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Example 1: Two concentric shells of mass M, and M,
are as shown. Calculate the gravitational force on m
due to M, at points P, Q and R.

Sol: For a particle of mass m, lying at a distance r
from the center of the spherical shell of mass M, the

GMmJ. If the
2

gravitational force of attraction is(

particle is lying inside the spherical shell then the force
of gravitation on it is zero.

R
C
MZ
GM
AtP F=0AtQ F=—am
AtR F— G(M,; +M,)m
C2

Example 2: Find 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 a distance a from each other.

Sol: The gravitational potential energy is given by

Us Gmm,

where m, and m, are point masses.
r

Considerthe gravitational potential energy of interaction
between the point mass m and an infinitesimal element
of the rod of mass dm. The total potential energy will
be the summation of energy of interaction of all the
small elements.

Consider small element dx of the rod whose mass
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Example 3: If the radius of the earth contracts to half of
its present value without change in its mass, what will
be the new duration of the day?

Sol: The angular momentum of the earth is given by
L=Ilo= %MR2 ® since earth is considered to be sphere

of uniform mass density. As there is no external force
is acting on the earth, the angular momentum of the
earth must remain constant after the radius of earth
reduces to half of its original size. The time period of

revolutionis T = 2—“
© 2
Present angular momentum of earth L, =lo = gMRzoa

New angular momentum because of change in radius

2
L, =2M R o'
5 12

If external torque is zero then angular momentum must
be conserved

L =L,
EMwm:EXEMWmWeqwz4m
5 475
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Example 4: Two particles of equal mass go round a
circle of radius R under the action of their mutual
gravitational attraction. Find the speed of each particle.

Sol: As the particles go around the circle they always
remain diametrically opposite to each other. To
sustain their respective circular motion the necessary
centripetal acceleration is provided by the gravitation
force of attraction between them.

The particles will always remain diametrically opposite
so that the force on each particle will be directed along
the radius. Consider the motion of one of the particles.

Gm?

The force on the particle isF = = If the speed is v,

its acceleration is v /R.

Thus, by Newton'’s law,

Gm? mv? Gm

4R? R 4R

Example 5: Three particles A, B and C, each of mass m,
are placed in a line with AB=BC=d. Find the gravitational
force on a fourth particle P of same mass, placed at
a distance d from the particle B on the perpendicular
bisector of the line AC.
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Sol: The gravitational force acting on the particle P due
2

to each of other particles is given by F= where

(1)
r is the separation between P and the other particle.

As the force is vector quantity the resultant force on
particle P has to be found by vector addition.

The force at P due to A is

_Gm?  Gm’

Fo 3 > along PA. The force at P due to Cis
(Ap)” 2
P
PO\
FC‘E’d B
A d B d C
2 2
c= sz = sz along PC. The force at P due to B is
(cp)” 2d
Gm?
= 7 along PB

The resultant ofF, , F; and F. will be along PB. Clearly
ZAPB = ZBPC = 45°

Gm?

22d?

Gm?

2242

Components of F, along PB =F, cos45° =

Component of F. along PB =F_cos45° =

Gm?

Component of F; along PB =

Hence, the resultant of the three forces is

2 2
Gm ( L L 1j:Gm [1+ij along PB.
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Example 6: What is the fractional decrease in the value
of free-fall acceleration g for a particle when it is lifted
from the surface to an elevation h? (h<<R)

Sol: The gravitational acceleration g at height h is

given by g = cM . As here R>>h then ng—M.The
(R +h)? R?
fractional decrease in g at height h above the surface of

the earth is given by ﬂ
9
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The acceleration due to gravity is g = @
R

_Ag  -2GM -
AR = (Differentiating)
dg -2GM1 dg h
= 2= = == -
h Rr? R g [R]

Example 7: A double star is a system of two stars
moving around the center of inertia of the system
due to gravitation. Find the distance between the
components of the double star, if its total mass equals
M and period of revolution is T.

Sol: Each star is moving in circular orbit whose center
is at the combined center of inertia. Find the radius
of orbit of one of the stars in terms of the separation
between them and find the orbital velocity of the star
in terms of d.

Center of inertia
roT (dn
d

The situation is shown in the above figure
Here myr=m,(d-r)
g (m1 +m2)r =m,d
m,d

r= ——=——
(m1+m2)

Also M = (m; +m, )
As gravitational force provides the necessary centripetal
force for rotation, we have

2 2
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Example 8: Find the distance of a point from the earth'’s
center where the resultant gravitational field due to the
earth and the moon is zero. The mass of the earth is
6.0x10%* kg and that of the moon is 7.4x10*kg. The
distance between the earth and the moon is 4.0x10°
km.

Sol: If a body is placed between moon and the earth
then it is under action of gravitational force due to
earth and moon simultaneously. When the gravitational
field due to earth is equal in magnitude but opposite
in direction to gravitational field due to moon then the
net field is zero.

The point must be on the line joining the centers of
the earth and the moon and in between them. If the
distance of the point from the earth is x, the distance
from the moon is (4.0 x 10° km — x). The magnitude of
the gravitational field due to the earth is

e _OM, _ Gx6x10%*kg

1
X2 X2

and the magnitude of the gravitational field due to the
moon is

GM Gx7.4%x10%kg

E = m -

t (4.0 x10°km — x)2 (4.0 x10%km — x)2

These fields are in opposite directions. For the resultant
field to be zero E; =E,,

7.4x10%kg

24
o 6x10%kg

X’ (4.0 x10°km — x)2

24
o, X _ 6x10 _9
40x10°%km—-x \7.4x10%2

Or, x =3.6x10° km

Example 9: A planet of mass m, revolves around the
sun of mass m,. The distance between the sun and the
planet is r. Taking into consideration the motion of the
sun, find the total energy of the system assuming the
orbits to be circular.

Sol: The gravitational pull between sun and planet
provides the necessary centripetal acceleration to
make them revolve in circular orbits with same angular
velocities. The center of each circular orbit will be at the
combined center of mass but their radii will be different.

Both the planet and the sun revolve around their center
of mass with same angular velocity (say o)
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r=r+r, ()
G
mlrloa2 = m2r2m2 = m;mz
r
Solving Egs. (i) and (ii), we get

... (i)

And now, total energy of the system is E= PE. + K.E.

Gmm, 1 1
L2 s “mife’ +=mrfe’
2 2

or E=-
r

Substituting the values of r, r,ande®, we get
~Gmm, '
2r

E=

Example 10: Two particles A and B of masses 1 kg and
2 kg respectively are kept 1 m apart and are released
to move under mutual attraction. Find the speed of A
when that of B is 3.6 cm/hour. What is the separation
between the particles at this instant?

Sol: As the particles A and B are initially at rest, the
system has potential energy only, but as they move
towards each other the loss in potential energy is equal
to gain in kinetic energy. As particle is moving under
their mutual interaction, the linear momentum system
must be conserved.

The linear momentum of the pair A+B is initially zero.
As only mutual attraction is taken into account — which
is internal when A+B is taken as the system — the linear
momentum will remain zero. The particles move in
opposite directions. If the speed of A is v when the
speed of Bis 3.6 cm/hour =10°m/s,

(kg)v = (2kg)(10°ms ™)
or, v=2x 10°ms™*

Gm,m
The potential energy of the pairis ——A2—E with usual

symbols. Initial potential energy
667 x107'N - m? /kg? x 2kg x kg
- 1m

=-13.34x1071),

If the separation at the given instant is d, using
conservation of energy,

~13.34x107J+0

_ 1334 Xlgnj -m +%(2 g)(10m /s

+%(1 kg)(2x10-5m/s)2

Solving this, d =0.31m.

Example 11: The gravitational field in a region is given
by E= (10ng’1)(7+]). Find the work done by an

external agent to slowly shift a particle of mass of 2 kg
from the point (0,0) to a point (5m, 4m).

Y B(5m,4m)

0l (0,0) A X

Sol: As the particle is moving slowly, the kinetic energy
of the particle remains zero during its motion. The work
done by the external agent to move the particle is given

f‘bﬁ
by W = -AU = [F.dr
i

As the particle is slowly shifted, its kinetic energy
remains zero. The total work done on the particle is
thus zero. The work done by the external agent should
be negative of the work done by the gravitational field.

fa;»
The work done by the fieldis dW =-dU = IF.dr
i

Consider the figure. Suppose the particle is taken from
O to A and then from A to B. The force on the particle is

F=mE= (2kg)(10N kg*)(ﬂ]) - (20N)(T+])
The work done by the field during the displacement
OA'is

5m 5m
W, = [Fdx = [ (20N)dx = 20Nx5m =100J.
0 0

Similarly, the work done in displacement AB is

4m 4m
W, = j F dy = j (20N)dy = (20N)(4m) =80
0 0

Thus, the total work done by the field, as the particle is
shifted from O to B, is 180 J.

The work done by the external agent is -180 J.

Note that the work is independent of the path so that
we can choose any path convenient to us from O to B.
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Example 12: A uniform solid sphere of mass M and
radius ‘a’ is surrounded symmetrically by a uniform thin
and spherical shell of equal mass and radius 2a. Find
the gravitational field at a distance

(a) % a from the center, (b) ga from the center.

Sol: If the particle is inside the spherical shell then the
gravitation field due to the shell is zero. The gravitational

field at distance r from the center of the sphere is given
by E= G_M .
2

/a)

e
N

Given figure shows the situation. The point p; is at a
distance % a from the center and p, is at a distance %
a from the center. As p, is inside the cavity of the thin

spherical shell, the field here due to the shell is zero.
The field due to the solid sphere is

GM _ 4GM

(3 ]2 9a°
—a
2

This is also the resultant field. The direction is towards
the center. The point p, is outside the sphere as well
as the shell. Both may be replaced by single particles
of the same mass at the center. The field due to each
of them is

GM  4GM

(5 jz 25a°
—a
2

The resultant field is E=2E' =

E=

E'=

8GM
25a

towards the center.

Example 13: A planet of mass m revolves in an
elliptical orbit around the sun so that its maximum and
minimum distance from the sun are equal to r,and r,
respectively. Find the angular momentum of this planet
relative to the sun.

Sol: At the apogee and perigee the radius vector is
perpendicular to the velocity vector of the plane. Use
the law of conservation of angular momentum and
energy at these two points.

Using  conservation of angular momentum
MV, =mv,r,

As velocities are perpendicular to the radius, vectors at
apogee and perigee, Vol = Vol

Using conservation of energy,

GMm 1 , -GMm
+=mv: =

P
r 2 r

1
+—=mv

2
a

By solving, the above equations,

Vp: ﬂ; L:mvprp:m N el
I’p(l’p+l’a)

JEE Advanced/Boards

Example 1: The distance between the centers 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. What should be its minimum
initial speed to reach the surface of the smaller star?
Obtain the expression in terms of G, M and a.

Sol: At a certain distance from the centers of the stars,
the gravitational fields due to the stars are equal in
magnitude but opposite in direction. As the body of
mass m is projected from the surface of larger star
towards the surface of smaller star, the kinetic energy
lost by the body is equal to gain of its potential energy
when it reaches at the point of zero field.

Let O be the point along O,0, where gravitational
intensities due to both the stars balance each other.

M;=16M Threshold
M,=M
Za/ (13 m
0, N b o,
T X P>
) 10a 8
Let 0,0 =x
GM, B GM,
2 2
X (10a-x)

Or 16(1O—x)2 =x% or x=8a



Potential energy of the body on surface of larger star,

_ Gm(16M) GmM  65GMm
! 2a 8a 8a

Potential energy at

GMm G(16M)m  5GMm
O=- - =- = U
2a 8a 2a

1 5
As U1+§mvmin =Uy
65GMm 1 5GMm
Sm—t—mV,. =—
8a 2 mn 2a

1 65GMm 5GMm 45 GMm
or —mv:. = - =—

2 mn gy 2a 8 a
: 45GM_9x5 GM
mn4 3 4 a
3 5GM
minzz><
a

Example 2: Two masses m; and m,, at an infinite
distance from each other are initially at rest, start
interacting gravitationally. Find their velocity of
approach when they are at a distance r apart.

Sol: As the masses move towards each other gain in
kinetic energy is equal to loss in gravitational potential
energy. This problem is best solved in center of mass
frame where the total kinetic energy of masses depends
on the square of velocity of approach.

Let v, be their velocity of approach. From conservation
of energy:

Increase in kinetic energy=decrease in gravitational
potential energy

Gmm
Or luvrz =—12 . (D)
2 r
m.m
Here, p =reduced mass=—=—2—
m, +m,

Substituting in Eq. (i), we get

ZG(m1 +m2)

r

vV, =

Example 3: A satellite is revolving round the earth in
a circular orbit of radius e and velocityv . A particle
is projected from the satellite in forward direction

with relative veIocityv:( 5/4—1)v0. Calculate its
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minimum and maximum distance from earth's center
during subsequent motion of the particle.

Sol: As the particle is projected from the satellite while
the satellite is still in circular motion, the net velocity of
the particle is sum of velocity relative to satellite and
the velocity of the satellite. As the particle is still bound
to the gravitational attraction of the earth, the orbit
of the particle will be ellipse. The point of projection
is perigee. Conserve the angular momentum at the
apogee and perigee.

The orbital speed of satellite is

v, = ,/@ (D)
r

Where M=mass of earth

Absolute velocity of particle would be:

Vp =V 4V, = %vO:\/1.25vo

... (i)

Since, v_ lies between orbital velocity and escape

P
velocity, path of the particle would be an ellipse with r
being the minimum distance.

Particle .

Let r’ be the maximum distance and vy its velocity at

5
the moment. A :\/;v0

Then, from the conservation of angular momentum
and conservation of mechanical energy, we get

mv,r = mv;)r' .. (iii)
1 2 GMm 1 2 GMm .

= - =—mv’s - .. (iv
2 P r 2 P r' V)

Solving the above Egs. (i), (ii), (iii) and (iv), we get r' = xr
andr. 3

. . . 5r
Hence, the maximum and minimum distance are 3
and r respectively.
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Example 4: An earth satellite is revolving in a circular
orbit of radius ‘a’ with velocity v . A gun is in the
satellite and is aimed towards the earth. A bullet is
fired from the gun with muzzle velocityv—°. Neglecting
resistance offered by cosmic dust and recoil of gun,
calculate maximum and minimum distance of bullet
from the center of earth during its subsequent motion.

Sol: Conserve the angular momentum and energy of
the particle between the points, the point of projection
and at perigee. At perigee velocity is perpendicular to
radius.

The orbital speed of the satellite is

v, = |GM ()
a

From conservation of angular momentum at P and Q
we have
mav_ = mvr

av

Orv=—2 (i)
r

From conservation of mechanical energy at P and Q
we have

5, GM
or —vi——— ="
8 ° a 2 r

v? _GMm

Substituting values of v and v_ from Egs. (i) and (ii),
we get

5GM_GM _a’(GM)_GM
2a

8 a a r2 r
or —izi—1 or —3r% = 4a’ - 8ar
8a 2r2 r

or 3r’ —8ar+4a’> =0

_ 8a+v64a’ —48a°

6

orr

8at4a
orr=

2a
orr=2a and —
3
Hence, the maximum and minimum distance are 2a

and ? respectively.

Example 5: Binary stars of comparable masses m; and
m, rotate under the influence of each other’s gravity
with a time period T. If they are stopped suddenly in
their motion, find their relative velocity when they
collide with each other. The radii of the stars are R;
and R, respectively. G is the universal constant of
gravitation.

Sol: They rotate about center of mass, such that the
necessary centripetal acceleration for the rotational
motion is provided by the gravitational force of
attraction. As the stars start approaching each other
and collide, the loss in the gravitational energy of
system is equal to the gain in the kinetic energy of the
system. Find the initial separation in terms of the time
period.

Both the stars rotate about their center of mass (COM).

m;
m;
) CcoOM R,
S Sie 2 s
:: 7K r Cd
For the position of COM
r r r+r
1 _ 2 _ 1 2 _ r (r:r1+r2)
m, m m+m, m+m,
Gmm Gm
Also, mlrlm2 =— 12 grp?2="2 0):2_“
r? rr T
1
m,r
But, n= 2
m, +m,
3
3
G(m, +m,) v .
Orr=———= (1)
(O]
Applying conservation of mechanical energy we have
Gmm Gmm 1 B
L2 L2 +—uvr2 (D)
r (Ry+R,) 2



mm,

m; +m,

Here, u =reduced mass = and

v, = relative velocity between the two stars.
From Eq. (i), we find that

V= 2Gmym, 1 1
' u

R1+R2 r

B 2Gmm, [ 1 1}

mm, (R;+R, r

m, +m,
=2G (m,+m,) ;—1
Ri+R, r

Substituting the value of r from Eq. (i), we get

13
1 472
v, = [2G(m; +m,) R, +R, _{G(mfrmz)Tz}

Example 6: Find the maximum and minimum distance
of the planet A from the sun S, if at a certain moment
of time it was a distance r, and travelling with the
velocity v with the angle between the radius vector
and velocity vector being equal to ¢ .

-
.’
-
-
-

A -
o "") (I) S

rd V0
./ro/v

Sol: As the planet revolves around the sun, the
mechanical energy of the system is conserved. Conserve
the angular momentum between the given point and
apogee.

At minimum and maximum distance velocity vector
(\7) makes an angle of 90°with radius vector. Hence,
from conservation of angular momentum,

mv,rsing =mrv (D)
Here, m is the mass of the planet.

From energy conservation law it follows that.
mve GMm _mv?  GMm

2 r 2 r

[e]
Here, M is the mass of the sun.

(i)

Solving Egs. (i) and (ii) for r, we get we values of r, one is

ax and anotheris r . .So,
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= zij(lJr\/l—K(Z—K)sinz ¢)

ZEK(l—\/l—K(Z—K)sinzq)j

2V2

r
Here, K =220
GM

andr . =

Example 7: The density inside a solid sphere of radius
‘a'is given by p=p, a/r, where p_is the destiny at the

surface and r denotes the distance from the center. Find
the gravitational field due to this sphere at a distance of
2a’ from its center.

Sol: The given mass distribution is having spherical
symmetry. Any spherically symmetrical body can be
replaced by a point particle of the same mass situated
at the center of the spherical body. The gravitational
field due to the sphere at the point 2a from the center

GM

(2a)
The field is required at a point outside the sphere.
Dividing the sphere in concentric shells, each shell can
be replaced by a point particle at its center having mass
equal to the mass of the shell. Thus, the whole sphere
can be replaced by a point particle at its center having
mass equal to the mass of the given sphere. If the mass
of the sphere is M, the gravitational field at the given
point is
GM _ GM
(23)2 4a°
The mass M may be calculated as follows: Consider a

concentric shell of radius r and thickness dr. Its volume
is

dVv = (4n2)dr and its mass is

of the sphere is given by E =

.. ()

dM = pdV = (po EJ(4n2dr) — 4p_ardr.
r
The mass of the whole sphere is
a
M= I4p0ardr = ZTcha3
0
Thus, by (i) the gravitational field is
3
E_ 2nGpya” 1

=—xGp,a.
4a° 2P
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Example 8: Two satellites of same mass are launched in
the same orbit round the earth so as to rotate opposite
to each other. They collide solidly and stick together as
wreckage. Obtain the total energy of the system before
and just after the collision. Describe the subsequent
motion of the wreckage.

Sol: Both the satellites are moving in the same orbit
so their orbital velocity will be same. As the masses
of the satellites are equal, and they are moving in the
opposite direction their total momentum before and
after the collision is zero.

The two satellites round the earth are shown in figure
Potential energy of the satellite in its orbit = -GMm/r
Kinetic energy of satellite in its orbit is

K = GMm/2r

Where m is mass of satellite, M is the mass of the earth
and r is the orbital radius.
GMm GMm = GMm

Total energy = > -
r r r

When there are two satellites, the total energy would
be

(ot

Let after collision, v' be the velocity of wreckage by the
law of conservation of momentum mv —mv = (m + m)v’

v =0

...........
- ~
~~~~

.

The wreckage of mass (2m) has no kinetic energy, but it
has only potential energy,
GM(2m)

So, energy after collision = -
r

Now the combined mass has zero velocity just after
collision and therefore, the wreckage stops rotating
and falls down under gravity.

Exercise 1

Q.1 Why Newton's law of gravitation is called a universal
law?

Q.2 On earth value of G = 6.67 x10 *Nm?kg?. What is
its value on moon, where g is nearly one-sixth than that
of earth?

Q.3 An artificial satellite is revolving around the earth at
a height 200 km from the earth’s surface. If a packet is
released from the satellite, what will happen to it? Will
it reach the earth?

Q.4 A spring balance is suspended inside an artificial
satellite revolving around the earth. If a boy of mass
2 kg is suspended from it, what would be its reading?

Q.5 The escape velocity from earth for a piece of
10 gram is 11.2kms™*. What would it be for a piece of
mass 100 gram?

Q.6 Where will the true weight of the body be zero?

Q.7 If the force of gravity acts on all bodies in
proportion to their masses, why does not a heavy body
fall correspondingly faster than a light body.

Q.8 The gravitational potential energy of a body at
a distance from the center of earth is U. What is the
weight of the body at that point?

Q.9 The distance of two planets from the sun are 10*
and 10'° meters respectively. What is the ratio of time
periods of these two planets?

Q.10 For a satellite, escape speed is 1lkms™:. If the
satellite is launched at an angle of 60° with the vertical,
what will be the escape speed?

Q.11 Prove that the value of acceleration due to gravity
at a point above the surface of the earth is inversely
proportional to the square of the distance of that point
from the center of the earth.



Q.12 Gravitational force between two bodies is 1
newton. If the distance between them is made twice,
what will be the force?

Q.13 If a person goes to a height equal to radius of
earth from its surface, what would be his weight relative
to that on the earth?

Q.14 If the change in the value of g at a height h above
the surface of the earth is the same as at a depth x
below it, both x and h being much smaller than the
radius of the earth, find the relation between x and h.

Q.15 The gravitational force acting on a rocket at a
height h from the surface of earth is 1/3 of the force
acting on a body at sea level. What is the ratio of h and
R (radius of earth)?

Q.16 Does the gravitational force of attraction of the
earth becomes zero at some height above the surface
of earth? Explain.

Q.17 What do you understand by gravity and
acceleration due to gravity. Establish a relation between
g and G.

Q.18 Explain how the knowledge of g helps us to find (i)
mass of earth and (ii) mean density of earth?

Q.19 What do you understand by ‘Escape velocity'?
Derive an expression for it in terms of parameters of
given planet.

Q.20 What do you understand by Gravitational field,
Intensity of gravitational field. Prove that gravitational
intensity at a point is equal to the acceleration due to
gravity at that point.

Q.21 Explain Kepler's laws of planetary motion and
deduce Newton's law of gravitation from them.

Q.22 Explain Newton's law of gravitation. Define
gravitational constant, and give its dimensional formula.
Give the evidences in support of the Newton’s law of
gravitation.

Q.23 Let the speed of the planet at the perihelion P
in the given figure be v, and the sun-planet distance
SP be r,. Relate 1, v, to the corresponding quantities

at the aphelion (rA,vA) . Will the planet take equal take
equal times to traverse BAC and CPB?
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Q.24 Two satellites of a planet have period 32 days and
256 days. If the radius of the orbit of former is R, find
the orbital radius of the latter.

Q.25 If the distance of the earth from the sun were half
the present value, how many days will make one year?
Given, 1 year= 365 days.

Q.26 Estimate the mass of the sun, assuming the orbit
of earth round the sun to be a circle. The distance
between the sun and the earth is 1.49x10"m, and
G =6.66x10"*Nm?kg 2.

Q.27 If the mass of the sun is 2x10%°kg, the distance
of the earth from sun is 1.5x10"m and period of
revolution of the earth around sun is one year (=365.3
days), calculate the value of gravitational constant.

Q.28 Calculate the mass and mean density of earth
from the following data:

Radius of earth:6.37><106m, acceleration due to
gravity = 9.8msand

Gravitational constant = 6.6 x107'* Nm?kg™

Q.29 If the radius of the earth shrinks by 2.5%, mass
remaining constant, then how would the value of
acceleration due to gravity change?

Q.30 At what altitude the acceleration due to gravity
above the earth’s surface would be half of its value on
the surface of the earth? Radius of earth is 6400 km.

Q.31 The radius of earth is approximately 6000 km.
What will be your weight at 600 km above the surface
of earth? At 12000 km above? At 18000 km above?
Your weight on earth is 80 kg wt.

Q.32 At what height from the surface of earth, the
acceleration due to gravity is the same at a depth
160 km below the surface of earth. Radius of earth is
6400 km.
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Q.33 What is the minimum energy required to launch a
satellite of mass m from the surface of earth of mass M,
radius R in a circular orbit at an attitude 2 R.

Q.34 A rocket is launched vertically from the surface
of the earth with an initial velocity 10kms™. How far
above the surface of the earth would it go? Radius of
the earth = 6400km;g = 9.8ms ™.

Q.35 A remote sensing satellite of the earth revolves in
a circular orbit at a height of 250km above the earth’s
surface. What is the (a) orbital speed, and (b) period of
revolution of satellite? Radius of the earth = 6.38x10°
m, and acceleration due to gravity at the surface of
earth =9.8ms™

Q.36 A satellite revolves round a planet in an
orbit just above the surface of planet. Taking

G =6.67x10'"Nm?kg~ and the means density of the
planet = 5.51x10%kgm3, find the period of satellite.

Q.37 Find the speed of escape at the moon given that
its radius 1.7 x10% m and the value of g at its surface is
1.63ms 2.

Q.38 If the earth has a mass nine times and radius twice
that of the planet Mars, calculate the maximum speed
required by a rocket to pull out of the gravitational
force of Mars. Given escape speed on the surface of
earth is 11.2kms™*

Exercise 2

Single Correct Choice Type

Q. 1 At what altitude will the acceleration due to gravity
be 25% of that at the earth’s surface (given radius of
earth is R)?

(A)R/4  (B)R (C) 3R/8 (D) R/2

Q.2 Let  be the angular velocity of the earth’s rotation
about its axis. Assume that the acceleration due to
gravity on the earth’s surface has the same value at
the equator and the poles. An object weighed at the
equator gives the same reading as a reading taken at
a depth d below earth’s surface at a pole (d<<R). The
valuezofzd is -
A) o‘R o‘R

2p2 R
® SR g 2R 9
2q g g

Q.3 If the radius of the earth be increased by a factor
of 5, by what factor its density be changed to keep the

value of g the same?
© Y5

(A) 1/25 (B) 1/5 (D)5

Q.4 The mass and diameter of a planet are twice those
of earth. What will be the period of oscillation of a
pendulum on this planet if it is a second’'s pendulum
on earth?

(A) x/isecond (B) 2«/5 second

© isecond (D) isecond

2 22

Q.5 A particle of mass M is at a distance a form surface
of a thin spherical shell of equal mass and having
radius a.

M
M
o

—2

(A) Gravitational field and potential both are zero at
center of the shell.

(B) Gravitational field is zero not only inside the shell
but at a point outside the shell also.

(C) Inside the shell, gravitational field alone is zero.

(D) Neither gravitational field nor gravitational potential
is zero inside the shell.

Q.6 A spherical uniform planet is rotating about its
axis. The velocity of a point on its equator is v. Due to
the rotation of planet about its axis the acceleration

due to gravity g at equator is % of g at poles. The

escape velocity of a particle on the pole of planet in
terms of V.

(A)v, =2v B)v,=v

© v, =vv2 (D) Ve =3V

Q.7 Two planets A and B have the same material density.
If the radius of A is twice that of B, then the ratio of the

LV
escape velocity —= is.

Vg
w2  ®V2 QY2 (D) /2



Q.8. The escape velocity for a planet is v_. A tunnel is
dug along a diameter of the planet and a small body is
dropped into it at the surface. When the body reaches
the center of the planet, its speed will be

\'%
A)ve (B &

V2

Q.9 A hollow spherical shell is compressed to half its
radius. The gravitational potential at the center

QY (z
? ero

(A) Increases
(B) Decreases
(C) Remains same

(D) During the compression increases then returns at
the previous value.

Q.10 A (nonrotating) star collapses onto itself from an
initial radius R, with its mass remaining unchanged.
Which curve in the following figure best gives the
gravitational acceleration a; on the surface of the star

as function of the radius of the star during the collapse?

(A)a (B) b

Qc

Q.11 A mass is at the center of a square, with four
masses at the corners as shown

Rank the choices according to the magnitude of the
gravitational force on the center mass.

5M 3M 2M 3M
e O e O
) oV (B) oV
M‘ 'SM M‘ 'ZM

M‘ ‘SM M‘ ‘2M

(A Fy=F, <F. =F,  (B)F, >F, <F <F

Q) Fy, =K >F =k (D) None
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Q.12 A satellite of the earth is revolving in circular
orbit with a uniform velocity V. If the gravitational force
suddenly disappears, the satellite will

(A) Continue to move with the same velocity in the
same orbit.

(B) Move tangentially to the original orbit with velocity V.
(C) Fall down with increasing velocity.

(D) Come to a stop somewhere in its original orbit.

Q.13 A satellite revolves in the geostationary orbit but
in a direction east to west. The time interval between
its successive passing about a point on the equator is:

(A) 48 hrs (B) 24 hrs
(©) 12 hrs (D) Never

Q.14 Two point masses of mass 4m and m respectively
separated by d distance are revolving under mutual
force of attraction. Ratio of their kinetic energies will be:

(A) 1:4  (B) 1:5 ) 1:1 (D) 1:2

Q.15 Select the correct choice(s)

(A) The gravitational field inside a spherical cavity, within
a spherical planet must be non-zero and uniform.

(B) When a body is projected horizontally at an
appreciable large height above the earth, with a velocity
less than for a circular orbit, it will fall to the earth along
a parabolic path

(C) A body of zero total mechanical energy placed in a
gravitational field if it is travelling away from source of
field will escape the field.

(D) Earth’s satellite must be in equatorial plane.

Q.16 A satellite of mass m, initially at rest on the earth,
is launched into a circular orbit at a height equal to the
radius of the earth. The minimum energy required is.

NEY 1

(A) ngR (B) Eng
1 3

© ngR (D) ngR

Q.17 The following figure shows the variation of energy
with the orbit radius of a circular planetary motion. Find
the correct statement about the curves A, B and C
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>r

Energy

C
K
v
(A) A shows the kinetic energy, B the total energy and C
the potential energy of the system.

(B) C shows the total energy, V the kinetic energy and A
the potential energy of the system.

(C) C and A are kinetic and potential energies
respectively and B is the total energy of the system.

(D) A and B are kinetic and potential energies and C is
the total energy of the system.

Q.18 When a satellite moves around the earth in a
certain orbit, the quantity which remains constant is:

(A) Angular velocity  (B) Kinetic energy

(C) Aerial velocity (D) Potential energy

Q.19 A satellite of mass 5 M orbits the earth in a circular
orbit. At one point in its orbit, the satellite explodes into
two pieces, one of mass M and the other of mass 4M.
After the explosion the mass M ends up travelling in
the same circular orbit, but in opposite direction. After
explosion the mass 4M is.

(A) In a circular orbit
(B) Unbound
(C) Elliptical orbit

(D) Data is insufficient to determine the nature of the
orbit.

Q.20 A satellite can be in a geostationary orbit around
earth at a distance r from the center. If the angular
velocity of earth about its axis doubles, a satellite can
now be in a geostationary orbit around earth if its
distance from the center is

r r r r

A) - B) —= O — D) —=
2 (4" ()"

Q.21 A planet of mass m is in an elliptical orbit around

the sun (m << M_, ) with an orbital period T. If A be the

area of orbit, then its angular momentum would be:

2mA m_A

(A) - (B) mAT © T (D) 2mAT

Q.22 Satellite A and B are orbiting around the in orbits
of ratio R and 4R respectively. The ratio of their aerial
velocities is:

(A) 1:2 (B) 1:4 (G 1:8 (D) 1:16

Q.23 In older times, people used to think that the Earth
was flat. Imagine that the earth is indeed not a sphere
of radius R, but an infinite plate of thickness H. What
value of H is needed to allow the same gravitational
acceleration to be experienced as on the surface of
the actual Earth? (Assume that the Earth’s density is
uniform and equal in the two models.)

2R 4R
(A) 3 (B) 3

8R R
© 3 (D) 3

Q.24 A planet revolves about the sun in elliptical orbit.
The aerial velocity ((jj—':\] of the planetis 4.0 x10'® mz/s .

The least distance between planet and the sun is
2x10%m. Then the maximum speed of the planet in
km/s is:
(A) 10 (B) 20

(©) 40 (D) None of these

Previous Years' Questions

Q.1 If the radius of x the earth were to shrink by one per
cent, its mass remaining the same, the acceleration due
to gravity on the earth'’s surface would (1981)

(A) Decrease (B) Remain unchanged

(Q) Increase (D) Be zero

Q.2 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 (1983)
(A) %ng (B) 2mgR

1
(C) mgR (D) ngR

Q.3 Imagine a light planet revolving around a very
massive star in a circular orbit of radius R with a period
of revolution T. If the gravitational force of attraction
between the planet and the star is proportional to R2,
then (1989)

(A) T?is proportional to R?



(B) T? is proportional to R/

(€ T? is proportional to R32

(D) T2 is proportional to R*"®

Q.4 If the distance between the earth and the sun were
half its present value, the number of days in a year
would have been (1996)

(A) 64.5 (B) 129 (01825 (D) 730)

Q.5 A simple pendulum has a time period T, when on
the earth’s surface and T, when taken to a height R
above the earth'’s surface, where R is the radius of the
earth. The value of T /T, is (2001)
(A) 1 (B) V2

Q) 4 (D) 2

Q.6 A geostationary satellite orbits around the earthin a
circular orbit of radius 36,000km. Then, the time period
of a spy satellite orbiting a few hundred km above the
earth’s surface (R, =6400km) will approximately be

(2002)

(A) Y/2h (B)1h (Q)2h (D)4 h

Q.7 A double star system consists of two stars A and

B which have time periods T, and T;. Radius R, and

Rg and mass M, and M. Choose the correct option.
(2006)

(A) T, >T;then R, >R,

(B)if T, >T, then M, >M,

2 3
ofi]
TB RB
(D) T, =T,

Q.8 A satellite is moving with a constant speed v in a
circular orbit about 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 its

ejection, the kinetic energy of the object is (2011)
W Zm? @ md (O v (D) 2my’

Q.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 (2008)
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(A) 1.1 kms™*
(©) 110 kms™

(B) 11 kms™!
(D) 0.11 kms™!

Q. 10 Statement-I: For a mass M kept at the centre of
a cube of side ‘a’, the flux of gravitational field passing
through its sides is 41t GM.

Statement-II: If the direction of a field due to a point
source is radial and its dependence on the distance 'r’
for the source is given as 1/r? its flux through a closed
surface depends only on the strength of the source
enclosed by the surface and not on the size or shape of
the surface (2008)

(A) Statement-| is false, statement-Il is true.

(B) Statement-1 is true, statement-Il is true; statement-II
is correct explanation for statement-I.

(C) Statement-| is true, statement-Il is true; statement-I|
is not a correct explanation for statement-I.

(D) Statement-| is true, statement-Il is false.

Q.11 The height at which the acceleration due to gravity
becomes g(where g = the acceleration due to gravity

on the surface of the earth) in terms of R, the radius of
the earth is (2009)
R

V2

Q.12 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:

W2R (@B © % (D) VR

(2011)
(A)_4Gm (B) _6Gm
r r
© _96_m (D) Zero

r

Q.13 The mass of a spaceship is 1000 kg. It is to be
launched from the earth'’s surface out into free space.
The value of ‘g’ and 'R’ (radius of earth) are 10 m/s? and
6400km respectively. The required energy for this work
will be: (2012)

(A) 6.4 x 10" Joules
(C) 6.4 x 10° Joules

(B) 6.4 x 108 Joules
(D) 6.4 x 10" Joules
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Q.14 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?

(2013)
A) 5GmM (B) 2GmM
6R 3R
GmM GmM
Q) — D) ——
(@) R (D) R

Q.15 From a solid sphere of mass M and radius R, a
spherical portion of radius R/2 is removed, as shown in
the figure. Taking gravitational potential V = 0 at r = oo,
the potential at the centre of the cavity thus formed is:
(G = gravitational constant) (2015)

e

-GM -GM
T PR

-2GM -2GM
R PR

Q.16 A satellite is revolving in a circular orbit at a height
‘h" from the earth’s surface (radius or 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.) (2016)

(A) JaR
(O yJgR(W2 -1)

(B)ygR /2
(D) \/2gR

Exercise 1

Q.1 A small mass and a thin uniform rod each of mass
‘m’ are positioned along the same straight line as
shown. Find the force of gravitational attraction exerted
by the rod on the small mass.

m m

Q.2 A particle is forced vertically form the surface of the
earth with a velocity kv, where v, is the escape velocity
and k<1. Neglecting air resistance and assuming
earth’s radius as R, calculate the height to which it will
rise from the surface of the earth.

Q.3 A point P lies on the axis of a fixed ring of mass M
and radius a, at a distance a from its center C. A small
particle starts from P and reaches C under gravitational
attraction only. Its speed at C will be

Q.4 Calculate the distance from the surface of the earth
at which above and below the surface acceleration due
to gravity is the same.

Q.5 An object is projected vertically upward from the
surface of the earth of mass M with a velocity such that
the maximum height reached is eight times the radius
R of the earth. Calculate:

(i) The initial speed of projection

(i) The speed at half the maximum height.

Q.6 A sphere of radius R has it center at the origin.
It has a uniform mass density p, except that there is

a spherical hole of radius r=R/2 whose center is at
x =R/2 as in the given figure. (a) Find gravitational
field at points on the axis for x>R



(b) Show that the gravitational field inside the hole is
uniform. Find its magnitude and direction.

Q.7 A small body of mass is projected with a velocity
just sufficient to make it reach from the surface of a
planet (of radius 2R and mass 3M) to the surface of
another planet (of radius R and mass M). The distance
between the centers of the two spherical planet is 6R.
The distance of the body from the center of bigger
planet is 'x’ at any moment. During the journey, find the
distance x where the speed of the body is (a) maximum
(b) minimum. Assume motion of body along the line
joining centers of planets.

Q.8 A man can jump over b=4m wide trench on earth.
If mean density of an imaginary planet is twice that
of the earth, calculate its maximum possible radius so
that he may escape from it by jumping. Given radius of
earth=6400km.

Q.9 A satellite P is revolving around the earth at a height
h = radius of earth (R) above equator. Another satellite
Qs at a height 2h revolving in opposite direction. At an
instant the two are at same vertical line passing through
center of sphere. Find the least time after which again
they are in this situation.

Q.10 Two small dense stars rotate about their common
center of mass as a binary system with the period 1 year
for each. One star is of double the mass of the other
and the mass of the lighter one is 1/3 of the mass of
the sun. Find the distance between the stars if distance
between the earth & the sunis R.

Q.11 Four masses (each of m) are placed at the vertices
of a regular pyramid (triangular base) of side ‘a’. Find
the work done by the system while taking them apart
so that they form the pyramid of side ‘2a’

m

N
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Q.12 A thin spherical shell of total mass M and radius R
is held fixed. There is a small hole in the shell. A mass m
is released from rest at a distance R from the hole along
a line that passes through the hole and also through
the center of the shell. This mass subsequently moves
under the gravitational force of the shell. How long
does the mass take to travel from the hole to the point
diametrically opposite?

Q.13 A satellite close to the earth is in orbit above the
equator with a period of rotation of 1.5 hours. If it is
above a point P on the equator at some time, it will be
above P again after time_____ .

Q.14 A satellite is moving in a circular orbit around the
earth. The total energy of the satellite is E=-2x10J.
The amount of energy to be imparted to the satellite to
transfer it to a circular orbit where its potential energy
is equal to

Q.15 A satellite of mass m is orbiting the earth in a
circular orbit radius r. It starts losing energy due to
small air resistance at the rate of C J/s. Then the time
taken for the satellite to reach the earthis____ .

Q.16 A satellite is orbiting the Earth of mass M in
equatorial plane in a circular orbit having radius 2R and
same sense of rotation as that of the Earth. Find duration
of time for which a man standing on the equator will be
able to see the satellite continuously. Assume that the
man can see the satellite when it is above horizon. Take
Earth’s angular velocity = o

Q.17 A launching pad with a spaceship is moving along
a circular orbit of the moon, whose radius R is triple that
of moon Rm. The ship leaves the launching pad with
a relative velocity equal to the launching pad's initial
orbital velocity v,and the launching pad then falls to
the moon. Determine the angle 6 with the horizontal
at which the launching pad crashes into the surface if
its mass is twice that of the spaceship m.

Q.18 A body moving radially away from a planet of mass M,
when at distance r from planet, explodes in such a way that
two of its many fragments move in mutually perpendicular
circular orbits around the planet. What will be

(a) Their velocity in circular orbits

(b) Maximum distance between the two fragments
before collision and

(c) Magnitude of their relative velocity just before they
collide.
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Q.19 A cord of length 64 m is used to connect a 100 kg
astronaut to spaceship whose mass is much larger than
that of the astronaut. Estimate the value of the tension
in the cord. Assume that the spaceship is orbiting near
earth’'s surface. Assume that the spaceship and the
astronaut fall on a straight line from the earth’s center.
The radius of the earth is 6400km.

Q.20 Imagine a planet of mass M with a small moon of
mass m and radius a orbiting it and keeping the same
face toward it. If the moon now approaches the planet,
there will be a critical distance from the planet's center
at which loose material lying on the moon's surface
will be lifted off. Show that this distance is given by

r, = a(3M/m)1/3. This critical distance is called Roche'’s

limit.

Q.21 A hypothetical planet of mass M has three moons
each of equal mass ‘m’ revolving in the same circular
orbit of radius R. The masses are equally spaced and
thus form an equilateral triangle. Find:

(i) The total PE. of the system

(i) The orbital speed of each moon such that they
maintain this configuration.

Q.22 A remote sensing satellite is revolving in an orbit
of radius x over the equator of earth. Find the area on
earth’s surface in which satellite cannot send message.

Q.23 A pair of stars rotate about a common center of
mass. One of the stars has a mass M which is twice as
large as the mass m of the other. Their centers are a
distance d apart, d being large compared to the size of
either star.

(a) Derive an expression for the period of rotation of
the star about their common center of mass in terms
of d, m, G.

(b) Compare the angular momentum of the two stars
about their common center of mass by calculating the
ratio Lm/LM .

(c) Compare the kinetic energies of the two stars by
calculating the ratio K /K, .

Q.24 Assume that a geosynchronous communications
satellite is in orbit at the longitude of Mumbai. You
are in Mumbai and want to pick up its signals. In what
direction should you point the axis of your parabolic
antenna? The latitude of Mumbai 30° N.

Q.25 The fastest possible rate of rotation of a planet such
that for which the gravitational force on material at the
equator barely provides the centripetal force needed
for the rotation. Show that the corresponding shortest

period of rotation is given by T = ’é_n , where pis the
p

density of the planet, assumed to be homogeneous.

Exercise 2

Multiple Correct Choice Type

Q.1 Assuming the earth to be a sphere of uniform
density the acceleration due to gravity

(A) At a point outside the earth is inversely proportional
to the square of its distance from the center.

(B) At a point outside the earth in inversely proportional
to its distance from the center.

(C) At a point inside is zero.

(D) At a point inside is proportional to its distance from
the center.

Q.2 Two masses m; and m,(m, <m,) are released
from rest from a finite distance. They start under their
mutual gravitational attraction.

(A) Acceleration of m_ is more than that of m,
(B) Acceleration of m, is more than that of m,

(C) Center of mass of system will remain at rest in all
reference frames.

(D) Total energy of system remains constant.

Q.3 Inside a hollow isolated spherical shell

(A) Everywhere gravitational potential is zero.
(B) Everywhere gravitational field is zero.

(C) Everywhere gravitational potential is same.

(D) Everywhere gravitational field is same.



Q.4 When a satellite in a circular orbit around the earth
centers the atmospheric region, it encounters small air
resistance to its motion. Then

(A) Its kinetic energy increases.
(B) Its kinetic energy decreases.
(C) Its angular momentum about the earth decreases.

(D) Its period of revolution around the earth increases.

Q.5 A communications Earth satellite

(A) Goes round the earth from east to west.

(B) Can be in the equatorial plane only.

(C) Can be vertically above any place on the earth.

(D) Goes round the earth from west to east.

Q.6 An earth satellite is moved from one stable circular
orbit to another larger and stable circular orbit. The
following quantities increase for the satellite as a result
of this change:-

(A) Gravitational potential energy
(B) Angular velocity
(C) Linear orbital velocity

(D) Centripetal acceleration

Q.7 A satellite S is moving in an elliptical orbit around
the 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
center of the earth.

(B) The angular momentum of S about the center of the
earth changes in direction, but its magnitude remains
constant.

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

(D) The linear momentum of S remains constant in
magnitude.

Q.8 If a satellite orbits as close to the earth’s surface as
possible,

(A) Its speed is maximum
(B) Time period of its rotation is minimum

(C) The total energy of the ‘earth plus satellite’ system
is minimum

(D) The total energy of the ‘earth plus satellite’ system
is maximum
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Q.9 For a satellite to orbit around the earth, which of
the following must be true?

(A) It must be above the equator at some time.
(B) Its cannot pass over the poles at any time
(Q) Its height above the surface cannot exceed 36,000 km

(D) Its period of rotation must be > Zn«/R/g where R is
radius of earth

Q.10 Two satellites s, & s, of equal masses revolve
in the same sense around a heavy planet in coplanar
circular orbit of radii R & 4R.

(A) The ratio of period of revolution s, & s, is 1:8
(B) Their velocities are in the ratio 2:1

(C) Their angular momentum about the planet are in
the ratio 2:1

(D) The ratio of angular velocities of s, w.r.t. s, when all
three are in same line is 9:5

Assertion Reasoning Type

(A) Statement-l is true, statement-ll is true and
statement-Il is correct explanation for statement-I.

(B) Statement-l is true, statement-ll is true and
statement-Il is NOT the correct the explanation for
statement-I.

(C) Statement-| is true, statement-Il is false.

(D) Statement-| false, statement-Il is true.

Q.11 Statement-l: Moon revolving around earth does
not come despite earth’s gravitational attraction.

Statement-II: A radially outward force balances earth’s
force of attraction during revolution of moon.

Q.12 Statement-I: Time period of simple pendulum in
an orbiting geostationary satellite in infinite.

Statement-ll: Earth’s gravitational field becomes

negligible at large distance from it.

Q.13 Statement-l: Geostationary satellite may be
setup in equatorial plane in orbits of any radius more
than earth’s radius.

Statement-ll: Geostationary satellite have period of
revolution of 24 hrs.

Q.14 Statement-I: For the calculation of gravitational
force between any two uniform spherical shells, they
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can always be replaced by particles of same mass
placed at respective centers.

Statement-II: Gravitational field of a uniform spherical
shell out side it is the same as that of particle of same
mass placed at its center of mass.

Q.15 Statement-I: It takes more fuel for a spacecraft to
travel from the earth to moon than for the return trip.

Statement-II: Potential energy of spacecraft at moon’s
surface is greater than that at earth surface.

Comprehension Type

Paragraph 1:

Two uniform spherical stars made of same material
have radii R and 2R. Mass of the smaller planet is m.
They start moving from rest towards each other from
a large distance under mutual force of gravity. The
collision between the stars is inelastic with coefficient
of restitution Y2.

Q.16 Kinetic energy of the system just after the collision
is:

8Gm? 2Gm?
A B
(A) R (B) R
2
© 42? (D) Cannot be determined

Q.17 The maximum separation between their centers
after their first collision

(A)4R (B)6 R ()8R (D) 12R

Paragraph 2:

The given figure shows the orbit of a planet P round
the sun S, AB and CD are the minor and major axes of
the ellipse.

A

o
—

Q.18 If t, is the time taken by the planet to travel along
ACB and t, the time along BDA, then

(A) t =1, (B) t, >,

O t <t, (D) Nothing can be concluded

Q.19 If U is the potential energy and K kinetic energy
then |U| > |K| at
(A) Only D

(C) BothD & C

(B) Only C
(D) Neither D nor C

Paragraph 3:

During the formation of stars from clouds of hydrogen
gas in space, due to gravitational force of attraction,
volume of gas decreases, which in turn heats the gas.
Specific heat capacity of gas is S, universal gravitational
constant is G and mass in a hydrogen cloud is M.

Q.20 If radius of gas cloud decreases from R toR/2,
the increment in temperature of gas is (assume No loss
of energy outside due to radiations, and clouds are
spherical in shape)

3GM 3GS 3GM
B ©O_— O -——
5RS 5MR RS

GM
(A) RS
Q.21 Assume the initial temperature of gas is 0 K and
thermonuclear reactions will start at T, K temperature,
the minimum mass of gas required so thatthermonuclear
reactions start when radius of cloud becomes half of
initial radius (R). Assume uniform temperature in entire
volume of gas.

SRT SRT,

(a) 20 (B) 2220
3 G 5 G
SRT,

© (D) None
G

Paragraph 4:

In some parts of universe, it is found that acceleration
produced in a body is inversely proportional to the
square of its mass and directly proportional to the net

. . F .
force (F) according to equation a=c—2where cis
m

constant, whose magnitude is 1, if m is measured in kg,
a is measured in m/s? and F is in Bose. Also action and
reaction force are equal and opposite and on different
interacting bodies.

Q.22 In the given figure shown, two blocks of mass m,
=2 kg and m, = 4 kg are attached via an ideal massless
string over frictionless mass less pulley. If acceleration
due to gravity g = 5 m/s2.The tension in the string is



(A) 6 Bose
(C) 3 Bose

(B) 1.67 Bose
(D) 32 Bose

Q.23 In the given figure a block of mass m=2 kg is
placed on smooth inclined plane. The minimum value

of force F needed to support the block is (g = Sm/sz)

0=30°

(A) Zero, Newton
(C) 20 Bose

(B) 10 Bose
(D) 10 Newton

Previous Years' Questions

Q.1. Statement-I: An astronaut in an orbiting space
station above the earth experiences weightlessness.

Statement-ll: An object moving around the earth
under the influence of earth’s gravitational force is in a
state of ‘free-fall’ (2008)

(A) If statement-| is true, statement-Il is true; statement-I|
is the correct explanation for statement-I

(B) If statement-| is true; statement-Il is true; statement-I|
is not a correct is true; statement-|

(C) If statement-1 is true; statement-Il is false

(D) If statement-I is false; statement-Il is true

Q.2 A solid sphere of uniform density and radius 4 units
is located with its center at the origin O of coordinates.
Two spheres of equal radii 1 unit, with their centers at A
(-2,0,0) and B (2, 0, 0) respectively, are taken out of the
solid leaving behind spherical cavities as shown in the
given figure. (1993)
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Then

(A) the gravitational field due to this object at the origin
is zero.

(B) the gravitational field at the point B (2, 0, 0) is zero

(C) the gravitational potential is the same at all points
of circle y? +z> =36

(D) the gravitational potential is the same at all points
on the circle y> +z%> = 4

Q.3 The magnitude of the gravitational field at distance
r, and r, from the center of a uniform sphere of radius

R and mass M are F and F, respectively. Then (7994)
R

(A) === if r<Rand r,<R
F r.
2 D
Eor? .

(B) L=< if n>R and rn,>R
F 2
2 r]_
FEoord .

@ t=L ifr<R and 1, <R
o
2 2
E 2 .

(D) —1:% if n<R and r, <R
F, r;

Q.4 Two satellites S; and S, revolve round a planet in
coplanar circular orbits in the same sense. Their periods
of revolution are 1 h and 8 h respectively. The radius
of the orbit of S; is 10%km. when S, is closed toS;.
Find

(a) the speed of S, relative to S,

(b) the angular speed of S, as actually observed by an
astronaut in S, (1986)

Q.5 Three particles, each of mass m, are situated at
the vertices of an equilateral triangle of side length a.
The only forces acting on the particles are their mutual
gravitational forces. It is desired that each particle
moves in a circle while maintaining the original mutual
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separation a. Find the initial velocity that should be
given to each particle and also the time period of
circular motion (1988)

Q.6 An artificial satellite is moving in circular orbit
around the earth with a speed equal to half the
magnitude of escape velocity from the earth.  (7990)

(a) Determine the height of the satellite above the
earth'’s surface.

(b) If the satellite is stopped suddenly in its orbit and
allowed to fall freely onto the earth, find the speed with
which it hits surface of the earth.

Q.7 Distance between the centers of two stars is10a.
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
surface of the smaller star. What should be its minimum
initial speed to reach the surface of the smaller star?
Obtain the expression in terms of G, M and a.  (7996)

Q.8 There is a crater of depth % on the surface of the

moon (radius R). A projectile is fired vertically upward
from the crater with velocity, which is equal to the
escape velocity v from the surface of the moon. Find
the maximum height attained by the projectile. (2003)

Q.9 Gravitational acceleration on the surface of a planet
. A6 . L .
is Hg, where g is the gravitational acceleration on the

surface of the earth. The average mass density of the
planet is %times that of the earth. If the escape speed

on the surface of the earth is taken to be11 km/s the
escape speed on the surface of the planet in km/s will
be? (2010)

Q.10 A spherically symmetric gravitational system of

p,forr<R
0 forr>R

where pj 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 from the
center of the system is represented by (2008)

particles has a mass density p ={

(B)

i

o] EEEEFEEEES
-
P
-

(D)

\%

|-
—

R r

Q.11 Two spherical planets P and Q have the same
uniform density p, masses M, and M, an surface areas
A and 4A, respectively. A spherical planet R also has
uniform density p and its mass is (M, +M,)). The escape
velocities from the planets P, Q and R, are V, V, and V
respectively. Then (2012)

AV, >V, >V, B)V, >V, >V,

Q

Vv, Vv,
(C) R =3 (D)—le
\A Vo 2

Q.12 A planet of radius R = %x (radius of Earth) has
the same mass density as Earth. Scientists dig a well of
depth % on it and lower a wire of the same length and

of linear mass density 103 kgm™" into it. If the wire is not
touching anywhere, the force applied at the top of the
wire by a person holding it in place is (take the radius of
Earth = 6 x 10® m and the acceleration due to gravity of
Earth is 10 ms™) (2014)

(A) 96 N (B)108 N (©) 120N (D) 150 N

Q.13 In an experiment to determine the acceleration
due to gravity g, the formula used for the time period

7R —r)
59
of R and r are measured to be (60 + 1) mm and (10 +
1) mm, respectively. In five successive measurements,
the time period is found to be 0.52 s, 0.56 s, 0.57 s,
0.54 s and 0.59 s. The least count of the watch used for

the measurement of time period is 0.01 s. Which of the
following statement(s) is (are) true? (2016)

of a periodic motion isT =2n = . The values

(A) The error in the measurement of r is 10%
(B) The error in the measurement of T is 3.57%
(C) The error in the measurement of T is 2%

(D) The error in the determined value of g is 11%
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MASTERJEE Essential Questions

JEE Main/Boards

Exercise 1

Q23 Q31 Q33
Q35

Exercise 2

Q2 Q13 Q17
Q.20

JEE Advanced/Boards

Exercise 1

Q1 Q5 Q6
Q11 Q16 Q21
Exercise 2

Q1 Q.2 Q.5
Q6 Q7 Q38
Q10 Q11 Q12
Q16

JEE Main /Boards

Exercise 1
Q.3 No

Q.4 Zero

Q.9 1010

Q.10 11 km/s
Q.13 One-Fourth
Q.14 x=2h
Q.150.732

Q.23 VA/VP =rP/rA; No, time for path BAC is greater
than time for path CPB

Q24 4R

Q.25 129 days

Q.26 1.972x10°%kg

Q.27 6.69x10 ' m%kg >

Q.28 6.025x10%kg;5.56 x10% kg/m’
Q.29 Increase by 5%

Q.30 2649.6 km

Q.31 66.12 kg wt; 8.89 kg wt; 5 kg wt.
Q.32 80 km

Q33 566—1"\"

Q.34 2.56x10*km
Q.35 (a) 7756.6m/s;  (b) 5373 s
Q.36 5064 s

Q.37 2.354x10°ms™?

Q.38 5.28kms™
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Exercise 2

Single Correct Choice Type

Q1B Q2A Q38 Q4B Q5C Q6 A

Q7A Q8B Q98B Q108 Q11 A Q12 B
Q13 C Q14 A Q15C Q16D Q17D Q.18 C
Q198 Q.20 C Q21 A Q22 A Q23 A Q.24 C

Previous Years' Questions

Q1C Q2A Q3B Q4B Q5D Q6C
Q7D Q8B Q9C Q108 Q11 A Q12C
Q13D Q14 A Q.158B Q16 C

JEE Advanced/Boards

. .10 R
Exercise 1 Q
2
a GM? Q1 6GM
< 3|_2 2a
2
Q.2 Rk Q.12 2xR®/GM
1-k?
Q.13 1.6 hours if it is rotating from west to east, 24/17
2GM 1 20 _
Q3 a2 1——2 hours if it is rotating from east to west
Q.14 1x10°)
V3-1
Q4 h=—-

Q15 t=——

2 GMm(l 1]
a4 loMm .. 2 [26Mm 2C (R 1
Q30 3y W3y 5
Q16 ——~
Gm
3[¢8R3-%]

Qe @e="R| 1 8 GM 3
) 6 2 2 | JR2 _ 3
(x—(R/Z)) X Q.17 cos6 \/ro
Q72R 3R[3-43
3-4] Q8@ (2 ) 21 () 22
Q.8 ,/6.4km Q.19 T=3x107N
13

27R¥2 (6\/6) Q.20 r, = a(3V/m)

Q.9

Q21 () ———| —+
R m 23

JeM(22+343) 3GM[m j(“)[@(zﬁm)
B R



Q.22 27R? (1+ Ej
X

2nd¥?

Q23 () T=
\J3GM

(b) 2 (c) 2

Exercise 2

Multiple Correct Choice Type

Q1A D Q2A,D Q3B,CD
Q7A,D Q8A, B, C Q9 A D
Assertion Reasoning Type
Q11C Q12B Q13D
Comprehension Type
Paragraph 1: Q.16 B Q17 A
Paragraph 2: Q.18 B Q19 C
Paragraph 3: Q.20 8B Q21 A
Paragraph 4: Q22D Q.23 B
Previous Years’ Questions
Q1A Q2A Q3B
/Gm / a°
Sv=,—T=2
Q a T 3Gm
a7 25 (M Q8995 &
a

Q118,D Q128 Q13 A
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_ 32
Q.24 cot ! [f——] to vertical

105
Q.25 T= /3—“
Gp

Q4 AC Q58B,D Q6ACD
Q10A,B,D
Q14D Q15 A

Q.4 (a) —nx10*km/h (b) 3x10*rad/s

Q.6 (a) 6400 km (b) 7.9 km/s

Q93 Q10C
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JEE Main/Boards

Exercise 1

Sol 1: Newton's law of gravitation is called a universal
law because it is applicable anywhere in the universe.

Sol 2: The value is same on moon. G is called universal
gravitational constant, which is constant anywhere in
the universe

Sol 3: The packet doesn't reach the earth (theoretically).
Because in a satellite, centrifugal force balances the
gravitational force on it. The same will happen with
the packet, which has same initial velocity as that of
satellite.

Sol 4: Its reading will be zero. A spring balance shows
the net force the hanging body exerts on it net force by
body = Mass x Acceleration

. The net acceleration is zero as the centrifugal and
gravitational forces balance each other, it reads zero.

Sol 5: Escape velocity is always constant for a given
celestial body. Escape velocity of earth is 11.2 km s7. It
is same irrespective of mass.

Sol 6: Weight = Mass x Net acceleration It will be zero,
if net acceleration is zero like a satellite.

GMm
2

Sol 7: Gravitational force (f) =

oo foem
. . f
.. Acceleration due to gravity g = —
m

_ oM
I"2

It is independent of m.

Here both fall at same time

GMm
r

Sol 8: U =

weight W = mg

(8-

W =

-1|C

Hence weight = v
r

Sol 9: T o 32

3 3
T 2 11 )2
L N e TN
T )

Sol 10: Escape speed is still 11 km s because escape
speed is irrespective of angle of launch (of course not
towards ground). We calculate escape velocity by

1 _ GMm

—m V?
2 r

(Kinetic energy + Potential energy)

= it Irrespective of angle of each.

Sol 11: Acceleration due to gravity

g_r_z

g —
2

Hence it is inversely proportional to r?

Sol 12: foc L

.. Gravitational force 0.25 N

Sol 13: If he goes to a height r, his distance from center
is 2r

W oc iz (w = Weight)
r



w, (1Y 1,
- —= = — = —

w; 2 4
i.e., his weight quadrates

Sol 14: g = g forr>r, (r, is radius of earth)
r

dg __GM
dr 2r3
GM
= Ag =———Ar
2
ag= M,
2r§
GM
g=—r rn<r,

GM
:Ag = —3.(—)()

— % (—X) = @ (_2h)
r3 r3
0 0

= x = 2h

2
f
Sol 15: L = (EJ
f, n

r, = r, r, = Distance of rocket from center of earth

r—l_"‘lm
[SSRN

2
.
jgz(gjjizﬁ
rl rl

Height of rocket n = r, —r,

2 =3
n

D _1-3-1
=3 -1

—
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GMm

bl

Sol 16: No. gravitational force f =

:>foci
2

1 .
- will never become zero.
r
So force doesn't become zero.

Sol 17: Gravity is the force with which a body pulls
another body towards its center.

Acceleration due to gravity is the acceleration which it
produces in the body due to force of gravity

_ oM

r2

Sol 18: g = M
2

m = Mass of earth

r = Radius of earth
2

= We can calculate g by physical means, r is known,
hence M can be calculated

Mean density of earth =

*7‘5[‘3

3

" M can be calculated, mean density can also be
calculated.

Sol 19: Escape velocity is the velocity with which when
a body is projected from the surface of a celestial body,
it crosses its potential barrier and escapes into out
space for bodies to escape total energy >0

ie. K.E+PE>0

At escape velocity

KE+PE=0
= lmv2— GMm _ 0
2 r

IZGM
=>v= | —
r

Sol 20: Gravity field is a field in which a body produces
a force on another body.

Intensity of gravitational force is the force which a body
attracts a body of unit mass
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Intensity = G—ZM . (D)
r
= —2 = g

Sol 21: Kepler's law T? oc 13

2nr r? 3
= = — ocr
\% V2

1 .
=V = 0]
r
For a planetary motion

PE+KE=0
1
:Emv2+PE:O

:>PE=—%mV2;3PEoc—m
r

Gravitational force = di PE
r

km

m
=f= — (k-some constant)
r r

Let two bodies m,, m, exert gravity on each other.

fo= -2 =fem L (i)

fp=r=fem, L (i)

Where f,, is force on body 1 by body 2 similarly f,,
defined

but [f | = |f,,| newton's third law
=>1t,cm,

mm,

=f,=k, (k,-some constant)
r
m,m
r

Hence newton’s law of gravity is deduced.

Sol 22: Newton'’s law of universal gravitation states that
every point mass in the universe attracts every other
point mass with a force that is directly proportional to
the product of their masses and inversely proportional
to the square of distance between them.

mm,

r2

foc

Gravitational constant (G) is a empirical physical
constant involved in the calculation of gravitational

force between two bodies. In simple terms it can be
sides the proportionality constant for Newton's law of
gravitation

2

G =667 x 104N (mj
kg

. . fl?

Dimensional formula [G] = —

m?

_ GMm

r2

2
M FE

f

[f]

[r1? m

It supports Newton's law empirically

Sol 23: The distance travelled dx in time dt is dv

= v.dt

Area swept by radius vector

- -

dA = 1 r x v dt
2

dA, = L dtand

N ErA v, dtan
dA; = 1 rv dt

2 p-p

.- dA - Constant, (Kepler's 2™ law)

dt
=TIV, =y,

The time taken is different as

area of SBAC + SCPB

Sol 24: T> c 1

2 2

)3 )3

:> r_l = [_1J ’: r1 = |"2 [_1J
) T T

genrL=R T, =32T, =256

=r =4R
3

r )2

Sol25: " T, =T, = {—1J (kepler's 3 law)
I.
2

h

)

N

3

1)2
- T,=365 {Ej = 129 days

1 year would have 129 days.
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Sol 26: For planetary motion,

1

—mv

2

2

2nr

_ GMm

v- [2GM
r

V=—,;=>T=2n
T

=M=

2GT?
4.7 (149x10M)3

n)’r’

T53

2GM

 2x6.66x107 x (365 x 24 x 3600)°

=1.972 x 10*° kg

2.3

Sol 27: M = (2m)r ;
2GT?

r=15x%x10"m

T = 365.3 days = 365.3 x 24 x 3600 seconds

M = 2 x 10°Kg

=G=
2x2x10°° x (365.3x 24 x 3600)°

_ @enr

2MT?

4(n)?.(1.5x10M)3

= 6.69x 107" m2/Kg=

Note: For calculation purpose, you may take 2 = 10

SoI28:g=%
2
;
M= 9°
G
_ 9.8 x(6.37 x10°)?

(6.66x1071)

Mean density =

3

Sol29:g = —
r
GM
Ag = -
3
Ag Ar

—Tr

3

=6.025 x 10** kg

LG
.

3 3

T

[SSRINN

9.8

dr r3
-2GM
3
Ar;ﬂ: r Ar
g oM
2
Ag

AT 100 = 2.5%: = 29 % 100 = —2(-2.5)
g

r
=5%
.. Acceleration due to gravity increases by 5%

Note :- Try focusing on the sign convention. It you get
confused, use common sense which implies when body
gets denser, its g increases like a black hole, etc.

Sol 30: g o« =
2
2
&:(2} L =T gl
! 2 1. |—
9, n g,
91_2. —
= = ,:>r2—r1\/§
9

Height=r,—r =1 (\/5—1)

= 2649.6 km

Sol 31: wt « i

r2
r 2
W2 = W1 (—l]
b
r, = 6000 km
r,= 6600, 18000, 2400 (r, = r, + h)
W1 =80 kg wit.
forr, = 6600
2
=80 22900 _ 6612 kg wt
6600
forr, = 18000
6000 \
w, =80l —— | =8.89kgwt
18000
for r, = 24000
6000 Y’
W2 =80 ——| =5 kth
24000

Sol 32: g ata depthx, g = G—3M (ry,=x)
o
GM

(ry + h)?

g ataheight h, g, =

g9,=gh
By substituting we get solution

But for some intelligent manipulation
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m -GMx
gx=g—3(ro—x):>Ag= 3
o o
g GM
5
Ag = - 2GM Ar (Differentiation)
X

. g is equal = Ag is equal

= - 2G'\/lArz—G—alle;:Ar:

o

o

Ar=n
x=160km;:h=? = 80 km

= It is same at a height 80 km

Note: h<<r, is assumed hence we could apply this method
of differentiation

Sol 33: Energy required = Total change in energy Initial
GMm
energy = — R

Find energy =P E + K. E

GMm 1
— + —
3R 2

(r = 3R because altitude = 2R)

VZ

For orbital motion, centrifugal force = Gravitational for

mv? _ GMm

r r2
1 .  GMm
2 2r
Mm (substitute r = 3R)
. GMm  GMm GMm
= Final energy = - =
6R 3R 6R
= Energy required = - GIVI_m - GI\/I_m
gy req R R
_ 5GMm
6R

Sol 34: Kinetic energy = Change in potential energy

1 . GMm (GMm
> -—-mv=s-——- | ——
2 r R

1 1 1V
:>—:——__
r R 2GM

1.1 1V

r R ng

1_1 1 10°

r 6400 2 9.8x107 x(6400)>2

r=2.56 x 10* km

Sol 35: Orbital velocity v = M
\/ r
_ [aMm _[qr?
R+H R+H

g=98ms"

R=6.38x10°

H=250km = 2.5 x 10°

v =7756.6 ms™

1o 20 _ 2nR+H)
v v

T=05373s

Sol 36: Let orbital velocity = v

=>v= 4/% where m = Mass, R = Radius of point

(D)

=27

= 5064 s

4nGp

Sol 37: For escape velocity

l 2 _ GMm

2e T TR
2GM

V = [

e R

v, = 420R

= 2x1.63x17 x10°

= 2.354%x10° ms™



Sol38:v_ o« ,|—
Vo Mn Re
Ve Rm Me
M D
Me Rm
M
given = —m 1
M, 9
Re )
R

\/:— \/:—528kms

M_ = Mass of planet mass

R, = Radius of planet mass

Exercise 2

Single Correct Choice Type

Sol 1: (B)gmi

2e[2) = (f

=r’=2R; = altitudeh =r, -
h=R

Sol 2: (A) Net acceleration at equator
9' =g - R’

(Rw? is radial acceleration)

.. Weight at equator mg' = mg — mRw?
acceleration at a depth d

_ 9R-d) _g-94

gd_ R
given mg, = mg'
2 2
:mg—meZ:mg—ngdzd: R
g

Sol3:(B) g = G_2M

r
m—inr3 ':>g—ircrr
3 P 3

rp = constant

R l(pz =5 given
P1

". Radius to be changed by a factor of %

Sol4: (B) T = zn\/z
g

GM

1.
Ocﬁ,g r2

1 _r . h_n M
\/5 M T, M
=T£ﬂ
M
M
i:z;—lzl T, = 2seconds
r. M 2

s T,=(2%2) (LJ = 2\/5 second

Note: Time period of a seconds pendulum is 2

seconds.

Sol 5: (C) Inside the shell, the gravitational field due to
sphere is zero, but there is gravity due to particle.

vi_g
R 2

| <o

Sol 6: (A) g -

N [

;=

26GM _ Jz%m

vV =
€ R 2 R?

g \/vz
= || =|(4R) = ,|—(4R

2( ) R( )
v, =2v
SO|7:(A)VOC\/M

R

M ﬂTt.Rap
Mo 3 o« R*; =>vaeR
R R
_Va R,

A Rg

Physics | 10.51
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Sol 8: (B) v, = JZGTM

PE at surface = GI\/I_m

R
PE at centre of earth = 3GMm
KE = APE = 1GMm

2 R
1 ., 1GMm GM
—-—mve= ——— | = —
2 2 R R
v

Sol 9: (B) Potential at surface = Potential at center for
hollow sphere

Potential P = —@
r
r = radius
Letp,= - M
o
new potential P = — GM _ _2aM
o )
2
P<P,
.. Decreases

Sol 10: (B) g o« —
r2

Sol 11: (A) In A, both 5M forces, cancel each other
hence net force is proportional to (3M — M) and M (at
center)

The same is for B.
L F=F,
fo>f

Similarly f_ oc 3m-m)2m .. f_> f,
same is for F
sFo=1,

FA:FB<FC:FD

Sol 12: (B) It moves tangentially as there is no
centripetal force.

Sol 13: (C) Time period of a geo stationary satellite is
24 hrs but due to the given situation, it moves twice
above same point in one day

.. Time for successful interval interval = 274 =12 Hrs

Sol 14: (A) Let centre of mass be at a distance ¢ from
4m

=4m/’ =md-/¢)
=/ :9
5

_ A
5
Both bodies have same angular velocities

=> Orbital radius of 4 m = Q m

\
= — = constant
r

= v = Kr (K = constant)

kd 4kd
— V = —
am 5 m 5

2
KE,y _ 2 M0an)™ (1) 1
KE. 1 " la) T a
m Em(vm)2

Sol 15: (C) C-options defines the information about
the escape velocities

B-option it is elliptical path

Sol 16: (D) Change in potential energy

AE = GMm  GMm _ GMm
R 2R 2R

Final velocity or orbital velocity

_ [em
DITAR

Change in PE = Change in K.E.

GMm _ 1, 1

2R 2 2
lmvz—G'\/Im +1m M
2 2R 4 R
1 3 GMm
—mvic T, T

5 4 R

1 3

Smvi = =mgR

2 2 M9

.. Energy required is % mgR



1
Sol 17: (D) K.E « -

oo Ais KE.

Total energy > Potential energy,
. 1
total energy, potential energy o - =
r

.. Cis total energy

B is potential energy

Sol 18: (C) Kepler's 2™ law, areal velocity is constant.

Sol 19: (B) Let final velocity of 4 M be V,
5MV = 4MV, - MV
(Conservation of linear momentum)

=V, = %V

nowV = I%
r
v, = [2M L=y, s 2V
r

ie,V, >V,

= Body gets unbound

Sol 20: (C) T e 32

3
L _l.(np_l
T, 2\ 2

r
= I’2 = I’1 [%j = —1
(4)3

Sol 21: (A) Consider the planet to be at one of the

vertex.
Let its distance from sun be r, velocity be v.

Area covered in time dT

dA = lrv.dT; Zd—A =vr
2 dt
2mdA  dA A
mvr = ——— , _— = —
dt dt T
. Angular momentum = ZmTA

Sol 22: (A) d—A oc rv
dt

Voci‘.'. dAoc«/F

o de

.. ratio of their area velocity

.
= i:\/i:hz
r, 4

Sol 23: (A) Field due to gravity E, = %
R
m ZiTCR3,' B = iTerR
3 3
Field due to infinite plate E, = 2nptG
(t =H) = 2npHG
E,=E

. gnGpR = 2npHG ;= H = Z?R

Sol 24: (C) Maximum speed occurs at least distance
dA 1

— -V
dt 9 min “max.

4x1016:%x2x1012xv

v=4x10*ms™

o v =40 kms™

Previous Years' Questions

Sol 1: (C) g = G—';/l
R

1
org « -
g will increase if R decreases
Sol 2: (&) aU = MI"
h
1+ —
R
Given,h =R

m_g:::%ng
1+—
R

AU =

2
MY R-572: v oc R34

Sol 3: (B)

Now, T = —2TER
v

Physics | 10.53



10.54 | Gravitation

2
orT? [EJ
\%

2
R
2
or T? oc (R‘3/4 J

or T? «c R72

Sol 4: (B) From Kepler's third law

T2 rPor T o (r)¥?

. T2 . r 3/2
T ) n
3/2 1
orT,=T, (QJ = (365) [—]
. 2

1

3/2

T, ~ 129 days

.
Sol5: (D) Tox “ie, 2 = |2

\/a T 9,

where g, = Acceleration due to gravity on
Earth's surface
=g
g, = Acceleration due to gravity at a height

h = R from earth’s surface = g/4

- g |L_|g9
Using gh)—=>— | == [—— =2
( hjz T g/4
1+—
R

Sol 6: (C) Time period of a satellite very close to
earth’s surface is 84.6 min. Time period increases as
the distance of the satellite from the surface of earth
increase. So, time period of spy satellite orbiting a few
100 km above the earth’s surface should be slightly
greater than 84.6 min. Therefore. The most appropriate
option is (C) or 2 h.

Sol 7: (D) In case of binary star system angular velocity
and hence the time period of both the stars are equal.

Sol 8: (B) In circular orbit of a satellite, potential energy

= — 2 x (kinetic energy)

=-2x %mvzz—mv2

Just to escape from the gravitational pull, its total
mechanical energy should be zero therefore, its kinetic
energy should be + mv?

Sol 9: (C)

y :\/ZGM:\/ZGXmM ~10x11=110km/s
esc R R /10

Sol 10: (B) g = GM/r?

Sol 11: (A) g' = —M2 acceleration due to gravity at

height h R+h)

g GM R’ R Y
= == — :g

9 R? R+h)y R+h

1 (RY R 1
="=—| = ==
9 R+h R+h 3

=3R=R+h=2R=h

Sol 12: (C) Position of the null point from mass m,

r r
XZ—:g
1+ 4m
m
ro2r r

Sol 13: (D) To launch the spaceship out into free space,
from energy conservation,

_GMm+E:O
E:Gl\/l_m: @ mR =mgR
R R?
=6.4x10")
Sol 14: (A) :lmvg_Gm_le GM_GmM

2 3R 2 3R 3R

B GmM[l 1] _ -GMm

3R {2 6R
E = -GMm LK
R
E =E
K- 5GmM
6R



Sol 15: (B) Potential at point P due to complete solid

sphere
__GM[ 2 (RY

2R3 2 /
__GM 3R? _52

2R3 4 /
__GM[1R®)__11GM

R3| 4 8R

Potential at point P due to cavity part

M
~ 3%%  3aM
2R 8RR
2
So potential due to remaining part at point P
_ -11GM  (-3GM
TR _( 8R j

~ -11GM+3GM _ -GM

8R R
Sol 16: (C) GmM  GMm
[o} . =
R +h)? R
\%
GM
V=, [—
R
1 vf—GMm:O
2 R

/ZGM
V) =4[ ——
R

av = (SN2 -1 = JGRWZ -1
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JEE Advanced/Boards

Exercise 1

Sol 1: «—(—

I L |
as

consider a small strip of rod of length d / at a distance
¢ from the small mass. Let the mass of strip be dm

df = G—ZMdm (df= force of attraction between the strip

4
and small mass)

dm =odl
where o is linear density of rod
M
c=—
2L
= df = % odl
2
integrating from L to 3L

Note: Try understanding the boundary conditions. It is
most important aspect of physics. Here it is integrated
from L to 3L because the rod starts from distance L till
distance 3L from the small mass.

Sol 2:v = 1/26—M
¢ R

Kinetic energy = Change in potential energy

1 GMm GMm
—mv? = - - -

2 r R
lm.(k.v)z _ GMm B GMm
2 € R r
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111 . o6M 1
R r 2 R GMm
1 1 K

= ——-= = —

R r R

=>r= R

1-k?
height = r -
2

_ R R- k’R
1-R? 1-k?

k’R

Hence it will rise to a height of

k2

Sol 3: Consider a small path on the ring of length d 7,
which subtends an angle df at the center. Let its mass

be dM

[ L+ a?
a
c

do >

Ring Side view of ring
d/ =adob

dM =cd/
. . . M
r = Linear density of ring = —
2na

:dM:ﬂ.ad

0= Mo
2na 2n

Let the particle be at a distance < along the axis from
center.

Potential energy due to — Mass patch

d.= GM .dM (m = mass of particles)
r
_GM M
r 2=«
r=+%+a
E 2n
M
[dE = | GMm_ 1 49
0 o2 +a? 2m
E= GMm 275 GMm
2 + 22 2n 2182

Kinetic energy = Change in potential energy

1 ,_ GMm GMm
—mv? = -

a /a2+L2
%mv2 = (Ja’ +1? -a)

a(a +€)

2GM [
vV = (Wa +€2—a)
\/a\/a + 02

Here given ¢ = a

26M (2 -1)
a 2

Sol 4: Let the height be h

g= 5 (above the surface)

(R+h

g below the surface

_ GMR-h)
= T

GM_ _ GMR-h)
= R+hy RS

=h>+hR-hR?>=0
h = 0 (which is an obvious solution)
h? + hR-R?=0

R +4/3R?
2

V3-1

h-—(

h=-

h > 0)

Sol 5: (i) Maximum height = 8R

= Distance from center of earth (r)
=8R+R

=9R

Kinetic energy = Change in potential energy

1 ., GMm [ GMm
=mv? = - - -
9R R
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l6cM = 4 [GM _ GM, (X_E]
V= (V= —  — 3 >
9R 3\R R

(i) Half minimum height = 4R forx >R
=r=4R+R=5R E=E -E
GM GM
1 GMm GMm == — +
= --mr=—- —— - | ———— 2 RZ
2 9R 5R 8()(_}
2

.. [BM 2 oM
Vasr " 3\ SR _G™M| 1 8

) 2 2
3)

Sol 6: We use principal of superposition gravitation

field due to sphere |

M = —nR’p,
GM 3
E1___2;X> RI
X 3
nGp,R 1 8
=E= -2
6 RY X
X—i
)
E=E -,
I I GM GM R
GM R e
=———x;x<R R R
_ &M
Let M, mass of sphere Il JR2

Here the center is at Ehence distance function is  'fis independent of x, hence uniform

R
R- o Sol 7: Potential energy due to planet, at a distance r
L from its cents
Assume sphere is uniform
G(3M)m
:>M=§TER3 PE, =- ; ;2R <r<5R
3 Potential due to plant 2
4 (R 1(4 3 M
mz:_ﬂ[_J:_(_nRj:_ PE, =~ GMm'R<r<4R
3 (2 83 8 B, 6R-1) '
GM,
E,=-—F= x<0,x>R —
(X—R] R
2 2R
GM PE = PE, + PE
_ 2% R 0<x<R 1 ?
R 2 __3GMm _ GMm
[ZJ r 6R —r
:—G—M x <0, x >R E(r) = - GMm §+ !
r 6R-r

2
o(r-5 ]
2 Differentiating



10.58 | Gravitation

dE 3 1 471G
— =-GMm |-2-———(-1 _ [AnbGrp
dr m{ r2 (6R—r)( )} VaNT 3

For maximum E1ﬁ =0 Escape velocity V_ = 4/2GM
dr

= _3 + ! =0

r? (6R =r)? _nrg 2p = /lanr

6v/3R V
=r=
\/§+1

For particle to reach other side it is sufficient if its An bGrp 16npr
velocity is zero at

6v/3R
rO = bre

\/5 +l = I“P = 7
i.e., K.E = 0 at this point 3

4x107° x6400
— 6v3R = YT X
- Speed is minimum at r; = N 2
3+1
r, = V6.4 km
= 3R -43)
Potential energy at x = 2R Maximum radius of planet is 6.4 km
. PE, + PE, GM
Sol 9:V = 1/— where V = Orbital velocity
_G3M GMm _ 17GMm r
2R 6R -R 10R

Potential energy atx = 5R Vv, = GZE—IF\{A V= GM (r = R + height)
= PE, + PE,

. \%
Angular velocity o= —
GBM)m  GMm

5R 6R -R

_ Y fam _/GM
=—§WTmPE(2)<PE(5R) T RAR 3R

Relative angular velocity o, = o, + o,

PE(r,) — PE(2r) > PE(r,) — PE(5R)

Hence it has maximum speed at x = 2R GM [ 1 1 j
) "R 202 33
Sol 8: Maximum range = v ; o 21
g = — =
2 WR [GM 242 +343
b = " R® 66
3
- Jog= [2CM 27R? (6v6)
r. JGM(2V2 +343)
4 3
M= —nrp . )
3 Sol 10: Let d be distance between them. Distance of
centre of mass from m
bG 4 ;
=v= [T Md 2d
re 3 r“| = r, = —

m+M " 3



GMm _ 2GM?
R

Gravitational force = Centrifugal force

2GM?  mv} - [4GM
d? 2d " 3d

F=

3
22 2
T= Er T3 2md?
vi ' JagM  3GM
3d

m = ?5 (M, = Mass of surfs)

w

2nd?
GM

S

s T=

3

2nd?
,/GM

S

Time period of earth T_ =

givenT:Te;:>d =R

~GMM.

Sol 11: Total energy = Z—J
g

2 2
=_G[M_]x@3)=_ 6GM
a a

- 6GM?
Final energy = -
2a
: 6GM?  6GM?
Change in energy = - +
2a a
_ 6GM?
2a
2
. Work done is
2a
Sol 12: Potential = GM
r
. . 1 1
.. Change in potential = GMm| = - —
R 2R
_ GMm
2R

K.E. = Charge in PE

1 . GMm . _ [GMm
—mvi= —— ;v=,[—
2 2R R

Inside sphere v is constant

f 3
oo Time = E =2 R—
v GM

Sol 13: o, = ZT"

Angular velocity of earth
o, = 2% (T, = 24 Ho)

To
(,l)r = (,L)1 + 0)90f(,01—(!)e

-1
®  2m, 2

T T

24+15)"  (17)" 5\
= =|=—1 hrs, |=| hrs
2415 24 8

Sol 14: For a satellite

|K.E| = %|P.E.| = |total energy|

E,=-2x10°)

= U, =-4x10%K, =2x 10°
U,=-2x10°

—E =-1x10%)

AE =1 x10°)

.. Energy required is 10° J

Sol 15: Total energy = - GMm’ r = Radius

. GMm|[ 1 1
.. Changeisenergy = ——— | ———
2 R, r

e

t = Change in energy

:t_GMm 11
T 2C (R, v

e

Sol 16:

<

Angle of view = 20

R
= 2cos*1§ = 2(60°) = 120° = 2n

Angular velocity of earth o_ = 2n
0

(T, = 24 Hrs)
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Angular velocity of satellite ® = G—'\g

-

Relative angular velocity = o -
e

GM 0 2n

e, T~ = ——————
8R> o 5[ [Gm
eR? ¢

Sol 17: Let final velocity of launch pad be x
= 3mv, = m(x + v,) + 2m(x)

2v, .
D X = —— |
3 0]

Angular momentum = mvr
2v,
=m. T (3Rm)

L=2mv,R . (i)
Angular momentum is constant
~mvx.R =1L

m

=mv_.R =2mvR
X m 0 'm

v=2vy, (ii)
AKE = APt
= lmvz—lmx2 = GMm i—i
2 2 R, 3R,
=V =x% + 2GM L
3R,

Now satellite equals

/GM GM
V= — =V, = o
r 3R,

GM

— 2 . 2 — 2 2
— = Vi,V =X +4v]
3R,
2v
x=—2 = —+10v
3 X
cos0 = Y =0 = cos™ 2V
VI N 2410

_ 3 e
= c0s0= — = 0 =cos \/E

N

Sol 18: (a) Orbital velocity V = %

(b) At maximum distance, they are mutually
perpendicular radially about the winter of planet

.. Maximum distance = \/5r

(c) Their relative velocity = \/EV = 4/%

Sol 19: Gravitational force

_ GMm

r2

F

_ GMm
r
.. Net force at a height r + Ar

= GMm (l_gj

r? r

= AF = Ar

Centrifugal force f = mrw?
Af = mw?Ar

.. Net centrifugal force — f + Af

Mrw2 [l+ %j

Ar
mrwz(l+—j _ GMm [l_gj

r 2 r

AT GMm 2Ar
= mrw + _—
r r2 r

mrw? = Mm

=mg (.. satellite moon)
r

64x1073

T =3Mg 2l =3x100x10
r 6400

T=3x102%N

Sol 21: (i) PE = (_G“é'mjg . 3[_GMm]

VR

(i) Centrifugal force = Force towards center

2
mv® _ GMm . (GMm \@]R

R R?

3Ry 2

Lo | [eM@VBR)
R 23



Sol 22: Surface area of earth A = 4nR?

R
cos O = —
X

Area covered by the satellite on surface of earth
A, = 2nR*(1 - cos 0)

where 0 is semi-vertical angle

- Area out of reach = A- A,

= 4nR? - 2nr? (1 — cos 0)

= 2nR*(1 + cos 0)

R
- anZ [1"1‘ ;j

Sol 23: (a) M = 2m

Center of mass from m (r,) md
m+m
4, , d
=— ;=>r=—=
3 3
Force between them (t)= Gl;/l_zm
_2GM?
= 7
Let velocity of mass m be v,
2 2 2
m
™ L ™ 26M
n 2d d
3
/4GM ) 2t 2mr
:>V1 = _ T = —_— = —
3d w %
ZnXE

3d
by Ym = Ym
m rM
2
bn MVl _ l(rﬂ] - Loy
Ly 2mv r. 21y 2

—

m -
LM

1
o) k==mv?
(@] 5

1 5
K 2™ _ m [rﬂj 1(2)2
Ky %mvrzn 2m | n, 2
n _,
ky
Sol 24:

Let S be satellite, M Mumbai, C center of earth.
¢ =30°
letSC=r
MC =R
=rsind =(rcos¢—-R)tanq

2
sing . {TmJa

=0=tan”| T g |;r=
cosdp—— 2n
r

T =24 Hr
JGM = Ry
R = radius of earth

Upon substitution we get

32
6 = cot™ [‘/7 ﬁ]

Sol 25: Angular velocity be ®

mro? = mg
2
co=2—n;mR. (2m) =mg
T T2
T:27t\/E
g
GM
9= —

Physics | 10.61



10.62 | Gravitation

= E iTthr
RZ 3
L T=2n FZ
GR.—
3P
r- [
Gp

Exercise 2

Multiple Correct Choice Type

Sol 1: (A, D)
= GZM; r>R
r
@r; r<R
R2

Sol2: (A,D)f, =1,
= m,a, =mya,
=ifm, <m,

Soa, > a,

Total energy is constant, by law of conservation of
energy centre of mass is in motion in the reference
from of the masses.

Sol 3: (B, C, D) Everywhere gravitational field is zero
which is same everywhere inside the spherical shell.
Everywhere potential is same as — dE _ 0

dx
i.e., gravitational field is same. Potential inside sphere is

equal to that on surface.

Sol 4: (A, C) The satellite will always be in orbital
motion at every instant

|ul = 2]k|

|Au| = 2|AK]|

u=-2k

= Au = - 2Ak

“ Auis —ve

hence kinetic energy increases

L =mvr

AL = mvr (£+£]
v r
U=_GMm AU = GMm Ar
r r2
k = 1mv2
2
Ak = mv Au
Au = — 2Ak
GMmArz—vaAu

r

GMmAr = 2[%mv2]

r2

ﬁ:-lﬁ;jALzmvr[H]
r \% 2r
Ar <0

=AL <0

Sol 5: (B, D) Communication satellites are geo
stationary.

Sol 6: (A, C, D) Only potential energy increase

_ GMm
r

PE =

1
v decrease; v oc —

\/;

and hence angular velocity and centripetal acceleration
decreases as r increases.

Sol 7: (A, D) Acceleration is always directed towards
centre of earth. Centripetal force.

Sol 8: (A, B, C) v 1',Tocr3/2
r

.. Speed is maximum and time period is minimum

Potential energy is minimum

(2

Sol 9: (A, D) Satellite has to be above equator at some
time

2
T=2n (LJ .L ; r = radius of orbit
R) g



>2ﬂE

g

2
‘-'r>R,(—j > 1
R

Sol 10: (A, B, D) T « R3?
505,05, =143 =1:8

V oc %:v1:v2=4”?:1”z=2:1

Angular momentum L oc
L:L=1:472=1:2
Let velocities be 2k, k

2

Relative velocities are 3k, k
iev,iv,=3:1

Relative radii = 4R + R, 4R - R

=5R, 3R
ie.R iR, =4:3.
v
o= —
R
., . O :il
"% 573
0 :0,=9:5

Assertion Reasoning Type

Sol 11: (C) There is no such real radial force. It only
appears in moon's frame of reference as centrifugal
force.

Sol 12: (B) Statement-| is true because there is no net
acceleration downward in it.

Sol 13: (D) Geostationary satellites have fixed orbital
radius and do have 24 hours of time period of revolution.

Sol 14: (D) Statement-l is only true long distances
between them.

Sol 15: (A) For travel, energy required

= maximum PE — PE at surface

Comprehension type

Paragraph 1:

Sol 16: (B) Let PEat o =0

GMM
Final PE= —1 -2

final distance between center of masses
d=R+ 2R =3R
mass of small sphere is m

mass of smaller sphere

~[3] ()

=8m

: GM8m _ 8GM’
Final energy = =

3R 3R

Let initial velocities be v,, v,

Let final velocities be v,, v,

since centre of mass is at rest
vy, =-ev,

(e = Coefficient of restitution)

|V3| = E

. 1 1
Similarly Emvf1 =7 [%mvi}

~. Final energy = %mvg + %mvf1
S Y Y

412 2
_ 1{8Gm’

41 3R

_2Gm?
3R
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Sol 17: (A) Change in PE = kinetic energy

2 2
26M* _ o (_8GM
3R R

6GM?>  GM(8M)
3R 4R

= PE =

..Maximum distance between them is 4R
Note:- Try deriving the result

- -
V3 = — eV1 used in the problem. Here centre of mass
is at rest.

Paragraph 2:

Sol 18: (B) Area of ASBC > ASBD
Lt >t

Kepler's 2" law

Sol 19: (C) |u| > |k| always

Because if |k| > |u| body escapes from the suns
gravitational force

Paragraph 3:

Sol 20: (B) Self energy of a uniform sphere of radius R
and mass M is given by

_3GM
5R
.. Change in energy

__3GM2( 1 _1]

5 |R/2 R
_ 3GM?
5R
Increase in temperature = ehergy
M.S
_3GM? 1
5R " MS
_ 3GM
5RS
3GM
Sol21: (A) T, = ——
AT, 5RS

V- 5SRT,
3G

Note: Study the self-energy of objects here is a
derivation.

Consider a sphere of density p and initial radius r initial
-4 5
mass m = —nrép
3
Let additional mass added

dm = 4nr.drp

GMdm
r

Increase is energy dE =

Ginr3p.4nr2drp
dE= —3

r

dE

2
N R

R 2 5
EzjdE:@pz.G_r—
! 3 5

(M is final mass)

iTcR3
3 2
m? R° (41:)
=>E= ——F—. =X 3
3)%
3
2
E= 3GM
5R
Paragraph 4:

Sol 22: (D) 1 Bose = 1 Newton
C

Let T be tension in the string.

Let a,, a, be acceleration of m,, m, downward

gm; -

m; . I
where oMy is downward r gravitational force on m,

c
2
9IMm _t
Similarly a, = | —< c
m

2

a, + a, = 0 by constrain equation



. 2x5x2°x4% 1

22 + 42 c
o 32

C
T = 32 Bose

Note: If you do not know bose, try guessing what it could
be. 1 newton is the force which is produced when an
object of mass 1 kg moves with an acceleration of 1 ms=.
Similarly define bose. This is the best assumption you can
do with the given amount of information.

2
Sol 23: (B) Force due to gravity F = gm. =gm? bose
C

force along slope f, = fsin 6
f=A
=fsin®

= gm?sin 6 bose
1
=5x (2% =
x (2) 5

=10 bose

Previous Years’' Questions

Sol 1: (A) Force acting on astronaut is utilized in
providing necessary centripetal force, thus he fells
weightlessness, as he is in a state of free fall.

Sol 2: (A) The gravitational field is zero at the centre of
a solid sphere. The small spheres can be considered as
negative mass m located at A and B. The gravitational
field due to these masses at O is equal and opposite.
Hence, the resultant field at O is zero.

(c and d) — are correct because plane of these circles
is y-z, i.e., perpendicular to x-axis i.e., potential at any
point on these two circles will be equal due to the
positive mass M and negative masses — m and — m.

So|3:(B)Forr£R.F:G—';/I,rorFocr

R
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F r.

L =1 forr,<Randr, <R

Foon

AndforrsR,FzG—MorFoci
2 2

2

r
=izforr1>Randr2>R

n

F

e, L
F

Sol 4: T o r*/?
orro T?3

I

2/3
5_|T
n L
2/3
T

27 _ 2m)(0%)

I

3 2/3
1:(-} (10*) = 4 x10* km

Now, v, = =2nx10* km/h

T 1
2 4
L _27™h _(2m)(4x10 ):(Tc><104) cn/h
2T 8

2

(a) Speed of S, relative to S,
=v2—v1:—1r><104 km/h
(b) Angular speed of S, as observed by S;
x10% x i m/s
18

(3x10” m)

|r2—r1|

r

=03x102rad/s=3x10%rad/s

Sol 5: Centre should be at O and radius r. We can
calculate r from figure (b).

F
r 0° Fnet
P\ 3Q°
a/2 F
(b) ()
£:cos 30°:£ r_i
N

Further net force on any particle towards centre
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Fnet = 2F cos 30°

A7

a’ 2 a’

mv?
This net force should be equal to —
r

Bem? m? - [Gm
SR 5 '/a

Time period of circular motion

c2m _2m@3) _, | @
v JGm/ a 3Gm

Sol 6: (a) Orbital speed of a satellite at distance r from
centre of earth,

V.= G_M— G_M (|)
0_\} r - R+h

V., J2GM/R _ [GM

Given, v, =—S="_"_ —_— (i
02 2 2R W

From Egs. (i) and (ii), we get
h=R =6400 km

(b) Decrease in potential energy=increase in kinetic
energy

orlmVZ:AU.'.v:JZ(AU)
2 m

2[mgh]
R R
m

(h=R) =+/9.8 x 6400 x 10> =7919m/s =7.9km/s

Sol 7: Let there are two stars 1 and 2 as shown below

Let P is a point between C,and C,, where gravitational
field strength is zero or at P field strength due to star 1
is equal and opposite to the field strength due to star
2 Hence,

.
n ) f

4
r+r,=10a..r,=| —— | (10 a)=8a
12 2 (4+1]( )

andrp,=2a

Now, the body of mass m is projected from the surface
of larger star towards the smaller one. Between C, and
P it is attracted towards 2 and between C,and P it will
be attracted towards 1

M M
Cl r 'ID ry Cz
a U
J 2\,
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Therefore, the body should be projected to just cross
point P because beyond that the particle is attracted
towards the smaller star itself.

n

. . 1
From conservation of mechanical energy 5 mv?

= Potential energy of the body at P — Potential energy
at the surface of larger star.

1, GMm 16 GMm
S MW = | - -

GMm 16 GMm}

r _10a—2a 2a
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1, 48 GMm
Or =m min :[?j a

Sol 8: Speed of particle at A, v, = escape velocity on
the surface of earth

_ [26Mm
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B®v,=0
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At highest point B,v; = 0

Applying conservation of mechanical energy, decrease
in kinetic energy = increase in gravitational potential
energy
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Solving this equation, we get

h=995R
GM G(gn 3)"
Sol9: g=—-= > or g pR
R R
orRocg
p

Now escape velocity, v, =4/2gR or v, « /gR

2
or v, « gxgoc g—
RS
, 4 [6 3 -
- Welpranet = WLkm ™)y [o=ox = = 3kms !

Sol 10: (C) Forr<R
mv? _ GmM
r r2

Here, M = (gnﬁ’]po

Substituting in Eq. (i), we get
Vocr
i.e., v-r graph is a straight line passing though origin
Forr>R
4 o3
Gm| —nR
mv? (3 ]po
= orvo —
r r? r

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

4 o3
2.Gp—nR
Sol 11: (B, D) V,, = ziM = s = 4(359R

VesocR

Surface area of P = A = 47R2
Surface area of Q =4A = 47tR(22
=Ry =2R,

Mass Ris M, = M, +M,

pgnRs = pgnRg +p§nR3Q = R;
Re =9"°R, =Ry >Ry >R,

Therefore V, >V, >V,

R =91/3andV_P=l
3 V, 2

Sol 12: (B) Inside planet

r 4
g =9 R = EGTCVP
Force to keep the wire at rest (F)

= Weight of wire

9L
4R/5( dr)( Gnrp] [3anj[50jR

Here, p = density of earth =

4 2
§T[Re

R
Also, R =ﬁ; putting all values, F = 108 N

Sol 13: (A) Measured value of r = (10 + 1) mm

Ar=1mm

. Ar
Relative error = —=-—=
r

Average value of

2T
T o
n 5

= T =0.556s = 0.56s

Relative error in time period = 001 _ =179%
0.56
Reported value of (R -r) = (50 £ 2) mm
Relative errorin (R-r) = 20 =4%
T 7(R -r) A(R -r)
(R —r)
A9 _757%

g

=R; +RE =9R]

_(0.52+0.56+0.57+0.54 +0.59) .
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