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Inertial mass : When mass is defined on the property of
inertia, it is termed as inertial mass.

Gravitational mass : When mass is defined on the property
of gravity, it is called gravitational mass.

Properties of inertial mass : It is equal to the ratio of
magnitude of external force applied on the body to the
acceleration produced in it by that force. m=F /a

NEWTON’S LAW OF GRAVITATION

On the basis of Kepler's laws
of planetary motion, Newton
stated his famous law of
gravitation.

According to this law -
Every two objects in the
universe attract each other.
The force of attraction is
directly proportional to the
product of masses and inversely proportional to the square
of distance between the two masses, i.¢., if two masses m,
and m, are separated from each other by a distance r then

m;mp m;my
Foc =5 or F=G—
r T
o .= G.m1m2 -
In vector form of gravitational force is F = — T

where G = universal gravitational constant
G=6.67 x 10711 N-m? / kg2 (unit) M~ 'L3T2 (dim.)
G=6.67 x 10~8 dyne cm™2 gm2
Gravitation force is a mutual force hence it is action -
Fy =-F,
It acts along the line joining two masses. It is a weak
intensity force but its range is infinite. This force is
independent of charge etc., it depends only on mass. The

motion of a satellite and motion of planets around the sun
are consequences of this force.

reaction force i.e.

Example1:

Sol.

Two particles of masses 1 kg and 2 kg are placed at a
separation of 50 cm. Assuming that the only forces acting
on the particles are their mutual gravitation, find the initial
acceleration of heavier particle.

Force exerted by one particle on another

g Gmmy 6.67x1071 ! x1x2

r2 (0.5)°

Acceleration of heavier particle

=53x10710N

F  53x107"°
=—=——=265x10"1"ms2

m, 2
This example shows that gravitation is very weak but only
this force keep bind our solar system and also this universe,
all galaxies and other interstellar system.

Example2:

Sol.

Two particles of equal mass (m) each move in a circle of
radius (r) under the action of their mutual gravitational
attraction. Find the speed of each particle.

mv> _ GMm

o)’

GRAVITATIONALFIELD

The gravitational field is the space around a mass or an
assembly of masses over which it can exert gravitational
forces on other masses. It is characterised by —

(a) gravitational field intensity (b) Gravitational potential.
Gravitational field strength or gravitational field
intensity: Gravitational field strength at a point in the
gravitational field is the force experienced by a unit mass
placed at that point. It is directed towards the particle
producing the field.

The gravitational field intensity is given by E =

g |

- F
Acceleration due to gravity g is also —. Hence, for the
m

Earth's gravitational field g and E are same (Neglecting
earth rotation).

Gravitational field due to a point mass :

Suppose, a particle of mass M is placed at point O. We

want to find the intensity of gravitational field E at a
point P, at distance r from O. Magnitude of force F acting

on a particle of mass m placed at P is, p
m (Test mass)
- GMm
F=- Sy
r2

N

2> F M |
“E=—=— G
m r?
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- GM .
or E=- r

r2
The direction of the force F and hence of E is from P to O as
shown in figure.

Gravitational field due to a uniform solid sphere :

Let mass of the solid sphere is M and its radius is R.

Field at an external point : For calculating the gravitational
field at an external point an uniform solid sphere may be
treated as a single particle of same mass placed at its centre.
Let r = distance of the external point from the centre of the
sphere.

- GM , 1
E(r)=——7T or E(r) c— for r>R
r r

—> M R
At surface E=—Fr forr=R

Field at an internal point : For calculating the gravitational
field at an internal point at a distance r (r < R) from centre
imagine a sphere of radius r, mass M' (uniform density) then
value of gravitational field intensity

G4 ><ﬂ7tr3 ET
o 3™ —
2 r? i
i
M 4 -
:G—3r=Gp§7tr '
R GM [ )
-2

i.e. it is proportional to the distance of the point from
the centre of the sphere.
In vector notation :

-

2 GM
E()=-—-.r for r<R
R
or E(r)cr. Hence, E versus r graph is as shown in fig.

Field due to a uniform spherical shell

At an External Point

For an external point the shell may be treated as a single
particle of same mass placed at its centre. Thus, at an external
point the gravitational field is given by,

- GM .
E(r)= -—— T ET
r i, TSN
For r>R
At the surface of the shell
—> G R Ein:O 1
E:—FrForr:R Eour> 77
GM
=g [

At an Internal Point
The field inside a uniform spherical shell

E=0 For r<R
Newton's shell theorem : Auniform shell of matter exerts
no net gravitational force on a particle located inside it.
This statement does not mean that the gravitational forces
on the particle from the various elements of the shell
magically disappear. Rather, it means that the sum of the
force vectors on the particle from all the elements is zero.

GRAVITATIONALPOTENTIAL(V)

At a point in a gravitational field potential V is defined as
negative of the work done per unit mass in shifting a rest
mass from some reference point (usually at infinity) to the
given point,

. W . .

ie, V= T [dimensions [L? T-2] and unit J/kg.]

It is a scalar quantity. As by definition potential energy

U
U=-W. So, V=;, ie., U=mV

i.e., physically potential at a point represents potential
energy of a unit point mass at that point.

-> >
As by definition of work W = J- F .dr

T - -
So V=——jF.dr:—J'E.dr as
m

dv
dr
Gravitational potential due to a point mass
Suppose a point mass M is situated at a point O.
The gravitational potential due to this mass at point P any

ie, dV=—Edr or E=

distance r from O. P
e r GM . g’ !
V=- E.dr Z—J- ——5 - r.dr
o0 o r2 O¥M
r GM
=I M dr . VZ_%
o0 r2 ? T

Gravitational potential due to a uniform solid sphere:

Potential at an external point : The gravitational potential

due to a uniform sphere at an external point is same as that

due to a single particle of same mass placed at its centre.
GM

Thus, V(r)= - r>R

GM
At the surface, r=R and V= "R

To calculate potential at a point distant r from the centre of
the sphere (r <R) we canuse E =-dV/dr

[
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GM av Gravitational potential energy of a three particle system
= J‘ dv = J' M rdr The gravitational potential energy of the system is the
R dr R’ sum of the gravitational potential energies of all three pairs

GM of particles.

3GM .
= C=- Putineq. (1)

2R
2 2
—-GM@BR“ -17) 3GM
V=——"———> Atcentre.r=0, V=——n
S centre, =0, R

Potential due to a Uniform Thin Spherical Shell
For an external point, spherical shell behave as whole of
its mass is concentrated at the centre, i.e.,

M
V(r):—G— r>R
r
J] r
R —>
1
%m“T
_GM
R

For an internal point (r < R) as gravitational intensity is
zero the potential everywhere is same and equal to its

. GM
value at the surface, i.e., V = "R constant [forr<R]

GRAVITATIONALPOTENTIAL ENERGY

Assume a mass m, is fixed at a point and bring m, from
infinity at a distance r from m; then work done in bringing
m, will be stored in form of potential energy.

—Gm1m2

—Gml _
U=-W=m,V=m, . = .
Hence, the gravitational potential energy of two particles
of masses m; and m, separated by a distance r is given by,

Gmm
v=-——= (1)
r

This is actually the negative of work done in bringing
those masses from infinity to a distance r by the
gravitational forces between them.

m3

I3 3

mj 5P my

If a system contains more than two particles, we consider

each pair of particles in turn, calculate the gravitational
0 (1) as if the other

particles were not there, and then algebraically sum gives

the results.

Applying eq". (1) to each of the three pairs (m, m,),

(m;, m3) and (m,, m;) gives the potential energy of the

_(Gmlmz . Gmmj N Gm2m3\

system as U=
4 12 3 D3

Gravitational potential energy of a body on earth’s surface:
The gravitational potential energy of mass m in the
gravitational field of mass M at a distance r from it is, (r is
greater than radius of the Earthi.e. r>R)

T

. r — r
UP:—IF.df:—I (_GMm f].drzGMmj r2dr
0 r2 00
(r72+1\r
GMm
= GMm =—
L—2+1Jw o Ur r

The Earth behaves for all external points as if its mass M
were concentrated at its centre. Therefore, a mass m near
Earth's surface may be considered at a distance R (the
radius of earth) from M.

The potential energy of m at the surface of the Earth is

U=-——"+—
R

The gravitational potential energy of mass m at a height h
above the surface of Earth is given by
~ GMm

R+h

[ The distance between the mass m and the centre of
Earth is (R + h)]

GMm GMm(, h)' ,
S U=- =- I+—| (Forany height h)

R(1+£] R R
R

3
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So, expanding the right hand side of the above equation
by Binomial theorem and neglecting squares and higher

h
powers of —,weget U= _GM_m[l_£] Forh<<R

R R R

GMm GMmh
or U= _T+ >
R
But Yl =8 (acc. due to gravity) .. U=- GMm +mgh
GMm

But — = gravitational potential energy of mass m at

the surface of Earth.
If we set a reference such the gravitational potential energy
at the surface of Earth is zero then U = mgh

BINDING ENERGY

Total mechanical energy (potential + kinetic) of a closed
system is negative. The modulus of this total mechanical
energy is known as the binding energy of the system.
This is the energy due to which system is closed or different
parts of the system are bound to each other.

Suppose the mass m is placed on the surface of earth.
The radius of the earth is R and its mass is M.

Then, the kinetic energy of the particle K =0

. o GMm
and potential energy of the particle is U = TR
Therefore, the total mechanical energy of the particle is,
E-K+U=0-oMm g-_GMm
R R
o GMm
Binding energy = | E |= R

It is due to this energy, the particle is attached with the
earth. If this much energy is supplied to the particle in any
form (normally kinetic) the particle no longer remains bound
to the earth. It goes out of the gravitational field of earth.

Example3:

Sol.

Find the gravitational potential energy of a system of four
particles, each having mass m, placed at the vertices of a
square of side /. Also obtain the gravitational potential at
the centre of the square. o o
The system has four pairs with

distance ¢ and two diagonal pairs

with distance \/5 {.

T2 ¢

2 2 2 m o 2
o 4Om° ,Gm* _ 2Gm [2+L]:_5.41Gm
‘ NGY, ¢ 2

The gravitational potential at the centre of the square is

(r=+20/2)

V = Algebraic sum of potential due to each particle

Ve 42Gm
14
Example4:

Sol.

Two bodies of mass 102 Kg and 103 kg are lying 1 m apart.
The gravitational potential at the mid-point of the line
joining them is -
(A) Zero

(C) 1.47 Joule/Kg

(B)—1.47 Joule/Kg
(D)—1.47 x 1077 Joule /Kg

GM; GM,

(D). Vy=Vy Vg or V= - : rz

2 103
_ 11| —+—
or Vg—71.47>< 10 05 05

or V,=—147x 107 Joule /Kg

ACCELERATIONDUE TO GRAVITY

The acceleration produced in a body due to earth's
gravitational force is called acceleration due to gravity.
_ GMe - i 2 ; Or Im-2 (4;
g=—5 = 3 7GR d m/s* (unit) ML T~ (dim.)
RC

Weight : The gravitational force that a body experiences

is called its weight. If a body of mass m experiences an

acceleration due to gravity g, then weight of the body is
W=mg

Variation of g :

The value of g depend on the following factors.

(a) Height above the earth surface

(b) Depth below the earth surface

(c) Shape of the earth

(d) Axial rotation of the earth.

(a) Height above the earth surface - If value of gravity at
surface of earth is g and gravity at a height 'h' above
the surface of earth is g' then -

g
g P AP """"
g=—"-> h
([, h \?
— g
L ReJ opP
=T
T
g'=g (1_&\ (ifh<<R))
ReJ 0 R

The decrease in the value
of g on going up a height 'h'
above the surface of earth.

2gh
A= R

€

(b) Depth below the earth surface - if the value of gravity
at surface of earth is g and the value of gravity at a
distance h below earth surface is g' then

[ 4
I'_
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Example5:
On a planet whose size is the same and mass 4 times as

that of the earth, find the amount of energy needed to lift
a 2kg mass vertically upwards through 2 m distance on the
planet. Value of g on the surface of the earth is 10 m/s2 .

Sol. On the surface of the earth g = (GM/r2)
Gx4M g
On the planet g'= T g =4or g'=4g=40m/s?

Energy needed =mg'h =2 x 40 x 2=160 Joule.

([ h) 4 Example 6 :
g=g U _R_J =37 G(R,—-h)d 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?
4 .3
. GM Gp x 3 R 4
At earth's Sol. &= 2 rZ —nGRp (1
surface
g= SM| . Above earth's 4
R2 P : go rlz surface g = ETEG GrRYp )
¥ i Given that, g=g',so p'=p/5
T. =R ) f Example7:
t}inSIdreth zf:i:ncgfftr}??e;}:h At what altitude will the acceleration due to gravity be
cea 25% of that at the earth’s surface (given radius of earth is
R)?
(¢c) Shape of the earth - The earth is elliptical in shape. It (A) R4 (B)R
is flatter at the poles and bulged out at the equator. (C) 3R8 (D)R2
Now, we know that g oc 1/R2, R, <R_; <
& P Ter  BETEp G, GM_ G g M
Sol. . 8=~ 05" 1); 8h = "%
ol. (B) 2 R2 (1) (R +h)>

Pole
g [ R )2 1 [ R ]2 R 1
go “R+h 4 \R+h R+h 2
R+h=2R = h=R

TRY IT YOURSELF-1
Q.1 Two small balls of mass m each are suspended side by
side by two equal threads of length L as shown in the
figure. If the distance between the upper ends of the
threads be a, the angle 0 that the threads will make with the

vertical due to attraction between the balls is —

therefore the value of g at the equator is minimum and

the value of g at the poles is maximum.
(d) Axial rotation of the earth - If the observed value of g a
at the latitude A is represented by g, ,then (A) tan~! (a-x)g < >
g~ 8~ Rem2 0052 A ® G i H
where o is the angular S mG ._4 e
velocity of the earth. (B) tan”! — L 0 0 L
At equator A=0%cosA=1 (a-x)"g H
g, =g R, o’ 5 4
Atpoles L =90% coSA=0 ooofmuremramennncs N () tan”! (a-x)"g 4 H
g = &, mG ".“
2 2
o @ O O O Om
mG » (a—X) ¢
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Q2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

In a spherical region, the density varies inversely with the
distance from the centre. Gravitational field at a distance r
from the centre is —

(A) proportional to r (B) proportional to 1/r

(C) proportional to r2 (D) same everywhere

In the above question, the gravitational potential is —
(A) linearly dependent onr  (B) proportional to 1/r

(C) proportional to r2 (D) same every where.

A meteorite 80,000 km from the earth is moving towards
the earth at 2000m/s. Ignoring air friction what will be its
velocity on impact?

A uniform ring of mass m and radius a is placed directly
above a uniform sphere of mass M and of equal radius.

The centre of the ring is at a distance /3 a fromthe centre

of the sphere. Find the gravitational force exerted by the
sphere on the ring.

Assuming that the moon is a sphere of the same mean
density as that of the earth and one quarter of its radius,
the length of a seconds pendulum on the moon (its length
on the earth’s surface is 99.2 cm) is

(A)248cm (B)49.6cm

(©)99.2cm (D) —_ Cm

f

Calculate the height above the Earth’s surface at which
the value of acceleration due to gravity reduces to half its
value on the Earth’s surface. Assume the Earth to be a
sphere of radius 6400 km.

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

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 separation a. Find the initial
velocity that should be given to each particle for the circular
motion.

Q.10 In the above questions, find the time period.

ANSWERS
@ ® 2)D) 3)(A)
4@ 1.09x 10*m/s. () F = Mg = Y3OMm V3GMm
8a’
© A (7)2649.6km
® U= Mg (21 © v=,om
a a
a3 172
10) T= 2anmJ

ESCAPE VELOCITY

@

(i)

(iii)

@iv)
®

Escape velocity is the minimum velocity that should be
given to the body to enable it to escape away from the
gravitational field of earth.

If the mass of the planet is M and its radius is R, then the
escape velocity from its surface will be

V.= J(2GM/R) = +/(87R?dG /3) = /(2gR) -

Escape velocity from the surface of earth is 11.2 km/sec.
The value of escape velocity does not depend upon the
mass of the projected body, instead it depends on the
mass and radius of the planet from which it is being
projected.

The value of escape velocity does not depend on the angle
and direction of projection.

The minimum energy needed for escape is = GMm/R.

If the velocity of a satellite orbiting the earth is increased
by 41.4% , then it will escape away from the gravitational
field of the earth.

Example8:

Sol.

If velocity given to an object from the surface of the earth
is n times the escape velocity then what will be the residual
velocity at infinity.

Let residual velocity be v then from energy conservation

GMm 1

1 2 2
—m(nv,) ————=—mv~ +0
Smve) ———=7
2GM
= Vz—nsz—T:nzvz—v —(n —1)V

= v=@Wni-1)v,

KEPLER’S LAWS FOR PLANETARY MOTION

1.

First Law - All planets revolve in elliptical orbits around
the sun and the sun is situated at the focus of the elliptical
path.

dA
Second law - Areal velocity (Ej of a planet remains

constant, i.e. the line joining the sun to planet covers equal
areas in same intervals of time.

dA mr® do  J
—— =constant= ———=—
dt 2m dt 2m
Ay
P
Perihelion Sun Aphelion
S S >X
ea ca
¢ 2 < a M

-
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Example 10 :
Satellite A satellite revolves round a planet in an elliptical orbit. Its
/ maximum and minimum distances from the planet are
. 1.5 % 10’mand 0.5 x 10’m respectively. If the speed of the
Perigee <«——a—»\  Apogee satellite at the farthest point be 5 x 103m/s, calculate the
KE = max ; — KE = min speed at the nearest pglnt.
PE = min Fo?us Sem:1 >I<Iil:J or PE=max Sol. Fromlaw of conservation of angular momentum
b=semi Vi_Dn
y minor axis L=mvy =mv,r, or g - ;

Third law - The square of the period of revolution of the
planet is directly proportional to the cube of semi major
axis of'its orbit. T? o a3

Perigee : the position of a planet nearest to the sun is
known as perigee. In this position the speed of planet is
maximum.

Apogee : The position of a planet at the maximum distance
from sun is known as apogee. In this position the speed of
the planet is minimum.

Motion of planets in elliptical orbits - If r| is minimum
distance (perigee) and r, is maximum distance (apogee)
from sun which is at the focus, then from the law of
conservation of angular momentum mV | =mV

V,

max :r_2

V. ]

min

max L min 12

a—-b
a+b

l+e semi major axis

;e= [e = eccentricity]

1—e semi minoraxis

I+

Semi-major axisa =

Semi-minor axisb=a (1 —e?)1/2
Area of orbit = mab = na? (1 — ¢2)!/2

Example9:

Sol.

Imagine a light planet revolving around a very massive
star in a circular orbit of radius r with a period of revolution
T. On what power of r, will the square of time period depend
if the gravitational force of attraction between the planet
and the star is proportional to r~>/2,

As gravitation provides centripetal force

2
mv- K K 2nr 32
= > 1.e., v2 = i T=—=2nr
r /2 » v 32
mr v
- ) 4n’m o) 2 IR
e, T°=——r1""%; so T o1’

________
- ~
.,

. e
______

Substituting the given values, we get ,

5x10°  0.5x10’
1.5%10’

or vy= 1.5x% 10% m/sec
V2

Example 11 :

The Mars-sun distance is 1.524 times the Earth-sun
distance. The period of revolution of Mars around the sun
will be -

(1)0.88 Years (2) 1.88 Years
(3)2.88 Years (4)3.88 Years
Sol. (2). According to third law of Kepler T2 oc 13
3/2
T, (1,
or = &J =(1.524) ¥2=1.88 Years
TEarth IEarth
SATELLITE
(@  Orbital velocity of a satellite (v,) :

b)

In dynamic equilibrium gravitational force provides
centripetal force.

GMem B mvg B GMe _ GMe
2 o TVt N R, +h

For a satellite near the surface of the earth (h < <R),
neglecting h in comparison to R,

v=,/gR, =7.92km/s.

Velocity of projection (vp) :

To set up a satellite at a given height above the surface of

earth it has to projected from the surface with a

predetermined velocity, called velocity of projection.
Loss of KE=Gainin PE

1 GM_m

— 2 —
21’11VP =

__(_GMem\
T (Rg+h) ( R

€

[ 2oMh 170 2en )
Y»7 | R, (R, +h) _L(1+h/Re)J

[
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©

@

Period of revolution (T) :
The time interval during which the satellite completes one
revolution is called period of revolution of a satellite.

circumference of an orbit

velocity in orbit

e e R "
v oM w2 T LR

For a satellite revolving very close to the surface of earth

Re
(h<<R,): T=2n ?:84.4min.

Energy of satellite :

(1) Potential energy of satellite (P.E or U) -
GM.m

or

(i) Kinetic energy of satellite (K.E.) -

KE= l \V¥ _GNI—em
T Ty
(ii)) Total energy of satellite (T.E.) -
GM.m
T.E.=K.E.+PE.=— o

(iv) Binding energy of satellite (B.E.) - Binding energy is
the energy given to satellite in order that the satellite
escape away form its orbit.

1 GM.m
B.E.=—Total Energy = 5

r
Note :

Effective weight in a satellite : Satellite is an accelerated
reference frame, with acceleration a = g towards centre of
earth. W=m(g-a)=m(g-g)=0

Bound and Unbound trajectories :

Imagine a very tall tower on the surface of earth from where
aprojectile is fired with a velocity v parallel to the surface
of earth. The trajectory of the projectile depends on its
velocity.

Velocity Effect

Projectile does not orbit the earth.

It falls back on the earth's surface.

Projectile orbits the earth in a circular path.

v
T; <V < Ve Projectile orbits in an elliptical path.

V=V, Projectile does not orbit. It escapes the
gravitational field of earth in a parabolic path.
V>V, Projectile does not orbit. It escape the

gravitational field of earth in a hyperbolic path.

GEOSTATIONARY SATELLITE (PARKING SATELLITE)

@

(i)
(iii)

(iv)
®

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

Time period of Geostationary satellite is 24 hrs.

The radius of orbit of Geostationary satellite is 42,400 km
and its height above the surface of earth is 36000 Km.
The relative angular velocity of the geostationary satellite
is zero.

The orbit velocity of a Geostationary satellite is 3.08 km/s

Example 12:

Sol.

Two satellites have their masses in the ratio of 3 : 1. The
radii of their circular orbits are in the ratio of 1 : 4. What is
the ratio of total mechanical energy of A and B?
GMm
2r

E =

Example 13 :

Sol.

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. Find the minimum energy required.

We know that, V,, = ,fG—M
r

From energy conservation, U; +K;=U;+ K¢

GMm GMm 1
- —+—mvj
2R 2

GM
& g=—2
R

+ £F=-

2
GMm 1 [ [GM)" 3GMm 3
i =———+-—m|,[— | =———=-mgR
2R 2 2R 4R 4

Example 14 :

Sol.

A satellite can be in a geostationary orbit around earth at
a distance r from the the centre. 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
centre is —

r r
© i O 55

r r
@3 Phn ) @'

GMm
(O). Let angular velocity is @ = mre? = r—2

GM 2 2
(1)2 = _3 , SO 0)1 r13 = 0)21'23
T

2
1'3_1'3(&\ _iﬁl‘ _—rl
- (o) ~E e

[
I'_
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Q.1

Q.2

Q3

Q4

Q5

Q.6

TRY IT YOURSELF-2

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 1/2 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.=V (D)V,=3V

Satellites A and B are orbiting around the earth in orbits of

radio R and 4R respectively. The ratio of their areal

velocities is —

(A) 1:2 B)1:4

©) 1:8 D)1:16

Which of the following are Kepler’s laws?

(1) Each planet moves in an elliptical orbit, with the sun at
the center of the ellipse.

(2) Eachplanet moves in an elliptical orbit, with the sun at

€)

the focus of the ellipse.
A line from the sun to a given planet sweeps out equal
areas in equal times.
(4) Planets move equal distances in equal times.
(5) The periods of the planets are proportional to the cube
of the semi-major axis lengths of their orbits.
(6) The periods of the planets are proportional to the 3/2
power of the semi-major axis lengths of their orbits.
(A) 1,3,5 B)1,3,6
© 1,4,5 D)2,3,6
A satellite following an elliptical path around a planet has
an angular velocity o, when at its maximum distance d
units from the planet's center. At its closest point, the
distance between the satellite and planet's center is d/3.

The satellite's angular velocity at that closest point is:
(A) wfar/ 3 (B) Ofar
(©) 3o, (D)9 o,

A planet orbits a sun in an elliptical orbit as shown. Which
principles of physics most clearly and directly explain why
the speed of the planet is the same at positions A and B?

A

<9

(A) Conservation of Energy

(B) Conservation of Angular Velocity

(C) Conservation of Angular Momentum

(D) Conservation of Charge

Find the period of the circular orbit of our sun around the
center of our Galaxy (take as point mass 4 x 10*! kg) at a
radius 3 x 10* light years.

Q.7

QS8

Q.9

A satellite is in an elliptical orbit around the earth with
altitudes ranging from 230 to 890 km. At the high point it is
moving at 7.23 km/s. What is its speed at the low point?
The planet Neptune travels around the Sun with a period
of 165 year. Find the radius of Neptune orbit in terms of
Earth’s orbit, both being considered as circular.

Suppose Earth’s orbital motion around the Sun is suddenly
stopped. What time will the Earth take to fall into the Sun?

Q.10 The period of lunar orbit around the Earth is 27.3 days and

M
o)
@®

the radius of the orbit is 3.9 x 10> km. Using the measured
value of G =6.67 x 10711 N'm? kg2, estimate the mass of
Earth.

ANSWERS
(A) 2)(A) 3 D) @D
(AC) (6) 200 Million years. (7) 7.95 km/s
30R, (9) 2 months (10)6.3 x 10** kg

IMPORTANT POINTS

The acceleration due to gravity.
(a) At a height h above the Earth’s surface

GM GMg (. 2h)
h) = E __TTE 27
g(h) R +h? R "R, ) sforh=<<Rg
(. 2h) GM
h)=g(0)] 1-— _ GMg
g(h) = g( )L REJ where g(0) = R%

(b) At depth d below the Earth’s surface is

GMg
RE

Kepler’s laws of planetary motion state that —

(a) All planets move in elliptical orbits with the Sun at

one of the focal points

The radius vector drawn from the sun to a planet

sweeps out equal areas in equal time intervals. This

follows from the fact that the force of gravitation on

the planet is central and hence angular momentum is

conserved.

The square of the orbital period of a planet is

proportional to the cube of the semimajor axis of the

elliptical orbit of the planet.

The period T and radius R of the circular orbit of a

T2 = i ) s
planet about the Sun are related by kGMs J

g(d)=

([ d) [ d)
U w2 OUx,)
(b)

©

where Mg is the mass of the Sun. Most planets have
nearly circular orbits about the Sun.
For elliptical orbits, the above equation is valid if R is
replaced by the semi-major axis, a.
Angular momentum conservation leads to Kepler’s second
law. However, it is not special to the inverse square law of
gravitation. It holds for any central force.
In Kepler’s third law and T2 = K, R3. The constant Kgqis
the same for all planets in circular orbits. This applies to
satellites orbiting the Earth.

9
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4.  The escape speed from the surface of the Earth is

2GMg
Ve = R
E

= \/ZgRE and has a value of 11.2 kms™!.

5. A geostationary (geosynchronous communication)
satellite moves in a circular orbit in the equatorial plane at
a approximate distance of 4.22 x 104 km from the Earth’s

centre.

6. If Focr™ then T2 oc (r)!™; If Ucct™ then T? oc (r)’>™

ADDITIONAL EXAMPLES
Example1:

Sphere of the same material and same radius r are touching
each other. Show that gravitational force between them is

directly proportional to r*. Let mass of both sphere are
and m, respectively. The density of material is p.

Sol. m; =m, = (volume) (density) o “

4 3]
=|=nr
[3 P
i4—2r—>§

orF o

Example2:

The initial momentum is zero and momentum is
conserved. Therefore,

1V~ V)
Combine eq. (1) and eq. (2) tofind

viem, |26 |26
FT A (my +my) @42 T NG (my +my)

The relative velocity is

o= (= 2O )

Substitute the given numerical values into the equation
found for v; and v, in part (a) to find

v, =1.03 x 10*m/s and v, =2.58 x 103m/s.

(b)

m
1
Therefore, K; =Em1V12 =1.07x10%]
I 2 31
and Kz :Eszz =2.67x10""]J
4 Example3:

T

Two hypothetical planets of masses m; and m, and radii
r; and r,, respectively, are nearly at rest when they are an
infinite distance apart Because of their gravitational
attraction, they head toward each other on a collision

course.

Sol.

(a) When their center-to-center separation is d, find
expressions for the speed of each planet and their

relative velocity.

(b) Find the kinetic energy of each planet just before they

collide, if m; =2.00 x 10%* kg, m,=8.00 x 10>4kg,
r; =3.00 x 10%and r, =5.00 x 10°m.

(Note : Both energy and momentum are conserved.)

V2 Vi

»
1

!: d
Sol. (a) Atinfinite separation, U = 0; and at rest, K =0.
Since energy is conserved, we have

Gmm,
d

1 5 1 2
0=—mvj +—m,vj -
5 VIS mV)

An asteroid, whose mass is 2.0 x 104 times the mass of
earth, revolves in a circular orbit around the Sun at a
distance that is twice earth’s distance from the Sun, (a)
Calculate the period of revolution of the asteroid in years.
(b) What is the ratio of the kinetic energy of the asteroid to
that of Earth ?

42
(a) Use the law of periods : T = GLMrS , where M is the

mass of the Sun (1.99 x 1030 kg) and r is the radius of
the orbit. The radius of the orbit is twice the radius of
earth’s orbit :

r=2r,=2 (150 x 10°m)=300 x 10’ m. Thus

T /ﬂ:
GM

=8.96x107 s
Divide by (365 d/y) (24 l/d) (60 min/h) (60s/min)
toobtainT=2.8y.

(b) The kinetic energy of any asteroid or planet in a circular
orbit of radius r is given by K = GMm/2r, where m is
the mass of the asteroid or planet. Notice that it is
proportional to m and inversely proportional to r. The
ratio of the kinetic energy of the asteroid to the kinetic
energy of earth is K/K = (m/m,) (r/r).

Substitute m= 2.0 x 1074 m, and r = 2r_ to obtain

472 (300 x10° m)?
(6.67x10" ' m? /5% kg) (1.99 x10°*kg)

K_

1.0x107%.

€
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Example4:

A satellite moves eastwards very near the surface of the
earth in equatorial plane with speed (v)). Another satellite
moves at the same height with the same speed in the
equatorial plane but westwards. If R = radius of the earth
and o be its angular speed of the earth about its own axis.
Then find the approximate difference in the two time period
as observed on the earth.

T _ 2nR T 2nR
Sol. west vo + Ro and ‘east vo “Ro
= AT= Teast - Twest
_ 2R® _ 4noR>
=2nR S>3 2 222
\i R“w vy — R°w
Example5:

If the satellite is stopped suddenly in its orbit and allowed
to fall freely onto the earth, find the speed with which it
hits the surface of the earth. Height of satellite above the
earth's surface is equal to radius of earth.

Sol. From conservation of energy
Total energy at height h = Total energy at earth's surface
e 0 GMm l ) GMm
ie, 0— p - = ymvi——p—
1 5, GMm GMm _ GMm GMm h=R
o 3™ TR TRen R 2R MM
1 5 GMm
2 ™R
GM) |[R%g)
This gives v= R = L R )
= J(Re) = 6400 x 10° x 9.8 =7.919 x 103 ms.
Example6:

At what height from the surface of earth the gravitational
force will be reduced by 10% if the radius of earth is 6370
km.

o GMm
Sol. Gravitational force on earth surface, Fg= v

Gravitational force at height h

2
F - GMm &Z(Re"'h) _10
"R TR RS9
R.+h 3.162
R 3

c

0.162x 6370
h= ———

3 or h=344Km

Example 7 :
At what height from the surface of earth is the acceleration
due to gravity 1/100 of its value on earth surface ?

(A)5.76 x 10°m (B)5.76m
(C)0.576m (D) 57.6x 100
ST [
oL (A" (rR¥n) " 100
R__1
“ R+h 10

or h=9R=57.6x10°m

Example8:
Two spherical planets P and Q have the same uniform
density 1, masses Mp and My, and surface areas A and
4A, respectively. A spherical planet R also has uniform
density r and its mass is (Mp + My). The escape velocities
from the planets P, Q and R, are Vy, VQ and Vg,
respectively. Then
(A) Vo> Vr>Vp

(C)VIVy=3 MRl
RYP™

(D) Vp/V =172

(BD). Escape velocity = /ZG_M o
R

[since density of each planet is same]

Sol.

Example9:
Two bodies, each of mass M, are kept fixed with a
separation 2L. A particle of mass m is projected from the
midpoint of the line joining their centres, perpendicular
to the line. The gravitational constant is G. The correct
statement(s) is (are) —
(A) The minimum initial velocity of the mass mto escape

_ .. GM
the gravitational field of the two bodies is 4 T

(B) The minimum initial velocity of the mass mto escape

o . GM
the gravitational field of the two bodies is 2 I -
(C) The minimum initial velocity of the mass m to escape

2GM

the gravitational field of the two bodies is L

(D) The energy of the mass m remains constant.

-2GMm 1 GM
——+—mv- =0 =2,]—

L 2 “VTATL
The energy of mass ‘m’ means its kinetic energy (KE)
only and not the potential energy of interaction
between m and the two bodies (of mass M each)—
which is the potential energy of the system.

Sol. (B).

B
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Example 10 :

Sol.

A Bullet is fired vertically upwards with velocity v from
the surface of a spherical planet. When it reaches its
maximum height, its acceleration due to the planet's
gravity is 1/4™ of its value at the surface of the planet.
If the escape velocity from the planet is

Vese = v/n, then the value of N is

SC
(Ignore energy loss due to atmosphere)

2. When it reaches its maximum height, its acceleration
due to the planet's gravity is 1/4™ of its value at the
surface of the planet.

GM 1GM
—_——— . = .
rz 4 R2 , T 2R
By conservation of mechanical energy r
-GMm 1 5, -GMm
+—mv” = +0
R r °
1 2 GMm
—mv. =———
2 2R
2GM
Vese = R =N ; N=2

Example 11 :

Sol.

A large spherical mass M is fixed at one position and two
identical point masses m are kept on a line passing
through the centre of M (see figure). The point masses
are connected by a rigid massless rod of length ¢ and
this assembly is free to move along the line connecting
them. All three masses interact only through their mutual
gravitational interaction. When the point mass nearer to
M is at a distance r = 3/ from M, the tension in the rod is
zero for m=k (M/288). The value of k is

O

7. For point mass at distance r = 3/

GMm 3 Gm2 — ma
30> 72
M m m

For point mass at distance r = 4/

GMm sz
S +——=ma
(40) ‘
GMm 3 sz B GMm N sz
902 216t 2

[+
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CHAPTER 9 : GRAVITATION

EXERCISE -1 [LEVEL-1]

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

PART -1: NEWTON’S LAW OF
GRAVITATION
Two stars of masses m; and m, are parts of a binary star
system. The radii of their orbits are r| and r, respectively,
measured from the centre of mass of the system. The
magnitude of gravitational force m; exerts on m, is —

Gmym, Gm
A) ——3 B) L
(rl + r2)2 (rl + I'2)2
G
my : (D) G (m; + n212)
(f+1) (1 +1y)

The gravitational force between two stones of mass 1

kg each separated by a distance of 1 metre in vacuum is

(A) Zero (B)6.675x10°N

©) 6.675x1071IN (D)6.675x 108N

Far from any other masses, two masses, m; and m,, are

interacting gravitationally. The value for the mass of m,

suddenly doubles. What happens to the value of the

gravitational force that mass m, exerts on mass m,?

(A) It doubles.

(B) It decreases by a factor of 2.

(©) It quadruples.

(D) Nothing, because the mass m, did not change.

Two identical solid copper spheres of radius R placed in

contact with each other. The gravitational attraction

between them is proportional to

(A)R? (B)R2

(C)R* (D)R4

The Moon remains in its orbit around the Earth rather

than falling to the Earth because —

(A) it is outside of the gravitational influence of the
Earth.

(B) itisinbalance with the gravitational forces from the
Sun and other planets.

(C) the net force on the Moon is zero.

(D) none of these

Two spheres of masses m and M are situated in air and

the gravitational force between them is F. The space

around the masses is now filled with a liquid of specific

gravity 3. The gravitational force will now be —

(A)3F (BF

(O)F3 (D)F/9

Mass M is divided into two parts x M and (1 —x) M. For

a given separation, the value of x for which the

gravitational attraction between the two pieces becomes

maximum s

(A)12

O1

(B)3/5
(D)2

Q8

Q.9

Q.10

Q.11

PART -

Q.12

PART -2 : GRAVITATIONALFIELD
TENSITY

Which one of the following groups represents correctly

the variation of the gravitational intensity I with the

distance r from the centre of a spherical shell of mass M
and radius R?

R T
A uniform ring of mass m and radius a is placed directly
above a uniform sphere of mass M and of equal radius.
The centre of the ring is at a distance /3 a from the

centre of the sphere. Find the gravitational force exerted
by the sphere on the ring.

x/gGMm
8a2

x/gGMm
8a?

(A) ®)
V3GMm V2GMm
T2 O ——

Sa Sa

The gravitational intensity at

the centre of a hemispherical

shell of uniform mass density
has the direction indicated by
the arrow (see Fig.)

(A)a B)b

©)c D)o

For the above problem, the direction of the gravitational
intensity at an arbitrary point P is indicated by the arrow
(A)d B)e

Of D)g

: GRAVITATIONAL POTENTIAL
AND POTENTIAL ENERGY

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

m 3G
(a) -2 B)
4Gm 2Gm
© - D)~

=
I13
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Q.13 Ablock of mass mis lying at a distance r from a spherical R
shell of mass m and radius r as shown in the figure. Then (A) 8 R (B) S_22
' g R g R
3
o 8- R oy &= Ri
© g, R} D) g, R}

Q.14

Q.15

Q.16

Q.17

Q.18

r r

(A) only gravitational field inside the shell is zero.
(B) gravitational field and gravitational potential both
are zero inside the shell.
(C) gravitational potential as well as gravitational field
inside the shell are not zero.
(D) can't be ascertained.
Two bodies of mass 102 kg and 103 kg are lying Im
apart. The gravitational potential at the mid-point of
the line joining them is -
(A0 (B)—1.47 Joule/kg
(C) 1.47 Joule/kg (D)—1.47 x 1077 Joule /kg
If g is the acceleration due to gravity on the earth's sur-
face, the gain in potential energy of an object of mass m
raised from the surface of the earth to a height of the
radius R of the earth is -
(A)mgR (B) 2mgR
1 1
(C) 5 meR (D) 5 meR
Four particles each of mass m are placed at the vertices
of'a square of side /. The potential energy of the system

is —
_2Gm? [2+L)
0 2

V2Gm? 1 _2Gm’ [ _ Lj
© - ((ﬁia D) -=—(V2-
The radius of the earth is R, and the acceleration due to
gravity at its surface is g. The work required in raising a
body of mass m to a height h form the surface of the
earth

(A) -

Sl t]

NG

A mgh B mgh
()(Fh] (%th
R, R,
mgh mg
© m (D) { b )
R, Re

PART -4 : ACCELERATION DUE
TO GRAVITY
Two planets have the same average density but their
radii are R and R,. If acceleration due to gravity on
these planets be g; and g, respectively, then —

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

The diameters of two planets are in the ratio 4 : 1 and
their mean densities are in the ratio 1 : 2. The acceleration
due to gravity on the planets will be in the ratio —
(A)1:2 B)2:3

©O2:1 D)4:1

At what altitude in metre will the acceleration due to
gravity be 25% of that at the earth’s surface (Radius of

earth=R m)
(A)R/4 B)R
(C)3RA (D)R/2

If the angular speed of the earth is doubled, the value of
acceleration due to gravity (g) at the north pole

(A) Doubles (B) Becomes half

(C) Remains same (D) Becomes zero

The angular speed of earth, so that the object on equator
may appear weightless, is

(g =10 m/s2, radius of earth 6400km)

(A) 1.25 x 1073 rad/sec (B) 1.56 x 1073 rad/sec
(©) 1.25x 107! rad/sec (D) 1.56 rad/sec

At what distance from the centre of the earth, the value
of acceleration due to gravity g will be half that on the
surface (R = radius of earth)

(A)2R B)R

(C)1414R (D)0.414R

If density of earth increased 4 times and its radius become
half of that it is, our weight will —

(A) four times (B) Be doubled

(C) Remain same (D) Be halved

If both the mass and the radius of the earth decrease by
1%, the value of the acceleration due to gravity will —
(A) Decrease by 1% (B) Increase by 1%

(C) Increase by 2% (D) Remain unchanged

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,
then (both x & h being much smaller than the radius of

the earth)
(A)x=h (B)x=2h
(O)x=h2 (D) x=h?

A body of mass m is taken to the bottom of a deep mine.
Then —

(A) Its mass increases (B) Its mass decreases
(C) Its weight increases (D) Its weight decreases
A body weight W newton at the surface of the earth. Its
weight at a height equal to half the radius of the earth
will

(A)W/2 (B)2W/3

(©)4W/9 (D) 8W/27

The depth at which the effective value of acceleration
due to gravity is g/4 is
(A)R

(O)R2

(B)3R/4
(D)R/4

—
14
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Q.30 Ifthe radius of the earth were to shrink by one percent, Q.38 If the radius of a planet is four times that of earth and

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

its mass remaining the same, the acceleration due to
gravity on the earth's surface would -

(A) decrease (B) remain unchanged
(C) increase (D) None of these
Assuming that the moon is a sphere of the same mean
density as that of the earth and one quarter of its radius,
the length of a seconds pendulum on the moon (its
length on the earth’s surface is 99.2 cm) is

(A)24.8cm (B)49.6cm

99.2
(D) —=-cm

V2

(©)99.2cm

PART -5: ESCAPE VELOCITY
Escape velocity will depend on —
(A) Mass of the planet
(B) Mass of the particle escaping
(©) Radius of the planet
(D) Both (A) and (C)
v, and v denotes the escape velocity from the earth
and anotﬁer planet having twice the radius and the same
mean density as the earth. Then —
(A) v, = Vp B)v.= Vp/2
©)v.= 2v, D)v.= vp/4
The escape velocity of a sphere of mass m from earth
having mass M and radius R is given by —

GM

™\ ® 2
m GM

© 2 D)

There are two planets. The ratio of radius of the two
planets is K but ratio of acceleration due to gravity of
both planets is g. What will be the ratio of their escape

velocity
(A) (Kg)!” (B) (Kg) '
(©) (Kg)? (D) (Kg)2

A missile is launched with a velocity less than the escape
velocity. The sum of its kinetic and potential energy is
(A) Positive

(B) Negative

(©) Zero

(D) May be positive or negative depending

upon its initial velocity.

The escape velocity of a body on an imaginary planet
which is thrice the radius of the earth and double the
mass of the earth is (v, is the escape velocity of earth)

2 3

(A) \/; Ve (B) Eve
7 2

© 5 ve (D) 5%

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

the value of g is same for both, the escape velocity on
the planet will be —

(A) 11.2 km/s (B)5.6kmy/s
(C)22.4km/s (D) None

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 1/2 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,=Vi2 (D)V,=3V

PART - 6 : KEPLER’S LAW OF
PLANETARY MOTION

A planet moves around the sun. At a given point P, it is
closest from the sun at a distance d; and has a speed v.
At another point Q, when it is farthest from the sun at
a distance d,, its speed will be —

div, dyvy
(A) 42 B) 4
d3v

11 2Vi

© ®)

The orbital speed of Jupiter is —

(A) Greater than the orbital speed of earth.

(B) Less than the orbital speed of earth.

(C) Equal to the orbital speed of earth.

(D) Zero.

Two planets move around the sun. The periodic times

and the mean radii of the orbits are T, T, and 1, ,

respectively. The ratio T /T, is equal to

(A) (r,/r)? (B)r,/r,

(O) (1y/ry)? (D) (r/iy)2

A planet is revolving B

around the sun as

shown in elliptical path

The correct option is —

(A) The time taken in
travelling DAB is less than that for BCD.

(B) The time taken in travelling DAB is greater than
that for BCD.

(C) The time taken in travelling CDA is less than that
for ABC.

(D) The time taken in travelling CDA is greater than that
for ABC.

In the previous question the orbital velocity of the planet

will be minimum at—

(A)A (B)B

©C (D)D

The radius of orbit of a planet is two times that of the

earth. The time period of planet is —

(A) 4.2 years (B) 2.8 years

(C) 5.6 years (D) 8.4 years

[




SOAL

ODM ADVANCED LEARNING

QUESTION BANK

STUDY MATERIAL: PHYSICS

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

According to Kepler, the period of revolution of a planet
(T) and its mean distance from the sun (r) are related by
the equation

(A) T313 = constant (B) T?r3 = constant

(C) Tr? = constant (D) T?r = constant

The earth revolves round the sun in one year. If the
distance between them becomes double, the new period
of revolution will be

(A) 1/2 year (B) 24/2 years

(C) 4 years (D) 8 years

The mass of a planet that has a moon whose time period
and orbital radius are T & R respectively can be written
(A) 4n’R3G7IT2 (B) 8n°R3G™'T2

(©) 12n?R3G 7T (D) 167°R3G 7T

If a graph is plotted between T2 and 13 for a planet then
its slope will be -

(A) 41%/GM (B) GM/4r?

(C)4nGM (D)o

A satellite following an elliptical path around a planet
has an angular velocity wg, when at its maximum
distance d units from the planet's center. At its closest
point, the distance between the satellite and planet's
center is d/3. The satellite's angular velocity at that
closest point is:

(A) (Dfar/ 3 (B) Oy

©)3 Oy D9 Oy

The planet Neptune travels around the Sun with a pe-
riod of 165 year. Find the radius of Neptune orbit in
terms of Earth’s orbit, both being considered as circular.

(A)30R, (B)25R,
(O 15R, (D) 10R,
PART -7 :SATELLITE

Consider a satellite going round the earth in an orbit.
Which of the following statements is wrong

(A) It is a freely falling body

(B) It suffers no acceleration

(C) It is moving with a constant speed

(D) Its angular momentum remains constant.

Two satellites of masses m; and m, (m; > m,) are
revolving round the earth in circular orbits of radius r;
and r, (r; > r,) respectively. Which of the following
statements is true regarding their speeds v; and v, ?

(A vy=v, B)vi<v,
Vi_V
(C)V1>V2 (D) ?_E

A geo-stationary satellite is orbiting the earth at a height
of 6 R above the surface of earth, R being the radius of
earth. The time period of another satellite at a height of
2.5R from the surface of earth is —

(A)10hr (B) (6K/2)hr

(C)6hr (D) 6+/2 hr

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

Two satellites of mass m and 9m are orbiting a planet in

orbits of radius R. Their periods of revolution will be in

the ratio of —

(A)1:3 B)1:1

©)3:1 (D)9:1

A geostationary satellite is revolving around the earth.

To make it escape from gravitational field of earth, is

velocity must be increased —

(A) 100% (B)41.4%

(C)50% (D)59.6%

The orbital speed of an artificial satellite very close to

the surface of the earth is V). Then the orbital speed of

another artificial satellite at a height equal to three times

the radius of the earth is

A4V, B)2v,

(©)0.5V, D)4V,

The period of a satellite in a circular orbit of radius R is T,

the period of another satellite in a circular orbit of radius

4R is

(A)4T (B)T/4

(C)8T (D)T/8

Which of the following statements is incorrect regarding

the polar satellites?

(A) A polar satellites goes around the earth’s pole in
north-south direction.

(B) Polar satellites are used to study topography of
Moon, Venus and Mars.

(C) A polar satellite is a high altitude satellite.

(D) The time period of polar satellite is about 100minutes.

A communication satellite is in a circular orbit around

Earth. If the speed of the satellite is constant, the force

acting on the satellite

(A) is zero.

(B) is decreasing.

(C) points toward the center of Earth at all times.

(D) points in the direction that the satellite is moving.

PART -8 : MISCELILANE

Mass of moon is 1/81 times that of earth and its radius is
1/4 the earth’s radius. If escape velocity at surface of
earth is

11.2 km/sec, then its value at surface of moon is:
(A)0.14 km/sec (B) 0.5 km/sec

(C) 2.5 km/sec (D) 5 km/sec.

Calculate the escape velocity for an atmospheric particle
1000 km above the Earth's surface, given that the radius
of the Earth= 6.4 x 10 m and acceleration due to gravity

on the surface of the Earth = 9.8 m s 2.
(A) 12.42 km/s (B) 10.42 km/s
(C)11.22 kmy/s (D)9.42 km/s

A particle is suspended from a spring and it stretches
the spring by 1 cm on the surface of earth. The same
particle will stretch the same spring at a placed 800 Km
above earth surface by
(A)0.39cm
(©)0.49cm

(B)0.79 cm
(D)0.89 cm

[ 16
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Q.64 The little prince (the main character of the novel written (A)a (B)b
by antoine de saint-Exupery) lives on the spherical planet ©)c (D)d

Q.65

Q.66

Q.67

Q.68

named B-612, the density of which is 5200 kg/m3. The
Little Prince noticed that if he quickens his pace, he
feels himself lighter. When he reached the speed of
2m/s he became weightless, and began to orbit about
the planet as a satellite. What is escape speed on the
surface of planet.

(A) 242 m/s (B)2m/s
(€) 42 m/s (D) 82 m/s

Suppose earth had no atmosphere and a ball was fired
from the top of Mt. Everest in a direction tangent to the
ground. If the initial speed is high enough to cause the
ball to travel in a circular trajectory around earth, the
ball’s acceleration would. (g is value of acceleration due
to gravity at the surface of earth)

Mt. Everest

Launch
direction

(A) be much less than g (because the ball doesn’t fall to
the ground)

(B) be approximately g

(C) depend on the ball’s speed

(D) much larger than g

The acceleration due to gravity on the surface of the

moon is 1/6 that on the surface of earth and the diameter

of the moon is one-fourth that of earth. The ratio of

escape velocities on earth and moon will be —

(A J6/2 (B) \24
©)3 (D) 3/2

The cosmonauts who landed at the pole of a planet found
that the force of gravity there is 0.01 of that on the Earth,
while the duration of the day on the planet is the same
as that on the Earth. It turned out besides that the force
of gravity on the equator is zero. Determine the radius R

of the planet.
(A) 18000km. (B) 9000km.
(C)27000km. (D) 22000km.

A (nonrotating) star collapses onto itself from an initial
radius R; with its mass remaining unchanged. Which
curve in figure best gives the gravitational acceleration
a_ on the surface of the star as a function of the radius of
the star during the collapse —

a,

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

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 value of d is —

A 2R2 5 0)2R2
(A) . (B) 22

20°R? Rg
©) . (D)g

The kinetic energy of a satellite in an orbit close to the
surface of the earth is E. What should be its kinetic
energy so that it escapes from the gravitational field of
the earth ?

(A) J2E (B)2E
(C) 242E (D)4E

A geo-stationary satellite orbits around the earth in a
circular orbit of radius 36000 km. Then, the time period
of a spy satellite orbiting a few hundred kilometers above
the earth’s surface (R, =6400 km) will approximately

be eart]
(A) 1/2 hr. (B) 1 hr.
(©)2hr. (D)4 hr.

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 radius of earth. The value
of T,/T, is

A1 (B) V2

©4 (D)2

The figure shows a planet in elliptical orbit around the
sun S. Where is the kinetic energy of the planet maximum

P3
P1
(A) Py (B)P,
(C) Py D)P,

A satellite is revolving round the earth in an orbit of
radius r with time period T. If the satellite is revolving
round the earth in an orbit of radius r + A r (Ar <<r) with
time period T + AT then,

AT _34r g AT_24r
()T 2r ()T 3
o AT _Ar o) AT _ar
© (D)
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EXERCISE -2 [LEVEL-2]

ONLY ONE OPTIONIS CORRECT

Q.1

Q2

Q3

Q4

Q5

In an experiment a boy draws graph between vZ and a2
(where v = velocity and a = acceleration) for a simple
pendulum. The graph is found to be a straight line of
negative slope making an angle of 30° when experiment
was done on the ground and 60° when experiment was
done at height h above the ground. Then h must be

(R =radius of earth)

(A)O5R (B)0.24R

(O)0.73R (DR

A magnetic storm from sun can disrupt a satellite as well
as move it, either toward or away from Earth radially.

Ground-based enginners start it back in a new circular
orbit at the new position. Due to the storm —

(A) The period of a satellite displaced further away is
more than the previous period.

(B) The mechanical energy of a satellite displaced
towards earth is more than the previous energy.

(C) The speed of a satellite displaced further away is
more than the previous speed.

(D) The angular momentum of a satellite displaced
towards earth is more than the previous angular
momentum

A straightrod of length extends L fromx=atox=L +a.

The gravitational force exerted on a point mass m at

x = 0 if the mass per unit length of the rod is A+ Bx?, is

1 1 A A
- - Gm| —-— +BL
(A) GmALH_L a+BL} B) m{a AL }

N (R RPN N

Two thin rings each of radius R are coaxially placed ata
distance R. The rings have a uniform mass distribution
and have mass m; and m, respectively. Then the work
done in moving a mass m from centre of one ring to that
of the other is

Gm(m, —m,)(~2 -1)

(A) zero B)

V2R
Gm(v2)(m; —m,) Gmm, (v2 +1)
©) D)
( R m,R

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)
(A)2R/3

(C)8R/3

(B)4R/3
(D)R/3

Q.6

Q.7

Q8

Q.9

Q.10

Q.11

Our Sun, with mass 2.0 x 1039 kg, revolves about the
center of the Milky Way galaxy, which is 2.2 x 102'm
away, once every 2.5 x 108 years. Assuming that each of
the stars in the galaxy has a mass equal to that of our
Sun, that the stars are distributed uniformly in a sphere
about the galactic center, and that our Sun is eccentially
at the edge of that sphere, estimate roughly the number
of stars in the galaxy.

(A)2.1x 1010 (B)5.1x 100
(C)5.1x 1010 (D)5.1x 1016

A planet revolves about the sun is elliptical orbit. The
areal velocity (dA/dt) of the planet is 4.0 x 1016 m%/s.
The least distance between planet and the sun is

2 x 10'2m. Then the maximum speed of the planet in
km/s is —
(A)10 B)20 (©)30 (D) 40

In a certain region of space gravitational field is given
by E =— (K/r). Taking the reference point to be atr =r,,
with V =V, the potential is —

(A) V= VO In [ri) (B) V= Voe_r/ro
0

(©) V=V, +Kln—
Io

(D) V= VOeH/rO

A planet of mass m moves along an ellipse around the
sun so that its maximum and minimum distances from
the sun are equal to r; and r, respectively. Find the
angular momentum of this planet relative to the centre

of the sun.
2GM
(B) 2m {—%}

. f{2GMr1r2}
(A) (1 +1) (4 +1)
3 GMI'] I'2 GMrl I'2
} (D) ™ {Z(rl-'rrz)}

(rl + rz)
A particle is fired vertically upward with a speed of
9.8 km/s. Find the maximum height attained by the
particle. Radius of earth = 6400 km and g at the surface =
9.8 m/s2. Consider only earth’s gravitation.

(A) 17900 km (B) 10900 km
(C) 15900 km (D) 20900 km

A uniform sphere has a mass M and radius R. Find the
pressure P inside the sphere, caused by gravitational
compression, as a function of the distance r from the
centre. Evaluate P at the centre of the Earth, assuming it
to be a uniform sphere.

(A) 1.65 x 10 atm
(C) 4.65 x 100 atm

on|

(B) 1.65 x 10% atm
(D) 1.65 x 103 atm

[18
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Q.12 The gravitational potential of two homogeneous Q.17 A cavity of radius R/2 is made inside a solid sphere of

Q.13

Q.14

Q.15

Q.16

spherical shells A and B of same surface density at their
respective centres are in the ratio 3 : 4. If the two shells
coalesce into single one such that surface charge density
remains same, then the ratio of potential at an internal
point of the new shell to shell A is equal to —

(A)3:2 (B)4:3

(©)5:3 (D)5:6

A point P lies on the axis of a fixed ring of mass M and
radius R, at a distance 2R from its centre O. A small
particle starts from P and reaches O under gravitational
attraction only. Its speed at O will be —

2GM

(A) zero (B) R
2GM 1
ZGM(I ) (D)’/_R (l_ﬁ)

Three identical stars, each of mass M, form an equilateral
triangle (stars are positioned at the corners) that rotates
around the centre of the triangle. The system is isolated
and edge length of the triangle is L. The amount of work
done, that is required to dismantle the system is :

3GM? ®) 3GM? 3GM? GM?

L 2L 4L 2L

The eccentricity of the earth’s orbit is 0.0167. The ratio
of its maximum speed in its orbit to its minimum speed is

(A)1.67 (B)1.034
O1 (D)0.167

Two bodies of masses M, and M, are placed at a distance
d apart. What is the potential at the position where the
gravitational field due to them is zero ?

(A) —%(M1+M2+2MM)
(B) —%(M1+M2—2MM)
©) —%(2M1+M2+2M\/1\/TZ)
D) —%(M1+M2+2M\/NTZ)

(A)

© (D)

Q.18

Q.19

Q.20

Q.21

radius R. The centre of the cavity is located at a distance
R/2 from the centre of the sphere. The gravitational force
on aparticle of mass ‘m’ at a distance R/2 from the centre
of the sphere on the line joining both the centres of
sphere and cavity is — (opposite to the centre of gravity)

[Here g = GM/R?, where M is the mass of the sphere]

3mg
8

A satellite of mass m is orbiting the earth in a circular
orbit of radius R. It starts losing energy due to small air
resistance at the rate of CJ/s. Find the time taken for the
satellite to reach the earth.

mg mg
(A) B3 (B) ©) Te (D) None of these

GMm[1 1 GMm[1 1
W7 IRT ® e R
GMm[1 1 26Mm[1 1
© ¢ |R O~ Rt

Inside a uniform sphere of
density p there is a spherical

cavity whose centre is at a
distance ¢ from the centre of
the sphere. Find the strength

F of the gravitational field inside the cavity at the point P.

(A) anz (B) anf © 3

anf (D) ¢ anf
The mass M of a planet-earth is uniformly distributed
over a spherical volume of radius R. Calculate the energy
needed to disassemble the planet against the
gravitational pull amongst its constituent particles.

Given: MR =2.5 x 103! kg-m and g =10 m/s?
(A)3.0x1032] (B)2.5x1032]
(C)0.5x10%28] (D) 1.5x10%2J

A satellite is launched in the equatorial plane in such a
way that it can transmit signals upto 60° latitude on the
earth. The angular velocity of the satellite is —

A oM B C oM D 3/3GM
O ot Byt © s D255

B
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EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE: The answer to each question isa NUMERICALVALUE. Q.6

Q.1

Q.2

Q3

Q4

Q5

If the radius of the earth be increased by a factor of 5, its
density should be changed by factor 1/A to keep the
value of g same. Find the value of A.

A man of mass m starts falling towards a planet of mass
M and radius R. As he reaches near to the surface, he
realizes that he will pass through a small hole in the
planet. As he enters the hole, he sees that the planet is
really made of two pieces a spherical shell of negligible
thickness of mass 2M/3 and a point mass M/3 at the
centre. Change in the force of gravity experienced by

Mm

R2

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
escape velocity v, /vy is

The escape velocity of 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

. Find the value of A.

2
the man is —
A

the centre of the planet, its speed will be v, / JA . Find

the value of A.

An artificial satellite moving in a circular orbit around
the earth has a total (K.E. + P.E.) = E,. Its potential energy
is AE. Find the value of A.

Q.7

Q8

Q.9

Q.10

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 is 1/A. Find
the value of A.

Satellites A and B are orbiting around the earth in orbits
of ratio R and 4R respectively. The ratio of their areal
velocities is (1/A). Find the value of A.

A particle is projected vertically upward from the surface

/ 3
of the earth with a speed of EgR , R being the radius

of the earth and g is the acceleration due to gravity on
the surface of the earth. Then the maximum height
ascended is aR (neglect cosmic dust resistance). Find
the value a.

A missile, which missed its target when into orbit around
the earth at a mean radius 3 times as great as the parking

orbit of the satellite. The period of the missile is X+/3

day. Find the value of X.
Gravitational acceleration on the surface of a planet is

6 . o .
Fg , where g is the gravitational acceleration on the

surface of the earth. The average mass density of the
planet is 2/3 times that of the earth. If the escape speed
on the surface of the earth is taken to be 11 kms™, the

escape speed on the surface of the planet in kms~! will
be:

4




( GRAVITATION )

QUESTION BANK

SOAL

ODM ADVANCED LEARNING

EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

A mass m is raised from a distance 2 Re from surface of
earth to 3Re. Work done to do so against gravity will be-
[AIEEE-2002]

A mgRe B mgRe C mgRe D mgRe
()10 ()11 ()12()14

The escape velocity of a body of mass m from earth

depends on - [AIEEE-2002]
(A)m? (B)m!'
(C)m° (D) None of above

If suddenly gravitational force on a satellite becomes
zero it will — [AIEEE-2002]
(A) go in tangential direction of orbit

(B) fall on earth

(C) follow hellical path towards earth

(D) follow hellical path away from earth

The kinetic energy needed to project a body of mass m
from the earth surface (radius R) to infinity is

(A) mgR/2 (B)2mgR [AIEEE-2002]
(CymgR (D) mgR/4

The escape velocity for a body projected vertically
upwards from the surface of earth is 11 km/s. If the body
is projected at an angle of 45° with the vertical, the escape

velocity will be— [AIEEE-2003]
(A)22 knv/s (B) 11 kmv/s
(C) 11/+/2 kmy/s (D) 1142 knvs

The time period of a satellite of earth is 5 hours. If the
separation between the earth and the satellite is
increased to 4 times the previous value, the new time
period will become — [AIEEE-2003]
(A) 80 hours (B)40 hours (C)20 hours (D) 10 hours
Two spherical bodies of mass M and 5 M and redii R and
2R respectively are released in free space with initial
separation between their centres equal to 12 R. If they
attract each other due to gravitational force only, then
the distance covered by the smaller body just before
collision is — [AIEEE-2003]
(A)4.5R B)7.5R

(©)1.5R (D)2.5R

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

1/2
®Rx Orsyr ®lxey)

The time period of an earth satellite in circular orbit is

independent of — [AIEEE-2004]

(A) The mass of the satellite.

(B) Radius of its orbit.

(C) Both the mass and radius of the orbit.

(D) Neither the mass of the satellite nor the radius of its
orbit.

(A) gx

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

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

surface, the gain in the potential energy of an object of

mass ‘m’ raised from the surface of the earth to a height

equal to the radius ‘R’ of the earth is— [AIEEE-2004]

(A)2mgR (B) 1/2mgR

(C) 1/4mgR (D)mgR

Suppose the gravitational force varies inversely as the

n'? power of distance. Then the time period of a planet

in circular orbit of radius ‘r’ around the sun will be

proportional to — [AIEEE-2004]
[n+1j (n—l) (n—Z]

@wr 2 @’ o *

Average density of the earth [AIEEE-2005]

(A) does not depend on g

(B) is a complex function of g

(C) is directly proportional to g

(D) is inversely proportional to g

The change in the value of 'g' at a height 'h' above the

surface of the earth is the same as at a depth 'd' below

the surface of earth. When both 'd' and 'h' are much

smaller than the radius of earth, then which one of the

©r"

following is correct ? [AIEEE-2005]
(A)d=h/2 (B)d=3h/2
(C)d=2h (D)d=h

A particle of mass 10 g is kept on the surface of a uniform
sphere of mass 100 kg and radius 10 cm. Find the work
to be done against the gravitational force between them
to take the particle far away from the sphere

(Take G=6.67 x 10711 Nm?2/kg?) [AIEEE-2005]
(A)13.34x 107107 (B)3.33x 10710
(C)6.67x107°7 (D)6.67x 107107

If gp and g are the accelerations due to gravity on the
surfaces of the earth and the moon respectively and if
Millikan’s oil drop experiment could be performed on
the two surfaces, one will find the ratio (electronic charge
on the moon/ electronic charge on the earth) to be
A1 B)0 [AIEEE-2007]
© gE/ gm (D) gM/ gr

Statement-1 : For a mass M kept at the centre of a cube
of'side ‘a’, the flux of gravitational field passing through
its sides is 4 tGM. and [ATEEE-2008]
Statement-2 : If the direction of a field due to a point
source is radial and its dependence on the distance ‘r’
from the source is given as 1/r2, 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.

(A) Statement-1 is true, Statement-2 is true; Statement-2
is a correct explanation for Statement-1

(B) Statment-1 is true, Statement-2 is true; Statement-2
is not a correct explanation for Statement-1

(C) Statement-1 is true, Statement-2 is false

(D) Statement-1 is false, Statement-2 is true

[21
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

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 km s, the

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

(A)11kms™! (B)110kms~!

(C)0.11 kms™! (D) 1.1 kms™!

The height at which the acceleration due to gravity

becomes g/9( where g = the acceleration due to gravity

on the surface of the earth) in terms of R, the radius of

the earth, is - [AIEEE-2009]
(A) R/2 (B)R2
© 2R (D)2R

Two bodies of masses m and 4m are placed at a distance
r. The gravitational potential at a point on the line joining
them where the gravitational field is zero is [AIEEE-2011]

4Gm 6Gm 9Gm

(A) zero (B) T © T D) T

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 10m/s2 and 6400 km
respectively. The required energy for this work will be —
[AIEEE-2012]
(A) 6.4 x 10! Joules (B) 6.4 x 108 Joules
(C) 6.4 x 10 Joules (D) 6.4 x 1010 Joules
What is the minimum energy required to launch a satellite
of mass m from the surface of a planet of mass M and
radius R in a circular orbit at an altitude of 2R?

[JEE MAIN 2013]
4, 3GmM 2GmM - GmM - GmM
A) —6r k. Ok O3

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

of each particle is — [JEE MAIN 2014]
GM 1 |GM

(A) \/T(Hzﬁ) (B)E,/T(HZ\E)
GM GM

O\% O) N2

From a solid sphere of mass M and radius R, a spherical
portion of radius (R/2) is removed, as shown in the figure.

5

Taking gravitational potential V =0 at r = oo, the potential
at the centre of the cavity thus formed is

(G = gravitational constant) [JEE MAIN 2015]
A -GM B -2GM C -2GM D -GM
W B O O

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

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)

[JEE MAIN 2016]
(A) JeR (B) \[gR /2
© eR (2-1) (D) 2¢R

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

(A) U\ (B) /\ (© V\ (D) U d

A particle is moving with a uniform speed in a circular
orbit of radius R in a central force inversely proportional
to the n'h power of R. If the period of rotation of the

particle is T, then: [JEE MAIN 2018]
(A)TOCR(n+1)/2 (B)TOCRH/Z

241
(C) T o« R32 for any n (D)TocREJr

If the angular momentum of a planet of mass m, moving
around the Sun in a circular orbit is L, about the center
of the Sun, its areal velocity is : [JEE MAIN 2019 (JAN)]

(A)4L/m (B)L/m
(OL/2m (D)2L/m
Four identical particles of mass M

are located at the corners of a square of/,,-
side 'a'. What should be their speed ’

if each of them revolves under the
influence of other's gravitational

field in a circular orbit = . N\ /.
circumscribing the
square? [JEE MAIN 2019 (APRIL)]

GM GM
(A) 1.21 /T (B) 1.41 /T
GM GM
(C) 1.16 /T (D) 1.35 /T

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

moon : [JEE MAIN 2019 (APRIL)]
(A)E/4 (B)E/16
(O)E/32 (D)E/ 64

—
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Q.30 A satellite of mass M is launched vertically upwards

Q.31

with an initial speed u from the surface of the earth.
After it reaches height R (R = radius of the earth), it
ejects a rocket of mass M/10 so that subsequently the
satellite moves in a circular orbit. The kinetic energy of
the rocket is (G is the gravitational constant; M, is the

mass of the earth): [JEE MAIN 2020 (JAN)]
2_119GMBJ [ 2_113GMej
(A) SM [u 200R (B) M =00k
M[uz—leMej M(uz_lnGMej
© 20 100R (D) 5 200R

A box weighs 196 N on a spring balance at the north
pole. Its weight recorded on the same balance if it is
shifted to the equator is close to — (Take g = 10 ms 2 at
the north pole and the radius of the earth = 6400 km):

[JEE MAIN 2020 (JAN)]
(A)194.32N (B) 194.66N
(C)195.32N (D) 195.66N

Q.32 Consider two solid spheres of radii R = 1m,

Q.33

R, = 2m and masses M, and M,, respectively. The
gravitational field due to sphere 1 and 2 are shown. The
value of M| / M, is : [JEE MAIN 2020 (JAN)]

[sa)]

3 4

Z3

<

g2

% '

S bttt

0 1 2 3 4 5 radiusR

(A)1/2 (B)2/3
©) 13 (D) 1/6

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

[JEE MAIN 2020 (JAN)]
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EXERCISE -5 (PREVIOUS YEARS AIPMT/NEET EXAM QUESTIONS)

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

Imagine a new planet having the same density as that of
earth but it is 3 times bigger than the earth in size. If the
acceleration due to gravity on the surface of earth is g
and that on the surface of the new planet is g', then —
A)g'=g9 (B)g'=27g [AIPMT 2005]
(©)g'=9¢ (D) g'=3g

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

(A) 172 (B) 1/~+/2 [AIPMT 2005]
©)2 D)2

The earth is assumed to be a sphere of radius R. A
platform is arranged at a height R from the surface of the
earth. The escape velocity of a body from this platform
is fv, where v is its escape velocity from the surface of
the earth. The value of fis — [AIPMT 2006]

A 1/N2 (B3 ©12 D)2

Two satellites of earth S| and S, are moving in the same

orbit. The mass of S; is four times the mass of S,. Which

one of the following statements istrue ~ [AIPMT 2007]

(A) The potential energies of earth satellites in the two
cases are equal.

(B) S, and S, are moving with the same speed

(©) The kinetic energies of the two satellites are equal.

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

The figure shows elliptical orbit of a planet m about the

sun S. The shaded area SCD is twice the shaded area

SAB. if't; is the time for the planet to move from C to D

and t, is the time to move from A to B then

[AIPMT 2009]

(A)ty =4t (B)t; =2t,

Ot =t D)t >t

The radii of circular orbits of two satellites A and B of
the earth, are 4R and R, respectively. If the speed of
satellite A is 3V, then the speed of satellite B will be —

[AIPMT (PRE) 2010]
(A)3V/4 B)6V
(€) 12V (D)3V/2

A particle of mass M is situated at the center of a
spherical shell of same mass and radius a. The
gravitational potential at a point situated at a/2 distance

from the centre, will be — [ATPMT (PRE) 2010]
3GM 2GM GM 4GM
A-— B O O

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

A planet moving along an elliptical orbit is closest to the
sun at a distance r and farthest away at a distance of r,.
If v, and v, are the linear velocities at these points
respectively. Then the ratio v, /v, is [AIPMT (PRE) 2011]
(A)r)/r, (B) (r,/r,)?

(C)ry/r, (D) (ry/r))?

The height at which the weight of a body becomes 1/
16t its weight on the surface of earth (radius R), is :

[AIPMT (PRE) 2012]
(A)5R (B)15R
©O3R (D)4R

A spherical planet has a mass M}, and diameter Dp. A
particle of mass m falling freely near the surface of this
planet will experience an acceleration due to gravity,

equal [AIPMT (PRE) 2012]
(A) 4GMp/Dp? (B) GMpm/D;?
(C) GMp/Dy (D) 4GMpm/Dy?

A geostationary satellite is orbiting the earth at a height
of 5R above that surface of the earth, R being the radius
of'the earth. The time period of another satellite in hours
at a height of 2R from the surface of the earth is :

[AIPMT (PRE) 2012]
(A)S B)10

©) 6v2 (D) 6/2

Infinite number of bodies, each of mass 2 kg are situated
on x-axis at distance 1m, 2m, 4m, 8m, ...., respectively,
from the origin. The resulting gravitational potential due
to this system at the origin will be — [NEET 2013]
(A)-4G B)-G

© 3G D)(4/3)G

A black hole is an object whose gravitational field is so
strong that even light cannot escape from it. To what
approximate radius would earth (Mass = 5.98x10%4 kg)
have to be compressed to be a black hole? [AIPMT 2014]
(A)10°m (B)10°m

(C)102m (D) 100m

Dependence of intensity of gravitational field (E) of earth
with distance (r) from centre of earth is correctly
represented by — [AIPMT 2014]

et et
R
@ © = ® °[ r >
E? E?
R
© © = ©® o r >

—
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Q.15 Kepler’s third law states that square of period of Q.21 A satellite of mass m is orbiting the earth (of radius R) at

Q.16

Q.17

Q.18

Q.19

Q.20

revolution (T) of a planet around the sun, is proportional
to third power of average distance r between sun and
planet i.e. T2 = Kr3, here K is constant. If the masses of
sun and planet are M and m respectively then as per
Newton's law of gravitation force of attraction between

. M . o
themis F= GTm , here G is gravitational constant, The
T

relation between G and K is described as:[AIPMT 2015]

(A) GMK =42 B)K=G

(CO)K=1/G (D) GK =472

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. Then, [RE-AIPMT 2015]

(A) the acceleration of S is always directed towards the
centre of the earth.

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

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

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

A remote - sensing satellite of earth revolves in a circular

orbit at a height of 0.25 x 10° m above the surface of

earth. If earth’s radius is 6.38 x 10°mand g=9.8 ms2,

then the orbital speed of the satellite is[RE-AIPMT 2015]

(A) 6.67 km/s (B) 7.76 kn/s

(C) 8.56 kny/s (D) 9.13 km/s

At what height from the surface of earth the gravitation

potential and the value of g are —5.4 x 107 Jkg 2 and 6.0

ms 2 respectively? Take the radius of earth as 6400 km

[NEET 2016 PHASE 1]
(A)2600 km (B) 1600km
(C) 1400km (D)2000km

The ratio of escape velocity at earth (v,) to the escape
velocity at a planet (Vp) whose radius and mean density
are twice as that of earthis ~ [NEET 2016 PHASE 1]

(A)1:2 B)1:242 (O)1:4 ([D)1:42
Starting from the centre of the earth having radius R, the
variation of g (acceleration due to gravity) is shown by

[NEET 2016 PHASE 2]

t t

g g
RN

o R —r © R =

t t

g g
© i \ D)

0] R —r 0 R —or

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

aheight h from its surface. The total energy of the satellite
in terms of g, the value of acceleration due to gravity at

the earth's surface, is [NEET 2016 PHASE 2]
2 2
A) S n B) T n.m
2(R+h) 2(R+h)
2mg0R2 ngOR2
20" D) -0~
© R+h D) R+h

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

earth. Then — INEET 2017]
(A)d=1km (B)d=2/3km
(C©)d=2km (D)d=12km

Two astronauts are floating in gravitational free space
after having lost contact with their spaceship. The two
will - [NEET 2017]
(A) Move towards each other.

(B) Move away from each other.

(C) Will become stationary

(D) Keep floating at the same distance between them.
The kinetic energies of a planet in an elliptical orbit about
the Sun, at positions A, B and C are K, Ky and K,
respectively. AC is the major axis and SB is perpendicular
to AC at the position of the Sun S as shown in the figure.
Then B [NEET 2018]

o N
(A) Kg<K, <K (B)K, >Kpg>K.
©) K, <Kp<Kq D) Kg>K,>Ke
If the mass of the Sun were ten times smaller and the
universal gravitational constant were ten times larger in
magnitude, which of the following is not correct?

[NEET 2018]
(A) Time period of a simple pendulum on the Earth would
decrease.

(B) Walking on the ground would become more difficult.
(©) Raindrops will fall faster.
(D) ‘g’ on the Earth will not change.
A body weighs 200 N on the surface of the earth. How
much will it weigh half way down to the centre of the

carth ? [NEET 2019]
(A) 150N (B)200N
(C)250N (D) 100N

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

earth, is: [NEET 2019]
(A)mgR (B)2mgR

1 3
(©) 5 mgR (D) 5 mgR
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9 |10 |11 |12 |13 |14 | 15|16 | 17 | 18 | 19 | 20
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@

(€)

Q)

®)

GRAVITATION
TRY IT YOURSELF-1

2
Tsin6 = @x? T cos 6 =mg
Dividing we get, tan6 = m—G2
(a-x)"g

(D). From modified Gauss’s theorem for gravitation

- (r=r )
J-E.d§ =4nG L J pdVJ
r=0
r=r k
= E4nr? =4nG j =dnr’dr
r
r=0

Get E = constant

(A). As E is constant, so the Potential (V = —I E dr) willbe
proportional to 1.
Conservation of energy says
_GMm +lm (VO)2 =— GMm -i—lmv2
R 2 Rg 2

where M is the mass of the earth and R is its radius, the
initial separation is R = 80, 000 x 103m, and initial velocity is
v =2000m/s from which we get v=1.09 x 10*m/s.

The gravitational field at any point on the ring due to the
sphere is equal to the field due to single particle of mass M
placed at the centre of the sphere.

— - a—>

® 0

Thus, the force on the ring due to the sphere is also equal to
the force on it by particle of mass M placed at this point. By
Newton’s third law it is equal to the force on the particle by
the ring. Now the gravitational field due to the ring at a

distance d = /3 a on its axis is given as

©)

™

@®

&)

3 Gmd 3 \/§Gm
(32 er2)3/2 g2

The force on sphere of mass M placed here is

F:Mg:‘/gG—IZIm
8a
4 3
o o)
). g = - DS 4
T OR? R? 3
g R

As Radius of the moon is one forth so g on moon is also one
fourth.
Time period of a second pendulum on the earth.

!
T=2xn ! ;atmoonT=27'c/
Zearth Emoon
Dividing, ¢* = ¢ 8meon _ [1)
Eearth 4
YA 99 2_ =24.8cm
4

R)le g
R+h/) ° PutEn T

We know that%=[
L_(R )2 R
2 \R+n) % R+h 2
R+h=\/5
R

h=0.414xR =0.414 x 6400km orh=2649.6km

Ataheight 02649.6 km from the Earth’s surface, the accel-
eration due to gravity will be half its value on the surface.
Consider small element dx of the rod whose mass

or %=x/5—1=0.414

M L m
M | ] — @)
dm=—dx dx — a —>
¢ I¢ X »l
M 4 GmM
- U=de=—GL [ & ~——[Inx atl
V4 . X Vi a

N U:—Gli ge[a+€j
l a

Fig. shows three particles located at vertices A, B and C of
an equilateral triangle of sides AB = BC = CA = a. These
particles move in a circle with O as the centre and radius

r=0A=0B=0C
_ BD al/2 _a
c0s30° 3/2 3

=
I27
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Let us find the net gravitational force acting on one particle,
say at A, due to particles at B and C. Q)

3
______________________________ - (4)

Particle at A is attracted

and towards C with a

towards B with a force, F, = Gmm

_ Gmm
force, F2 = 2
a

. Gm?
Notice that F; =F, =F (say)= ——.
a

The angle between these equal forces is 6 = £ BAC = 60°.
The resultant force on the particle at A is
F, = (F>+F>+2F cos 60°)!/2

2
= F,=+3F ; Fr:ﬁanl

a

directed along AO.

Thus the net force on particle at A is radial. Similarly, the net
force on particle at B and at C is F, each directed towards
centre O. This force provides the necessary centripetal force.
If v is the required initial velocity of each particle,

2 2

mv Gm

then I 3 2
a

®)

or y2=.39m_Gm
3a a

a

2T X — 1/2
2 (a3)
mr \/5227: a

Time period T=—=
P v , Gm L3Gm J
a

TRY IT YOURSELF-2

(10

) Arg=g,-Re’= J=g-Ro’ = Ro’ =

R R
= ch02=g7:>vz=g7 ......... (1)
V, =42gR ©)

Fromeq. (1)and (2), v, =y2x2V? =V =2V

GM
(A.L=mvr => L=m Tr

= L=mvGMr ... )
dA
L=2m— ... 2
it @
Fromeq. (1) and (2),
d_AOC\/;:> (dA /dt), _ 4 2
dt (dA/dt), 1 1
D).
(D). As there are no external torques acting on the system,

angular momentum is conserved.

Ifar Opyyr = Inear Opear

2 — 2
or (mear ) Opyp = (ml{near ) Opeqr
Setting R, .= d/3 and R, . =d,

we geto ... =90 .

car
An alternative is to look at the body's translational motion.

We can write the conservation of angular momentum as R,
XPar = Rnear X Pnear:

At the near and far points, the angle between R and p is 90°,
so the cross products become (p)(R)sin 90° terms and we
) (d/3),orv,

can write (mvg, ) d = (mv, =3V

near near

=(d3) o,
=3vg, a8 (d/3) o, = 3(d) o,

Noting that vy, = dwg, and v

near ear’

W€ can rewrite Vhear

or (’Onear

(AC).

=90y,

(A) Ultimately conservation of energy can lead you to this
conclusion, though there are several steps analyzing kinetic

and gravitational potential energy to get there.

(B) There is no such law as Conservation of Angular

Velocity. This is silly.

(©) An analysis using conservation of Angular Momentum
leads directly to m, v R 4sin 0, = mpvpRysin O, and given
that R, 6, and m are the same at positions A and B, you have

a clear and direct path to v, = vg.

(D) Conservation of electrical charge, though true, does not

help you with this problem.

Start with T = 2nVR? /GM and plug in the numbers to get
T =6 x 10135 =200 Million years.
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(7) The law of conservation of energy says that at any two The semi major axis of such ellipse is R/2.

®

(C)

points on the orbit labelled 1 and 2,

GMm 1 2 GMm 1 2
— +— l'nVl = - +— sz
n 2 ) 2

Cancelling m and plugging in

r, =R +890km=637x 10°m+8.9 x 10°m
v, =7.23 % 103m/s

and similarly for r,, we find v, =7.95 kn/s.

30R,.

and

T, =Ty =1 year, T, = Tieptune = 165 year

LetR; and R, be the radii of the circular orbits of Earth and

Neptune respectively.

T R} 3
T=—5 L Ry=— o

T _R{ w3 _ Rix1657
LS

2
12

R} =165'R; or R, ~30R,.
When the Earth’s motion is suddenly stopped, it would fall
into the Sun and (suppose) it comes back. If the effect of
temperature of Sun is ignored, we can say that the Earth
would continue to move along a strongly extended flat el-
lipse whose extreme points are located at the Earth’s orbit
and at the centre of the Sun.

10

T_'z_[gf Bl
Now 12 2| | R3

Where T is the time period of normal orbit of earth.

2
or T? =— or T':_T
8 22
Now, time required to fall into the Sun,
T’ T 365
=—=—==—=~=~65da
2 42 42 Y

So, the Earth would take slightly more than 2 months to fall
into the Sun.

If R is the radius of the lunar orbit. T is the time period of the
Moon around the Earth.
47 R3

GT?

Here, T=27.3 days=27.3 x 24 x 60 x 60 second; R =3.9 x 10°
km=3.9x108m,G=6.67 x 101! Nm? kg2

Substituting the values, we get

Mass of the Earth M, =

C 4x(3.142)? x(3.9x10%)°
6.67 x 1071 x (27.3 x 24 x 60 x 60)°

kg=6.3x10%*kg

]

[4




SOAL

ODM ADVANCED LEARNING

Q.B.-SOLUTIONS

STUDY MATERIAL: PHYSICS

)

@

(€)

(C)

®)

(©6)

Y

®
(C)

HAPTER-9 : GRAVITATI 0
EXERCISE-1
(A). The situation is as
shown in the figure.
According to
Newton’s law of a1
gravitation, (12)
gravitational force
between two bodies of masses m; and m, is
Gmym, . .
F= 2 where r is the distance between the two
G (13)
masses. Hence, r=r; +1, .. F= m—1r1122
(rl + rz)
©). F=GI2 66753 10 6675107 N (14)
r 1
Gm] m,
A). f6=—7F—
r
Doubling the value of either one of the masses, while ~ (15)
not changing anything else, will double the value of
the force.
2
oofiw]
(©). F= G xmxm = :—nzsz4
(2R)? 4R 9
. FocR?
(B). The Moon remains in its orbit around the Earth
because it is in balance with the gravitational forces
from the Sun and other planets. 16)

(B).

A).

(D).

(A).

It will remain the same as the gravitational force is
independent of the medium separating the masses.

Focxmx(l—x)mzxmz(l—x)

. dF
For maximum force — =0

dx

:d—F:mz—b{m2 =0=>x=12
dx

We know that, forr<R,I=0andr>R; Lo« 1/r%. So
the curve (D) gives the correct relationship.

The gravitational field at any point on the ring due to
the sphere is equal to the field due to single particle
of mass M placed at the centre of the sphere.

+«—d=a—>
M m

am

The force on sphere of mass M placed here is

. Gmd B \/gGm
(a2 +(12)3/2 ga2

B \/§GMm

F=Mg
8a’

(C). Gravitational intensity is zero at all points inside a
hollow spherical shell. Thus, if we remove the upper
hemispherical shell the net gravitational force acting
on the particle at the centre and at any other point
will be acting downward which will be direction of
gravitational intensity.

(B). The gravitational intensity at P will be along ‘e’.

(C). Gravitational potential on the surface of the shell is
V = Gravitational potential due to particle
(V) +Gravitational potential due to shell itself (V)

,Ginu[,Gimj __4Gm
R R R

(C). Inside the shell gravitational field due to the shell
will be zero but there will be some gravitational field
due to the block.

(D). V=V, +V, ==L =72

n %)

10° 10°
=-6.67x 10711 7=+ 5 | =—1.47 x 1077 Joule/kg

(C). The P.E. of the object on the surface of earth is

GMm
The P.E. of object at a heightR, U, =~ GMm
(R+R)
The gainin P Bis Uy~ U, = 2o = L por
egaininPEisUy—U; = —-— = - mg
{ g= %on surface of earth}
R
(B). From figure,
AB=BC=CD=AD=/ o m
N 1B
AC=BD= 2,2 12 .
Total potential energy of the l
system of four particles each AN
of mass m placed at the D& m C
vertices A, B, Cand D of a
square is
( mexm] [ mexm)
U =| — +| —
AB AC

( Gmﬂ ( sz\\ ( Gmﬂ
)
( Gm2) [ Gm2) [ Gm2)
) ) )

e
I30
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2 2 2 , d g d 3
__46m” _26m” __2Gm [2+L] 29 (.8 =g[1—§j31=g(1—§) =d= R
/ 2 ¢ NG
(17)  (O). Let M, be the mass of the earth. | 1 o1
L EX— R g
o G0 (©-8% 3
The work required W =GM_m {_ -
ol coli)
_ GM mh gRg mh mgh G @A) g:¥= R2 ZEGEPR ; gcR
Re(Re+h) R (Re+h) (1 N L\ As radius of the moon is one forth so g on moon is
L Re) also one fourth.
[.. GM,= gReZ] Time period of a second pendulum on the earth.
4 '
18) (A). s =§TEDGR .If p = constant then & _ R T=2x ¢ : atmoon T =21 4
g2 R2 Eearth Zmoon
4 g _pRy 1 4 2
_z = P il 99.2
a9) (©.¢g 3 GnRp g PR, 271 1 Dividing, ¢' =/ Zmoon _ ) (lj ;' =——=248cm
8earth 4 4
RV & R )Y 1 R
SR S VN S o |
@0 ®).&=¢ R+h 4~ %R+ 2 R+h 32 D). ve= g L-e.escape velocity depends upon the
+h=2R .. h= i
= R+h ZR h=R . . mass and radius of the planet.
(21) (O). Acceleration due to gravity at poles is independent
of the angular speed of earth. _ 2Gm _ 8
(22) (A). For condition of weightlessness of equator @33 ®). v = R R EnGp
_ g _ 1 _ 125%10°3 rad If mean density is constant then v, oc R
R 800 s
2 k — & — l =V = V_p
N e —— v R 2 ?
R+h V2 R+h (34) (A). Escape velocity does not depend on the mass of the
= R+h=+2R =h=(2-DR =0414R ol . _ 2™
projectile. =R
24) (B). gcpR
vi_|e Ry
GM _ op - —4—= B JoxK = 12
25) (B). As g =? therefore 1% decrease in mass will (35 (A) v=y2R - \0) 2 ) R, &~ (Kg)
decreases the value of g by 1%. (36) (B). If missile launched With. escape velocity then i.t Will
But 1% decrease in radius will increase the value of g escape from the gravitational field and at infinity its
by 2%. As a whole value of g increase by 1%. total energy becomes zero.
(26) (B). The value of g at the height h from the surface of But if the velocity of projection is less than escape
velocity then sum of energies will be negative. This
carth, &' =8 [1 - %) shows that attractive force is working on the satellite.
The value of g at depth x below the surface of earth, Gl @A) Yp _ ﬂ « Re _ 2% 2 .y - %V
"ve M, R, V73 N3 P \3°°©
X ¢ ¢ P
¢ =e(15)
v R
These two are given equal, hence 38) (O). v=120R = i ,g—p x—L =\Ix4=2
(-3)-0-3) .
R/ U R = Vp=2xV,=2x112=224kmis
On solving, we get x =2h
(27) (D). Because acceleration due to gravity decreases. (39 A).g.= g~ Ra? = % =g-— Ro?
2
R 4 4
28 .g':g[ j =—g ~W'=—W
28 (© R+n) 9 9 - Rw2=§:> R2 2:%:\/2:% ......... (1)

T
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(40)

(1)

(42)

(43)

(44

45)

(46)

7

(48)

49

(50)

(1)

(52)

(53)

V, =2gR

Fromeq. (1)and (2), v, =y2x2V? =V =2V
(C). Angular momentum remains constant
d
mVldl = mV2d2 :>V2 = u
2

(B). Orbital radius of Jupiter > Orbital radius of Earth

_|GM
V= T . As >, therefore Vi<V,

> 5 m ()"

D).T «r'= T o J

(A). During path DAB planet is nearer to sun as compari-
son with path BCD. So time taken in travelling DAB
is less than that for BCD because velocity of planet
will be more in region DAB.

(C). Because distance of point C is maximum from the
sun.

( 3/2 3
B). T, =T | -2 =1x(2)"“ =2.8 year
(B). T, 1LR1J 2 y

T2 2.3
(B). 3= constant = T“r™> = constant
r

T, (rz\z'/2 320 f3
2120 202 _
®). 7 Lrl | () = T, =242 years.
2 2p3
(A). mo’R = (2—“) R-M p- 2R
R T R GT
4 2.3
A). T2 =11
GM

(D). As there are no external torques acting on the system,
angular momentum is conserved.
Ifar Oy = Inear Opears 2
or .(ranar ) Opar = (Ianear ) Dnear
SettingR .. .=d/3and Rg, =d, we getw ., .= .
(A). T =Tg,q = L year, T,= TNeptune = 165 year
Let R, and R, be the radii of the circular orbits of
Earth and Neptune respectively.
T_12=R_13 R _R{T} _R{x1657

T Ry T/ 12

R3 =165’R; or R,~30R,.

(B). Centripetal acceleration works on it.

[GM |
B). v= - ifr; >r, then v; <v,

Orbital speed of satellite does not depends upon the
mass of the satellite

(54

()
(56)

(7

(58

(39

(60)

(61)

(62)

(63)

(D). Distances of the satellite from the centre are 7R and
3.5R respectively.

3/2
T, (R,)

T (R
(B). Time period is independent of mass.
B). v, =2vy =1.414 v,

Fractional increase in orbital velocity

[ﬂ) =Y Y0 _ 414
A\ VO

3/2
3.5R
=T =24[—] =632 hr
2 7R

Percentage increase =41.4%

(C). vor =, Ifr=Rthenv="V,

%

Ifr=R+h=R+3R=4R then v:%zo.svo

3/2

R

= [—] = T2 = STl
4R

3/2
T _(Ry

0).
()T2 LRz

(O). A polar satellite is a low altitude satellite.
Hence, option (C) is an incorrect statement.
While all the other statement are correct.

(C). A communication satellite is in a circular orbit around
Earth. If the speed of the satellite is constant, the
force acting on the satellite points toward the center
of Earth at all times.

2GM 2GM
©). V, =112 = /G— Vv, = m
R R,
Vm:‘fGXMX4:11'2X2:2.5km/sec,
81xR 9

(B). Escape velocity, v, =,/2gR
At a height h above the Earth's surface,

S
(R +h)?

2 2
v 2ng2(R+h)=\/2gR
(R +h) R+h

g=9.8ms 2, R=6.4x10m, h=1,000km=10°m

V’e: 2gh (R+h), gh =

1

o [2x9.8%x(6.4x10%)?
Ve= ms~

(6.4+1)10°
=10.42x103ms'=1042kmsL.
.. The escape velocity at a height 1,000 km from Earth's

surface=10.42kms 1.
(B). The extension in the length of spring is

TR T R ‘

=
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X R2 6400 64 (73) (D). Angular momentum of the planet about S is
. 22 ———— orxy=1x [ ) =— =079cm conserved. So, mvr = constant.
X (R h) 7200 81 v is maximum when r is minimum. So, v is maximum at
point P,.
Gm Gm 74) (A). Slnce T2 =kr?
4) (A tal ,/ /
(64)  (A). Orbital speed v, = Differentiating the above equation
AT Ar AT 3 Ar
2Gm 22— =3— = =
Hence, escape speed v, = =22 m/s =1 r T 21
(65) (B). Acceleration will be due to gravitational pull only. EXERCISE-2
66) (B). v, =+/28.R; ; =.2g.R, 1 7
1 Q). ® = = T=2nVtan0 =2x, |—
O ©. \tan 0 g
Ve _ _ /i
v R
m gm m V4 gground _ tan eh _ (R + h)2
(67) (A). For a body of mass m resting on the equator of a 8= tan 0 g " tan Oground - R2
planet of radius R, which rotates at an angular velocity o,
the equation of motion has the form mo?R =mg'—N. tan60° (R +h)2
Where N is the normal reaction of the planet surface, and @an30° = [ R ) =h=0.73R
g'=0.01g is the free- fall acceleration on the planet.
By hypothesis, the bodies on the equator are weightless, @ @
i.e. N = 0. Considering that = 2 n /T, where T is the ) 3 _ —GMm
period of rotation of the planet about its axis (equal to the (A) T ocr (B) E= 2
2
lar day), we obtain R = — ¢' |GM
solar day), we obtain a2 g ©)v= . (D)L=mvr=m \/GMr
. . _ 4 Vo 2
Substituting the values T=8.6x 10%sand g' = 0.1m/s%, 3y (B) Mass per unit length = A+ Bx2. So the mass of length
wegetR = 1.8x 107 m=18000km. dx is M = dx (A + Bx2)
o — 1 a+L
©68) (B). & R2 . R decreasing g increase curve b represent F= J‘ Gm( ] dx ( A +Bx2)
variation. x
d 2 »’R? atlL A A A
69 A). g(l——j:g—m R . d= = | Gm|—+B|dx =G {__ +BL}
@) @ R g '[ x? " a a+L ’
(70)  (B). Orbital velocity close to surface of earthis /gR . ( Potential at\ ( Potential at\
4 B). V,
1 s 1 @ (B)- Va = LAduetoA AduetoB
So, E= Em(JgR) = E= Eng
If the body is to escape, the velocity at surface of earth is
2gR . If E'is the kinetic energy corresponding to this =V, =- Gmy sz
R -
1 2 —— R —pl
i E'=—m(2gR =
velocity then 2 m(y2gR)" = E'=2E v ( Potential at | [ Potential at )
B~
B due to A B due to B
D) (©).T>cR3or (T,/T))=(R,/R)>> 1B dwe 0 A)7LB due 0 B)
30 V. = Gm, Gm )
T2 _ 6400 6400 3/2 = YB — R - \/ER . Since WA—)B = m(VB _VA)
or ?_ m or 2=[—] x 24 ~ 2 hr.
1 36000
(72) (D). The acceleration due to gravity at earth’s surface is g = Wu,p= Gm(m, —m, )(\/5 )

and at a distance R from earth’s surface it is g/4.

T
Hence, ?1 =2 [ T=2nl/g]

2R

]
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| | | hence r 7 1 I, ) 2
5) (A). hI where M is the mass of the sun.
LT vl 1 1] v @
n i 2 2
Gauss law for gravitation V2
o 4= _ GM (rl rz\ V12r1 V12 Vit
Ig.ds =-m;, 4nG ; &= RZ or GML - 2r22 T (as V2 from (i))
GM 2R
2x—xA= (hxA)x4nG = h=— (-1) v VI -2
R 4 R3 3 or GMLI ZJ——ILL—1J=—1L1 ZJ
3 n nn 2 r22 2 r22
(6) (C). Let N be the number of stars in the galaxy, M be the )
mass of the Sun, and R be the radius of the galaxy. The V2 = 2GM(y —)ny _ 2GMr,
total mass in the galaxy is NM and the magnitude 02f the ! ity (r12 - r22) (g +r)
The force points toward the galactic center. The 2GM
. N . . _.2 . _ 5]
magnitude of the Sun’s acceleration is a = v</R where v is — Vi = [—}
its speed. If T is the period of the Sun’s motion around n(n +1)
47°R
the galactic center then v = and a = 2 Now Angular momentum = mv,1, =m [%} )
(t +12)
) GNM?  47’MR (10) (D). At the surface of the earth, the potential energy of
Newton’s second law yields = 7.
R T . . GMm
the earth-particle system is ———
253 R
) ) _4n°R 1 5
The solution for Nis N = GT2M and the kinetic energy is Em Vo . Atthe maximum height
The period is 2.5 x 108y, which is 7.88 x 10155, s0 the kinetic energy is zero. ,
If the maximum height reached is H, the potential energy
4n? (2.2x10*m)?
N= At L .. GMm
(6.67%10 T /52 k) (7.88 < 1055)2 (2.0 x 10" kg) of the earth-particle system at this instant is _ T
=5.1x10" . .
Using conservation of energy,
L dA GMm 1 5 GMm
7 = L =angular momentum - +—mvy =—
R N ) R 2 °" R+H
o — 2 e g0
MY GA . 2 dA /dt 20 Writing GM = gR~ and dividing by m,
2m dt ’ e I'min V% —ng R? V%
—gR+—2= or ——=R-
\Y% r r 2 R+H R+H 2g
K — K
® (O.B=-—, [dv=-[Edi=-]—dr ,
r r
Vo 0 | or R+H= 5
Yo
V-Vy=Kln— 2g
o Putting the values of R, v, and g on the right side,
Potential at distancer, V =V, +K lnri R H- (6400km)2 _ (6400km)2
° 9.8km/s)>  1500km
. ( )
(9)  (A). As the angular momentum of the planet is constant, 6400km — 2x98m /<2
x9.8m/s
we have mv,, =mv,r, or Vi, =Vv,, ..(1) — 27300 km

Further, the total energy of the planet is also constant,

H = (27300 — 6400)km = 20900 km.

—_—
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(11)  (A). Consider a strip of thickness dr and area ds at a 5 )

distance r from the centre of the sphere as shown in figure. v = MR, = o4n(Ry +Rp) Ra

Its mass dm = (ds) (dr) p Va RM, ([R%+R3)"? c4nR}

Inward gravitational pull dF on the element dr is due to

the part of earth contained within radius r

G(ds dr)px (gnr3pj

2
r

.0

where p = density of sphere
For equilibrium of the element
dP.ds=-dF

dP.ds = —(Gdsdr) (g nrj p’

or dP = —?nsz rdr

In order to find P, we integrate this expression within

P r
4 2
proper limits. Thus I dp = —gnGp .[ rdr

0 R
[Here at the outer end, the pressure P = 0]

4 27
T
©P=-21Gp?| —
R
2

(
4 ) 2. _ 4 2p 2 r
=——7G _R?) =+=nGp"R7| 1-—
cTGp’(r* —R%) =*g Y

30 2 am?
sl TR
Pressure at the centre of the earth:
r=0,R=6400km, M =6x10* kg
and G=6.6x10"N-m’ /kg2
Substituting these value in eq. (iii), we get

P=1.69x10"N/m?* =1.65x10° atmosphere.

(12) (C). M, = 647R%, My = c41R3,

where o is surface density

-GM -GM
A B

Vio M, Ry c4nRi Ry R,

Vs Mg Ry 641IRZB Ro Rg
. Va Ry 3 4
Given V_B_E_Z then Rg ZERA

for new shell of mass M and radius R :
M =M, + My = c41R} +oc4nR%

c4nR? = G47‘C(Ri + RzB) then

a3 o).|°

-GM
Gravitational potential at P, Vp = ﬁ

o . -GM
Gravitational potential at O, Vg = B

Work KE theorem W = AK = m[vp —vo]= lm\,z
2

2GM 1
S ——
R

{GM GM} 1,
m

ROR) 2™ o

(14) (B). Stars move around COM. Distance of each star from
2 L
is =—xLcos30°=—
COM s 3 5
Force on each star M due to the other two
MM M?
= ZG 3 cos30°:x/§G 3
L L
This acts as centripetal force.
GM? _ mv?
2 (L/\3)
v [SM
- L
To dismantle the system, energy equal to total energy of
the system must be provided.
( 2 2
ie. 3x My g3 SMT ) 3GM
2 L 2 L
(15) (B). According to the law of conservation of angular

momentum, mv,r; = mv,r,
N

Perigee Apogee

[4
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Vi_n_a(+e) [4 3j - (4 3j .
v, 1 al-o) where e is eccentricity B G ETCRI p(-1) . G gﬁRz p(-5)
Il = . 12 =
R} R3
(1+0.0167) 1 2
of the earth’s orbit= 1-00167) 4 o
(1-0. ) I=1 -1, (T - intensity inside the cavity)
(16) (A). Let the gravitational field be zero at a point distant x
4 4
GM, GM, X M, = anp[ +5]=—= anf
from M. 2 2 5 g—x AM. . .
X (d-x) -X 2 (20) (D).IfMis the mass and R is the radius of earth, then the
xMy = Md—x My 5 x[ M) + M, |=M;d density p=
d /_ d (_ gTER
,/ ,/ ,/ ,/ The spherical volume may be supposed to be formed by
Potent1al at this pomt due to both the masses will be a large number ofthelr concentric spherlcfal shells.
Let the sphere be disassembled by removing such shells.
_GM, GM, When there is a spherical core of radius x the energy
x (d-x) needed to disassemble a spherical shell of thickness dx is
_ Gmym, 4 3
M (V™ ./Mz) M, (M +4M;) W =2 my = S
d yM d M, m, = mass of spherical shell of radius x and thickness
mx2dx p.
:__(V VMz) ___(M1+M2+2V VMZ) G[émgpj (4nx2dxp) 16
= 20~ 4
(17)  (B). Gravitational field at mass m due to full solid sphere dw . = ?“ p~Gx"dx
4 R .
I, = Gpg - 5 (toward centre) Total energy required
R
Gravitgtional field at mass m due W= I 22 0 2Gx3dx = Enzpz G { i }
to cavity 3 5
0
3
or3x(5) ()
L=——— (toward centre) 2
R 1622GR 16 ,| M s 3GM
np —— =—Tn GR” =——
3 5 15 4 .3 5 R
o 4 3 —nR
Net gravitational field= Gp 3™ R 3
; But GM = gR?
Here, p=ﬁthen F:ﬂ 3eR2ME 3 3
(4/3)mR =282 ¥ _CoMR =2x10x2.5x10%!
dE GMm 1 d MRS >
GMm m r - 32
o — =1.5x10"J
(18) (). E e b dt | 2r 2dt .
(21) (A). In AAOB: cos60°=—= 0B =2R
¢ dt = GMm 'f dr GMm| 1 1 OB
.[ t=- 2C jr_z ; U= ¢ |R r Here gravitational force will provide the required
T
19 A). Fo.r calculation of gravitational field intensity inside centripetal force. Hence, -3 = m(OB)w
the cavity. (OB)

e
N

Gravitational field (L)
intensity without

cavity (I,) T =T,

T
|36




( GRAVITATION )

SOAL

ODM ADVANCED LEARNING

M

@

€)

Q)

©)

(6

GM /GM
(OB)? (2R) 8R*>

EXERCISE-3
4 53
Gd—nR 4
5.0-9M_ " 3 [d=density] ; g=Gd>nR
RZ RZ 3

Since g is constant and R increased by factor 5,

d decreases by factor 1/5.

M
GMm © El
3. Change in force of gravity = ? - R2

™

@®

(only due to mass M/3 due to shell gravitational field is

zero (inside the shell)).

2Gd nR3
+ V. =42gR = / =

[\°]

= R,/2Gd T as V, R for same density, Va _
3 Vi
1 , GMm GMm
2. —mv, =——— ; V. =,[—— =4/2gR
2 € R > [§] R g
In tunnel body will perform SHM at centre
V nax = A® (see chapter on SHM)
R2rn R —
2ndRig &R f
2. Total energy = kinetic energy + Potential energy
1 > GMm
Ey=—mv” -
0=75 ; (¥
Pt mv?  GMm I 2_GMm
- = —mv =——-:.
urther, . 2 or 5 o (i1)

1
Substituting the value of Emv2 in equation (i) from

i . . B = GMm GMm  GMm

equation (ii), we get kg or r or
GMm

Therefore, P.E. = T 2E,

(C)

(10)

)

4. Due to mutual force of attraction they will revolve  (2)

about centre of mass with same .

2
1 2((1) 1
—4mo” | — —
KEgm _ 2 s) s
KE, 1 2[4d)2 164
12X
2 5

<« d/5—><«——4d/5—>
———eo——————o

4m CM m

(€)
@

®)

2. Remember Keplers law are applicable for satellite also.

) dA ] 1 GM
Areal velocity = a = om EVI‘ =3 Tl‘

(mv2 _ GMm\
r r2 J

Areal velocity o +/r . Hence ratio of areal velocity =1 : 2

1 , GMm GMm _GM
3. —mvg——=- and g=—5
2 R R+h R

2
Therefore l><3><gR—Rg:— 8
2 2 R+h

We get, h=3R

From Kepler’s law, T2 oc R3
Parking orbit, 12 oc R3
After missing, T2 oc (3R)?

2 3
T 27R
T =27 ; T=+27 =33 day
G 3]
GM ( )p(
3. g=—5+= 3 ;g cpR
R R

(G)L(p)[ nRﬂ]

EXERCISE-4
(C). Work=U;— U,

GMm GMm

= +

(R+3R) (R+2R)
_ GMm GMm _ GMm _mgR
4R 3R 12R 12
o v - 2GM
©)- Ve =\

(A). Satellite go in tangential direction.
(O). Kinetic energy needed to project body so that it can

1 1 2
escape out K = Emvg = Em(alzgR) =mgR
(B). Escape velocity does not depend on angle.

T
B). 72

B

©)
—
I 37
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™

®
(C)

(10)

(11

(12)

(13)

(14

15)
(16)

amn

(18)

19

M SM

“——9R—>

(B).

Both the particles will strike at centre of mass.
So, distance of c.m. from smaller body

(20)
m,r 5m(9R) 5m(9R)
h = =7.5R
m;+m, m+5m 6m
GM
D). v= \/ \{
(R +X)
(A). Time period does not depend on mass of satellite. @1
B). GaininP.E.= mgRh
(B). GaininP.E.= R+t
1 k
™ "
2
pok_m? 5( ! ]
rn T ’ m rnil

n+l

Time period T = EL 2nr,/%(rn_l) (Tocr 2 (22)
v

(A). g depends on density of earth, but the reverse is not
true.

(C). & =(1—&j 5 84 =(1—i]
R R

g, =g ;2h=d

GMm 6.67x1071 x100x10x 107>
R 10x1072

W=6.67x10"10]

(A). Electron charge is same everywhere.
(A). Gauss Theorem

(D). W=

. GM
(B). Escape velocity Ve = T
re
HenceMZIOMe.r:E
[G x10M,
=TT = 23
Ve 1, /10 =110 km/s (23)
D). o' = g 'gz g -1+£=3.h:2R
ST 0 (a2 RO
(1+—] (1+—)
R R
(24)
G_m_ G (4m)
D). "2 (r—x)2
R 21/3 4m

2 r r
—=—— ;r-x=2x; 3X=-=Xx==
X r—-x 3
_GM_G(4m) 7_3GM_6Gm _9GM
r/3 2r/3 r r r

GMm GMm
oy oSt

m
=gR? X = mgR =1000x 10 x 6400 103
=64x10°J=6.4x1010

1 2 GMm
A). B =—mvy ——
(A). By SV
_1 GM GMm_GMm (__ ] _ —GMm
2 3R 3R 3R \2 /) 6R
GMm 5GMm
E; = +K B=EBp, K==
M
u
u
45°
®B) M 155/ M
M
Net force on any one particle
2 2 2
= GM2 + GM 3 cos45°+ GM 3 cos45°
(2R)*  (R2) (RV2)

~GM?[1 { 1 }
R? [4 2
This force will be equal to centripetal force so

Mu?  GM? {HZ\/E}

R R2 4

= \/G—M[Hzﬁ] :l\/G—M(zﬁH)
4R 2\ R

e (zﬂ

_-GM

A.V=V,-V,; V1=

3G (M/8)
2(R/2) =

C 2GM
©- VR+ “\VR+h

Increase required =V —V

:(ﬁ-n[./%}:w-n@

y=-

STUDY MATERIAL: PHYSICS
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25

(26)

@n

2%

29

30

(C)_g:G—IZIr, 0<r<R
R

kK mV?

1
Fe— ; F=—=—
A) R0 R" R
(1-n)

=V?= =VxR 2

mRn—l
n+l

2R R

Now, T=—+ =
R 2

@31

Gm?
a a2

(©). M Moo M
GM
@22 G0 (32)
a2

Net force on particle towards centre of circle is
GM? GM2 5_GM

)
2a2 a’ a[

This force will act as centripetal force.

FC =

(33)

Distance of particle from centre of circle is —L
2

a mv mv GMz(l )
r=—/7—, FC:—; _— —+\/5
2 r a a’

2
ZGM(I )
Vo= +1
a2\/—

— =1. 16\/W
a
(B). Minimum energy required (E)
= — (Potential energy of object at surface of earth)
Now M =64 M

moon

a3 ;

earth

4 3 4 3
pr57RI=64 -nRY = R, =4R,,

Emoon — Mmoon . Rearth _L i

Now, =
Eearth Meaﬁh Rmoon 64 1

e)
E
= Epoon = 16

-GM M
%Mu2 =

Q*Q*H

-GM M
S +1Mv2

(A). Q?)

(©).

D).

16.

(D).

A).

V1 — Transverse velocity of rocket
VR — Radial velocity of rocket
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Gravitational field on the surface of a solid sphere
Iy =%. By the graph, G—N;l:Zan GM22 =3
R )] (2)
On solving, M 1
M, 6
UptK =0 +K,
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v2=112.896+ 144
v=16.027
v=16km/s
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DM ADVANCED LEARNING STUDY MATERIAL: PHYSICS
3) (A). Potential energy at height R = - G;\;[{m Gravitational potential at point P due to particle at O
If m be the mass of a body which is thrown with is V= _G—M,
velocity v, so that it goes out of gravitational field (a/2)
from distance R, then Gravitational potential at point P due to spherical
GM
L2 -SM oy = [SM shell is Vy = ———
2 2R R a
Hence, total gravitational potential at the point P is
or v, =4gR.Now, v=,/2gR, V=V, +V,
v GM [ GM] 2GM GM _ 3GM
= Ve =—= =t —— | =— Bl
0. V=2veor Ve = @/2) \ a 2 a a
Comparing it with given equation, f=1/2 B  (O).viry=v,r, (" Angular momentum is constant)
“) (B). Since orbital velocity of satellite is .
® ©g=—>ts; £ &
GM 1+ 16 h
V= P if does not depend upon the mass of the R 1+ R
satellite. Therefore, both satellites will move with same 12
speed. [1+—j =16;1+£:4 ;2:3 ; h=3R
(5)  (B).SCD:A, -t (areal velocity constant) R R R
A, A, A (10) (A). Gravitational attraction force on particle B
. _ ,——=—, ti =tHh.—
SAB: A, —t,; 4 G 1= A, o GM,m
A =24, Lot =2t ® (D, /2)
(6)  (B). Orbit speed of the satellite around the Acceleration of particle due to gravity
GM
earthis v=4/— a:Fi:4GMP
r m D2
where, G = Universal gravitational constant P
M = Mass of earth, r = Radius of the orbit of the T12 R13 (6R)? ) 24x24
satellite. an (©. 2 ROR ; TT=—g
For satellite A 2 2
Ty2=72; T,2=36%x2; T,= 62
" ey GM 0 2 2 2= 632
TA=A4R, VA =3V, YA =, ... 1
A A A (12) (A).V:—G(2)[l+l+l+l+ ........ }
. 1 2 4 8
For satellite B,
GM =-2G [ } =-4G
rg=Rovg=2 VB=,— .. (i) 1-(1/2)
:!
. . . . .o . . 2GM
Dividing equation (ii) by equation (i), 13) (©). Ve = / = C
YB_ Aoy, A
va Vs 0 Mg R _2GM _2x6.67x107'! x5.98x10%
Substituting the given values, we get c? (3x 108)2
f4R -3
vg =3V ?; vg =6V _ 2x6.67x5.98x10 " m —886x103m~102m
9
@) (A). Here, Mass of the particle =M

Mass of the spherical shell =M

) . (14)
Radius of the spherical shell = a
Point P is at a distance a/2 from the centre of the shell
as shown in figure.
)
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(16)  (A). The gravitation force on the satellite will be aiming  (23)  (A). Astronauts move towards each other under mutual
toward the centre of earth so acceleration of the gravitational force.

satellite will also be aiming toward the centre of earth. B

(17)  (B). For the satellite revolving around earth perihelion /[”NVC
A c
\/ GMe ’ GMe ’ gRe (24) (B)- Kuaphelion
Vo = = A

- - h
Re+h) \/Re [1 + h} \/1 "R Point A is perihelion and C is aphelion.
Re ¢ S0, V> V>V . So,K,>Kg>K.
(25) (D). If Universal Gravitational constant becomes ten

Substituting the values v =60 x 10% m/s times, thenG'=10G
Vy=7.76 % 103 m/s=7.76 km/s So, acceleration due to gravity increases.
i.e. (D) is wrong option.
GM
(18) (A).V=- M . g == Q=R+h
(R+h) (R+h) g

7
A0 Rk = 9x106=R+h
6.0 (26) (D).
= h=(9-6.4)x10% =2.6 x 10°=2600 km

8
(19) (B). ve=+2eR = R‘/E nGp Acceleration due to gravity at a depth d from surface
3
r_ 1——
Ve _ Re\/g 1 R, =2R, of earth & g( =)~
= Vp Ry Pp 22 Pp = 2Pe Where g = acceleration due to gravity at earth's
surface.
20) (B). &n - GMr _, o ot Multiplying by mass 'm' on both sides of (1)
. 5in 3 in
R , , d R
GM g mg'=mg|1- R d= >
8out =7 5
' RO G— =200[1—R)=@=100N
= Zout * 1/1‘2 2R 2
GMm (27) (C).Initial potential energy at
21) . Total energy = — GM
( ®) & 2r earths surface is U; = —Tm ______________ .
Here,r=R+hand GM = g,R?. ) . h=R
Final potential energy
. mg,R? atheighth=R
= E=——77"—+
2(R+h) _ GMm
2h d TR
(22 (©).g,=g,:8 1—? =g 1_E ; d=2h=2km As work done = Change in PE
GMm gR’m mgR
W=U-U;=— =5 0= T8 (.GM=gR?)

2R 2R 2

B
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