)?

Force on star is provided by the mass enclosed inside
region of radius R as shown below

where, R = orbital radius of star.

Now, consider a spherical region of radius r and
thickness dr as shown below

Mass enclosed in this region is given by

. k
dm = density x volume = = -4nr?. dr
r
So, total mass enclosed in a region of radius R is given

by R R
M=Jdm=f—-4nr2dr
0 0

2R
= 4nk{rz} =2knR?
0



30.

31.

Gravitational pull of this mass provides necessary
centripetal force for rotation of star.

GMm mv* s GM G2knR?
SO, o = = V'=—=———
R R R R
= v =2GknR = v=+2GknR
Time period of rotation,
p2B_ 2tk Ror TR

v V2GEknR

Let the mass of the test particle be m and its orbital
linear speed be v.

Force of gravity of the mass-density would provide the
necessary centripetal pull on test particle.

= Gravitational force (F,) = Centripetal force (F,)

Let us now assume an elementary ring at a distance r
from the centre of the mass density, such that mass of
this elementary ring be M.

Test particle

o
(o)
(] [e]
o~ o
o o o Fe o
O O O (@]
° o/ S5 O\ \O
o d /o o ¥
© AN \° /2 Elementar
o o\ N\ r\o/ - Y
o Na o ring
(o)
(] (o) (o) (o)
O (o] (o] O
o (o) [e) (o)
(o)
(o) (o)
GMm mv®
= 5 = —
R R

R 2
where, M:J.Op-4nr -dr

G(J.REZATWZ- dr) 9
0pr 19
1 _— =

[ given, p(r) = 52}
r

R? R
= G 41K = v*
.. Orbital speed of mass, m = v=+G4nK ... )
Time period of rotation of the test particle,

po 2l 2R [ using Eq. 0)]

v VG -4nK

Hence, Z =, LI a constant
R GK

A satellite or spaceship in a circular orbit at a distance
(R+ h) from centre of a planet experiences a
gravitational force given by

GmM

Fa= (R+ h)?

where, M =mass of planet,
m = mass of spaceship,

R =radius of planet

and h =height of spaceship above surface.

32.

This gravitational pull provides necessary centripetal
pull for orbital motion of spaceship.

A - GmM mv?
entripetal (R+ h)2 (R+ h)

where, v = orbital speed of spaceship.

So, F,=F,

Orbital speed of spaceship,

GM .
v= B ...(0)

Here, G =667x10"" N-m¥kg?

M =8x10"%kg
R+h=2x%x10°+20x10°)m
=202x10°m

So, substituting these values in Eq. (i), we get

oo \/6.67>< 107 x 8x 102
2.02x 108

=16x10° ms™!

Time period of rotation of spaceship will be
6
_2nR+ h) o7 27 X 2.02><310
v 1.6x 10
8 x 10
60 x 60

T

=8x10° s =

(h)=22h

So, number of revolutions made by spaceship in 24 h,

nz%zﬁzllrev
T 2.2

Given, volume of earth (V,) is 64 times of volume of
moon (V,,), i.e.

4 3
v, g”Re
St =64=3
V. gnRSn

where, R, and R, are the radii of earth and moon,
respectively.

Then, E

Ee=4 @)

Also, since the density of moon and earth are equal,
i.e. 0, =P,

= Z“fe = %, where M, and M,, are the mass of the

earth and moon, respectively.

- M, Ve _gy ..Gi)
M, V

m m

The minimum energy or escape energy delivered by
the rocket launcger, so that the rocket never returns
. M
to earthis E, =22 g
R,

where, m is the mass of the rocket.

Similarly, minimum energy that a launcher should
have to escape or to never return, if rocket is launched
from surface of the moon is

B - GM,m

"""R,



. Ratio of escape energies E, and E,, is

(GMem)
E, R, ) M, R,
E, (GMmmj M, R,

R,
1

=64x—=16
4
[using Egs. (1) and (i1)]
_E. _E
" 16 16
33. Let us assume that, when satellite reaches in orbit at
height R, it has a velocity v, radially away from earth.

Satellite (mass =m,
initial velocity = u)

Earth (mass=M,
radius=R)

According to conservation of energy,

Total energy of satellite at surface of earth = Total
energy at height R

= (KE+ PE)jj01 = (KE+ PE)g

—GMm) 1 (—GMm)
——|==mui+

1 2(
= —mu”+
2

R 2 7 2R
So, radial velocity of satellite at height R,
GM\"? .
2
v,=|ut - —— ...
G )

To provide satellite an orbital velocity

U, =, % ,a rocket (mass = ﬂ) is fired.
2R 10

Rocket must be given a velocity vsuch that it destroyed
or opposes radial momentum of satellite and also
provides orbital velocity to the satellite.

V'y v
Satellite :
- > Rocket

Now, we apply conservation of momentum to calculate
radial (v.) and tangential (v;) components of rocket’s
velocity.
When rocket is ejected from satellite, mass of satellite
will be

m _9m

m-—=
10 10

By applying conservation of tangential momentum of
rocket and satellite system, we have

..(ii)

m 9m
— XV +—(-1,)=0
10 U+ g Cv)

Similarly, by applying conservation of radial
momentum of rocket and satellite system, we have
m 9Im
— XU+ —(,)=0
0 " 10 ®)
From Egs. (i), (i1) and (ii1), we have

vp =9, % and v =10, uz—G?M

So, kinetic energy of the rocket,
1(m 2 1(m 2 2 2
K==-|—"|. :77(1l’+’)
2(10) Y 2(10) K
1(m , 2 ,2
== — | +v
2(10)( T r)

=1(ﬁ) g1x M, 100><[u2 —G—M)
2R R

...(iid)

2110

g2 119.GM
200 R

34. Escape velocity of earth, v, = % ...(0)

= 10v, =, ZC;J/W

Dividing Eq. (i1) by Eq. (i), we get

0T
R/

- r=B 80 gy

~100 100

...(11)

_3GM®
5 R

35. Initial potential energy, U; =

Final potential energy, U, =0
Energy supplied =U; - U,

36. For a satellite in circular orbit,
mvg _ GMm e -

P ~

2 ’ A

r r / AN Vo
/

2
or Ug =
+h

=

GM 1 2GM e
R+h 2\ R

M _cm
R+h 2R




37.

= h=R
When the satellite stops, K =0
Ui _Uf :Kf

GMm ( GMm) 1 4

= - | -———— | =—mv
2R R 2
v=, % =, gR
R
k=1
Asteroid

Applying energy conservation, we have

Total energy of asteroid at 12 km = Total energy of
asteroid at surface of earth

= U +K, =U,+K,
—GMem 1 2 —GMem 1 2
= ——+-_myy=———+_-mv
10R, 2 R,
= gG]Mem+lmv(2)=lml)2
10 R, 2 2
= 3><2GZM‘Z+US=U2
10 R

e

= g><(1/ve)2+ vg=1?
10

9

—x

10

= (112)2 + (12)? =2

= =\/1%><(11.2)2 +(12)? = v=16kms™!

38. VA =|:

Potential due to the} {Potential due to the }

complete sphere at A spherical cavity at A

_§%_(_GM’J
2 R r
M:énR‘Q’p
3
3
M’:én(ﬁj p:l(én}i‘%p),rzﬁ
3 \2 813 2
G| npR® 5 5
V,=2 -2npR? |=-Z nGpR
A R{ 3 P } 3 P

Potential due to the
Now, Vp=

complete sphere at B

spherical cavity at B
_3 ﬂ}

{Potential due to the }

= BRZ- Y-
2B ( r)
11 GM 3GM’

r Vs=tg R YR

=G[np33 ngﬁﬁ}

2 r

4 2
=——nGpR
3 TGP

Now, VB—VAzénGpRz

1
—mg* =Ug ~U, =my (Vg = V,)

2
- 0= 2V = V)
or U=,l2nGpR2
V3
= =3



