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Gravitation

Introduction

N ewton at the age of twenty-three is said to have seen an apple
falling down from tree in his orchid. This was the year 1665. He started
thinking about the role of earth's attraction in the motion of moon and
other heavenly bodies.
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By comparing the acceleraof'due to gravity due to earth with the
acceleration required to keep the moon in its orbit around the earth, he was
able to arrive the Basic Law of Gravitation.

Newton's law of Gravitation

Newton's law of gravitation states that every body in this universe
attracts every other body with a force, which is directly proportional to the
product of their masses and inversely proportional to the square of the
distance between their centres. The direction of the force is along the line
joining the particles.

Thus the magnitude of the gravitational force F that two particles of

masses M; and M, are separated by a distance r exert on each other is

m, m A
given by F oc 122 : . B
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Fig. 8.2

Vector form : According to Newton's law of gravitation

E _ —-Gmym, o -Gmym, ? _ —Gmym, —r>
=T 2778 a =" —'a
| ol

BN
Here negative sign indicates that the direction of F12 is opposite to that

of Ty .
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. It is clear that F12 = — F21. Which is Newton's third law of
motion.

Here G is constant of proportionality which is called 'Universal
gravitational constant'.

fm;=m, and r=1 then G=F

ie. universal gravitational constant is equal to the force of
attraction between two bodies each of unit mass whose centres are placed
unit distance apart.

(i) The value of G in the laboratory was first determined by
Cavendish using the torsional balance.

(ii) The value of G is 6.67x10° M-m kg in S.. and 6.67x10* dyne-
cm-g2 — t———in C.G.S. system.

(iii) Dimensional formula [M -1 L3T72] .

(iv) The value of G does not depend upon the nature and size of the

bodies.

(v) Tt also does not depend upon the nature of the medium between
the two bodies.

vi) As G is very small, hence gravitational forces are very small,
Ty g Ty
unless one (or both) of the mass is huge.

Properties of Gravitational Force
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(1) 1t is always attractive in nature while electric and magnetic force
can be attractive or repulsive.

(2) 1t is independent of the medium between the particles while
electric and magnetic force depend on the nature of the medium between
the particles.

(3) Tt holds good over a wide range of distances. It is found true for
interplanetary to inter atomic distances.

(4) 1t is a central force ie. acts along the line joining the centres of
two interacting bodies.

(5) It is a two-body interaction ie. gravitational force between two
particles is independent of the presence or absence of other particles; so the
principle of superposition is valid ie. force on a particle due to number of
particles is the resultant of forces due to individual particles ie.
s e
F=Fi+Fao+Fs+...

While nuclear force is many body interaction

(6) 1t is the weakest force in nature : As F >F__>F .

(7) The ratio of gravitational force to electrostatic force between two
electrons is of the order of 107

(8) 1t is a conservative force i.e. work done by it is path independent
or work done in moving a particle round a closed path under the action of
gravitational force is zero.

(9) 1t is an action reaction pair ie. the force with which one body (say
earth) attracts the second body (say moon) is equal to the force with which
moon attracts the earth. This is in accordance with Newton's third law of
motion.

Note :n0

point masses, therefore for any two arbitrary finite size bodies, as shown in

The law of gravitation is stated for two

the figure, 1t can not be applied as there is not unique value for the
separation.

5D e _e

Fig. 8.3
But if the two bodies are uniform gspﬁeres then the separation r may be

taken as the distance between their centres because a sphere of uniform mass
behave as a point mass for any point lying outside it.

Acceleration Due to Gravity

The force of attraction exerted by the earth on a body is called
gravitational pull or gravity.

We know that when force acts on a body, it produces acceleration.
Therefore, a body under the effect of gravitational pull must accelerate.

The acceleration produced in the motion of a body under the effect
of gravity is called acceleration due to gravity, it is denoted by g

Consider a body of mass m is lying on the surface of earth then

gravitational force on the body is given by

GMm
F= =2 ()

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

If g is the acceleration due to gravity, then the force on the body
due to earth is given by

Force = mass X acceleration

or F=mg (i) m
From (i) and (ii) we have mg = GF\|\>/|2I"I"I
GM
g= Rz (i)
Fig. 8.4
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R*\3
4 o3 .
[As mass (M) = volume (EHR ) x density (p)]
4 )
g= Eﬂ'pGR -(iv)
(i) From the expression ( =GR—'\2/I =%7rpGR it is clear that its

value depends upon the mass radius and density of planet and it is
independent of mass, shape and density of the body placed on the surface
of the planet. i.e. a given planet (reference body) produces same acceleration
in a light as well as heavy body.

(ii) The greater the value of (M /RZ) or PR, greater will be value
of g for that planet.

(iii) Acceleration due to gravity is a vector quantity and its direction
is always towards the centre of the planet.

(iv) Dimension [g] = [LT]

(v) it's average value is taken to be 9.8 m/s or 981 cm/sec or 32
feet/sec, on the surface of the earth at mean sea level.

(vi) The value of acceleration due to gravity vary due to the
(a) Shape of the earth, (b) Height above the earth
surface, (c) Depth below the earth surface and (d) Axial rotation of
the earth.

following factors :

Variation in g Due to Shape of Earth

Earth is elliptical in shape. It is &
flattened at the poles and bulged out at
the equator. The equatorial radius is
about 21 km longer than polar radius,

N

<— R,
from g = —G'\Z/I j
A g GM Fig. 85
t equator =—
q e Rez
(i)
GM

At poles g, = ?
p

R
From (i) and (ii) S _ —2
gp Re

Since R >R

equator pole

Upole > Joquator and G, =g, +0.018 ms™



Therefore the weight of body increases as it is taken from equator to
the pole.

Variation in g With Height
Acceleration due to gravity at the surface of the earth

_GM

-7 (i)

g

Acceleration due to gravity at height / from the surface of the earth

_ GM
(R +h)?

g

From (i) and (ii) g'= g[ Roh

Fig. 8.6

R? )
= g r—z ...(IV)

[As r= R+ A
(i) As we go above the surface of the earth, the value of g decreases

because g’ oc —-.
r

(i) If r=00 then g'=0, ie, at infinite distance from the earth,
the value of g becomes zero.

(iii) If h<<R Je, height is negligible in comparison to the radius
then from equation (iii) we get

2 -2
R h 2h
= =g|1+—| =9/1-—
? g[ij g( Rj g{ R}

[As h<<R]

(iv) If h << R then decrease in the value of g with height :

Absolute decrease AQ=g—g' = ﬁRg
Fractional decrease ﬂ = 9-9 = 2—h
g R

Percentage decrease & x100% = %h x100%
g

Variation in g With Depth

Acceleration due to gravity at the surface of the earth

GM 4
=——=—npGR (i
RZ "3 G @)
Acceleration due to gravity at depth d from the surface of the earth
' 4 J S g/
g'=—npG(R -d) (i)
3
----&
, d
From (i) and (i) 9'=0 l—E
(i) The value of g decreases on going below the s (§7of the earth.

From equation (i) we get g’ oc (R —d).
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So it is clear that if d increase, the value of g decreases.
(ii) At the centre of earth d =R .. g’ =0, ie, the acceleration due
to gravity at the centre of earth becomes zero.

(iii) Decrease in the value of g with depth

Absolute decrease AQ=g—0' = d?g
Fractional decrease ﬂ = 9-9 = E
g R

d

Percentage decrease A9 x100% = R x100%
g

(iv) The rate of decrease of gravity outside the earth (if h<<R)is
double to that of inside the earth.

Variation in g Due to Rotation of Earth

As the earth rotates, a body placed
on its surface moves along the circular path
and hence experiences centrifugal force, due
to it, the apparent weight of the body
decreases. i

d

Since the magnitude of centrifugal
force varies with the latitude of the place,
therefore the apparent weight of the body
varies with latitude due to variation in the
magnitude of centrifugal force on the body.

Fig. 8.8

If the body of mass m lying at point 7, whose latitude is A, then due

to rotation of earth its apparent weight can be given by mg’=mg + F,

or Mg’ = \/(mg)z +(F.)? + 2mg F, cos(180 — 1)

= mg' = \/(mg)z +(Maw?RcosA)* +2mg mw?R cos A (—cos A)
[As F, =ma?r =mw?RcosA|
By solving we get ' =¢— w’Rcos? A

Me :0

earth is defined as the angle, which the line joining that point to the centre

The latitude at a point on the surface of the

of earth makes with equatorial plane. It is denoted by A .
O  For the poles A =90° and for equator 4 = 0°
(i) Substituting A =90°
Upote =9 — ®@°Rcos” 90°

in the above expression we get

"~ Opole =9 (i)

i.e., there is no effect of rotational motion of the earth on the value
of g at the poles.

(i) Substituting A=0° in the above expression we get

2 2 A0
Oeqator =9 — @ Rcos“ 0

" Yequator =9~ R (i)

i.e, the effect of rotation of earth on the value of § at the equator

is maximum.

From equation (i) and (ii)
Opote — Yequator = Rw? =0.034m/s?

(iii) When a body of mass M is moved from the equator to the
poles, its weight increases by an amount



——
UNIVERSAL
SELF SCORER
[S—]

392 Gravitation

m(g, — ge) =Mw’R

(iv) Weightlessness due to rotation of earth : As we know that apparent
weight of the body decreases due to rotation of earth. If @ is the angular
velocity of rotation of earth for which a body at the equator will become
weightless

g'=g—-w?Rcos? 1
= 0=g-0’Rcos?0° [As 1=0° for equator]

= g—a)ZR=0
R

2 R
or time period of rotation of earth T = 7 ZHJ:
« g

Substituting the value of R =6400x10°m and g =10m/s?

we get

= i =1.25x1073 id and T =5026.5sec =1.40 hr.
800 sec

Note

period of earth. Therefore if earth starts rotating 17 times faster then all
objects on equator will become weightless.

1
¢ U This time is about — times the present time

U If earth stops rotation about its own axis then at the
equator the value of § increases by @”R and consequently the weight of
body lying there increases by m o°R.

U After considering the effect of rotation and elliptical
shape of the earth, acceleration due to gravity at the poles and equator are
related as

g, =9, +0.034+0.018m/s*> .. g, =g, +0.052m/s?
Mass and Density of Earth

Newton’s law of gravitation can be used to estimate the mass and
density of the earth.

2
As we know g=—2,sowehave M= gR
G
612
m = 28xC4x10) 595107 kg ~10%kg
6.67 x10™
and as we know :%ﬂ'pGR,so we have pzlle—gR

B 3x9.8
4x3.14x6.67x107" x6.4 x10°

P =5478.4 kg /m?

Inertial and Gravitational Masses

(1) Inertial mass : It is the mass of the material of the body, which

measures its inertia.

If an external force F acts on a body of mass m, then according to

Newton'’s second law of motion

E
F=ma orm=—
a

Hence inertial mass of a body may be measured as the ratio of the
magnitude of the external force applied on it to the magnitude of
acceleration produced in its motion.

(i) Tt is the measure of ability of the body to oppose the production of

acceleration in its motion by an external force.

(ii) Gravity has no effect on inertial mass of the body.

(iii) 1t is proportional to the quantity of matter contained in the
body.

(iv) Tt is independent of size, shape and state of body.

(v) 1t does not depend on the temperature of body.

(vi) 1t is conserved when two bodies combine physically or
chemically.

(vii) When a body moves with velocity V, its inertial mass is given

by

m
m= O, where m = rest mass of body, ¢ = velocity of light
V2

C2

1-

in vacuum,
(2) Gravitational Mass : It is the mass of the material of body, which
determines the gravitational pull acting upon it.
If M is the mass of the earth and R is the radius, then gravitational
pull on a body of mass M, is given by
GMm, F E

o

m =— =
RZ 9T GMRZ 1

Here Mg is the gravitational mass of the body, if 1 =1 then
my=F

Thus the gravitational mass of a body is defined as the gravitational
pull experienced by the body in a gravitational field of unit intensity,
3) Comparison between inertial and gravitational mass
i) Both are measured in the same units.

ii) Both are scalar.

—~ o~ o~~~

iii) Both do not depend on the shape and state of the body

(iv) Inertial mass is measured by applying Newton’s second law of
motion where as gravitational mass is measured by applying Newton’s law
of gravitation.

(v) Spring balance measure gravitational mass and inertial balance
measure inertial mass.

(4) Comparison between mass and weight of the body

Mass (m) Weight (W)

It is the attractive force exerted

It is a quantity of matter

contained in a body. by earth on any body.

Its value does not change with g | Its value changes with g.

Its value can never be zero for | At infinity and at the centre of

any material particle. earth its value is zero.

Its unit is kilogram and its | lts unit is Newton or Ag-wt and



dimension is [M].

dimension are [ MLT 3 ]

It is determined by a physical | It is determined by a spring

balance. balance.

It is a scalar quantity. It is a vector quantity.

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

Gravitational field intensity : The intensity of the gravitational field
of a material body at any point in its field is defined as the force
experienced by a unit mass (test mass) placed at that point, provided the
unit mass (test mass) itself does not produce any change in the field of the

body.
So if a test mass M at a point in a gravitational field experiences a
force F then
- F
| =—
m

(i) 1t is a vector quantity and is always directed towards the centre
of gravity of body whose gravitational field is considered.

(ii) Units : Newton/kg or m/s
(iii) Dimension : [MLT]

(iv) If the field is produced by a point mass M and the test mass
M is at a distance I' from it then by Newton’s law of gravitation

GMm
F = ———, then intensity of gravitational field
r
Test mass

F_GMm/r?

|l=—=—--+ — r m
m m
= GM

- r2 Source point

Fig. 8.9
(v) As the distance (F) of test mass from the point mass (M),

increases, intensity of gravitational field decreases

GM
I = —5
r
1
| oc -
r
Fig. 8.10
vi) Intensity of gravitational field | =0, when r=o0.
yorg

(vii) Intensity at a given point (P) due to the combined effect of
different point masses can be calculated by vector sum of different
intensities

—_ 5 - —

bt =+ + 15+

(viii) Point of zero intensity : If two bodies A and B of different

masses M; and M, are d distance apart.

Let P be the point of zero intensity ie, the intensity at this point

is equal and opposite due to two bodies A and B and if any test mass
placed at this point it will not experience any force.

d

A P B
X —>ee— d-x

>

m, ) 1, m,

Fig. 811
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-7 -Gm Gm
Forpoint , |, +1,=0 = 1, =2 _p

x2  (d-x)?
Jmy Jm, d
X=———— and [ —X)=—————
Jmg +Jm,

By solving \/m_ " ‘[/jm_
1 2

(ix) Gravitational field line is a line, straight or curved such that a
unit mass placed in the field of another mass would always move along this
line. Field lines for an isolated mass M are radially inwards.

GM
and aqug.kﬁ? s l=g

(x) As |:G|vI

Thus the intensity of gravitational field at a point in the field is
equal to acceleration of test mass placed at that point.

Gravitational Field Intensity for Different Bodies

(1) Intensity due to uniform solid sphere

.

Fig—8:i5
On the surface

Outside the surface Inside the surface

r>R r=R r<R
|_GM |_GM | _ GMr
rZ RZ R3

(2) Intensity due to spherical shell

o] r=R
Fig. 814
Outside the surface On the surface Inside the surface
r>R r=R r<R
GM GM /=0
l=— l=—%
r R

(3) Intensity due to uniform circular ring

Fig. 815
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At a point on its axis

_ GMr I=0
- (az _H.2)3/2

At the centre of the ring

(4) Intensity due to uniform disc

a

P 91 _l

—r—

At a point on its axis  Fig- 86 At the centre of the disc
/=
[_26Mr[1_ 1 °
a® |1 Jr2ia?
or I = ZSZM (1 —coséd)

Gravitational Potential

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

w F.dr

Ve=oot - (220

—_[ldr
m m J‘ r

[As E=|]
m
-4V
dr

ie, megative gradient of potential gives intensity of field or
potential is a scalar function of position whose space derivative gives
intensity. Negative sign indicates that the direction of intensity is in the
direction where the potential decreases.

(i) 1t is a scalar quantity because it is defined as work done per unit

mass.
(i) Unit : Joule/kg or m/sec
(iii) Dimension : [MLT]
(iv) 1 the field is produced by a point mass then
GM GM
V:—jldr:—f(——zjdr [As | =———]
r r
GM
V=——+cC [Here c = constant of integration]
r
Assuming reference point at o0 and potential to be zero there we
get

0:—G—M+c:>c=0
[e0]

GM

Gravitational potential V = ———
r
(v) Gravitational potential difference : It is defined as the work done
to move a unit mass from one point to the other in the gravitational field.
The gravitational potential difference in bringing unit test mass m from
point A to point Bunder the gravitational influence of source mass M is

V, Vs
A B
le&— r, —>|
| g )

Fig. 817

AV =V, -V, _Wase __gu [i—i]
m I'g 9N

(vi) Potential due to large numbers of particle is given by scalar
addition of all the potentials.

V=V, +V,+V; +.....

Gravitational Potential for Different Bodies

(1) Potential due to uniform ring

7T

Fig. 819

At a point on its axis At the centre

v el

va? +r? a

O > T

- GM/R

Fig. 8.20
On the surface

Outside the surface Inside the surface

r>R r=R r<R
v:_GNI V:_G_'VI V:_G_'VI
r R R

(3) Potential due to uniform solid sphere




Outside the On the surface Inside the surface
surface FoR r<R
r>R
-GM -GM 2
V= - Vsurface:T V:ﬂ 33— i
2R R

at the centre (r=0)

-3 GM
centre — 7?
(max.)
3
V.= Evsuﬁace

Gravitational Potential Energy

The gravitational potential energy of a body at a point is defined as
the amount of work done in bringing the body from infinity to that point
against the gravitational force.

r

W=IrGN:m dX=—GMm[£} _@
o X X © r

GMm
W =- Fig. 8.22
r
This work done is stored inside the body as its gravitational potential
energy
GMm
~U=-
r

(i) Potential energy is a scalar quantity.

(i) Unit : Joule

(iii) Dimension : [MLT]

(iv) Gravitational potential energy is always negative in the
gravitational field because the force is always attractive in nature.

(v) As the distance I' increases, the gravitational potential energy
becomes less negative i.e., it increases.

(vi) If T =00 then it becomes zero (maximum)
(vii) In case of discrete distribution of masses

Gravitational potential energy
Gmm, Gm,m
U:Zui :_|:#+A+
M1 T23
(viii) If the body of mass M is moved from a point at a distance I

to a point at distance I,(f; >T1,) then change in potential energy

AU:jrzw—mdx:—GMm 1.1
nox? r, n
or AU —GMm{i—i}

non

As I, is greater than I, , the change in potential energy of the body

will be negative. It means that if a body is brought closer to earth it's
potential energy decreases.
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(ix) Relation between gravitational potential energy and potential

U __GMm :m[—GM}

r r

. U=mV

(x) Gravitational potential energy at the centre of earth relative to

infinity.

U =mV

centre

centre

[ SGMJ 3 GMm
—-m __3

"2 R 2 R

(xi) Gravitational potential energy of a body at height /4 from the
earth surface is given by

_GMm _ gR’m _ mgR

R+h R+h .0
R

h =

Work Done Against Gravity

If the body of mass M is moved from the surface of earth to a

point at distance h above the surface of earth, then change in potential
energy or work done against gravity will be

W:AU:GMmF_i}

n n
1 1

= W=GMm = - [As ;=R and I, =R +h]
R R+h

- W= GMmh _ mgh (As GM

—=9]
R2(1+£] 1+ 0 R
R R

(i) When the distance h is not negligible and is comparable to radius
of the earth, then we will use above formula.

(i) If h=NR then W = ng(L]
n+1

(i) If h=R then W = %ng

(iv) If h is very small as compared to radius of the earth then term

h/R can be neglected

Froszm—gh—mgh |:AS%—)0}

1+h/R

Escape Velocity

The minimum velocity with which a body must be projected up so
as to enable it to just overcome the gravitational pull, is known as escape
velocity.

The work done to displace a body from the surface of earth (r= R)
to infinity (I =0) is

«GMm 1 1
o R

W = R_de = —GMm
X

~ GMm

R

=W
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This work required to project the body so as to escape the
gravitational pull is performed on the body by providing an equal amount
of kinetic energy to it at the surface of the earth.

If Vv, is the required escape velocity, then kinetic energy which

should be given to the body is %mvf

1 , GMm 2GM
.=myy = =V, = /_
2 R R

= v, =,2gR [As GM = gR?Js

or V, = ZX%HIDGRXR =V, :R‘%ﬂGp

[As g =%zszR1

(i) Escape velocity is independent of the mass and direction of
projection of the body.

(i) Escape velocity depends on the reference body. Greater the value

of (M/R) or (gR) for a planet, greater will be escape velocity.

(iii) For the earth as g =9.8m/s? and R = 6400km

SV =V2x9.8x6.4x10° =11.2km /sec

(iv) A planet will have atmosphere if the velocity of molecule in its

3RT
atmosphere |:V,.ms = T:| is lesser than escape velocity. This is why

earth has atmosphere (as at earth Vi <V,) while moon has no
atmosphere (as at moon V >V, )

(v) If a body projected with velocity lesser than escape velocity
(Vv <Vy), it will reach a certain maximum height and then may either move
in an orbit around the planet or may fall down back to the planet.

(vi) Maximum height attained by body : Let a projection velocity of
body (mass M ) is V, so that it attains a maximum height h. At maximum

height, the velocity of particle is zero, so kinetic energy is zero.

By the law of conservation of energy

Total energy at surface = Total energy at height h.

GMm 1 ., GMm
- +=mvi=————+0
2 R+h
v2 1 1 GMh
= —=G —— =
2 R R+h R(R +h)
2GM R+h R
> = =1+—
V°R h h
2
— he R _ R -R Y
(ZGM _1J % vZ-v?
vZR v
2GM 2GM 2
[AS Ve= T .. T:Ve]

(vii) If a body is projected with velocity greater than escape velocity
(v >V,) then by conservation of energy.

Total energy at surface = Total energy at infinite

1py2  GMm _1 m(v')? +0
2 R
ie, (V)2 =v2 — ZGRM = vi=v? -2 [As ZGRM =v2]

V= V2 Vg
i.e, the body will move in interplanetary or inter stellar space with

velocity V2 —VvZ2 .

(viii) Energy to be given to a stationary object on the surface of earth so
that its total energy becomes zero, is called escape energy.

Total energy at the surface of the earth = KE + PE=0 — %
. GMm
.. Escape energy = R

(ix) If the escape velocity of a body is equal to the velocity of light
then from such bodies nothing can escape, not even light. Such bodies are

called black holes.

The radius of a black hole is given as

o 20
[As C = ZGTM , where C is the velocity of light]

Kepler’s Laws of Planetary Motion

Planets are large natural bodies rotating around a star in definite
orbits. The planetary system of the star sun called solar system consists of
nine p]anets, viz., Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus,
Neptune and Pluto. Out of these planets Mercury is the smallest and closest
to the sun and so hottest. Jupiter is largest and has maximum moons (12).
Venus is closest to Earth and brightest. Kepler after a life time study, work
out three empirical laws which govern the motion of these planets and are
known as Kepler’s laws of planetary motion. These are,

(1) The law of Orbits : Every planet moves around the sun in an
elliptical orbit with sun at one of the foci.

(2) The law of Area : The line joining the sun to the planet sweeps
out equal areas in equal interval of time. ie areal velocity is constant.
According to this law planet will move slowly when it is farthest from sun
and more rapidly when it is nearest to sun. It is similar to law of
conservation of angular momentum.

dA 1 r(dt) 1 v

Areal velocity = —

dt 2 dt 2
dA L

dt 2m .ﬂ v dt
L

[As L=mvr; rv=—]
m Fig. 8.23

(3) The law of periods : The square of period of revolution (T) of

any planet around sun is directly proportional to the cube of the semi-major
axis of the orbit.

3
TZ OCa3 or T2 oC M
2
Proof : From the figure AB = AF + FB
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Perigee Apogee
Sun ’/‘;(_— [F——
= a

D
where a = semi-major axFig. 8.24

2a=n+r, ..a

I, = Shortest distance of planet from sun (perigee).

I, = Largest distance of planet from sun (apogee).

Important data

Planet Semi-major Period Tla
axis T(year) (10~ year/meter)
a (10- meter)

Mercury 5.79 0.241 2.99
Venus 10.8 0.615 3.00
Earth 15.0 1.00 2.96
Mars 22.8 1.88 2.98
Jupiter 77.8 n.9 3.01
Saturn 143 29.5 2.98
Uranus 287 84.0 2.98

Neptune 450 165 2.99
Pluto 590 248 2.99

ote .n Kepler's laws are valid for satellites also.

Solar System

Velocity of a Planet in Terms of Eccentricity

Applying the law of conservation of angular momentum at perigee
and apogee

mv,r, = mv,r,

\ r a+c 1+e
— P _"a —
Vo, I

a-c 1l-e

[As I, =a—C, I, =a+C and eccentricity & =

]

oo

Applying the conservation of mechanical energy at perigee and

apogee
1 2 GMm 1 2 GMm
=mv,” - ==mv,” -
2 fy 2 r,
= v,’ -v,” =2GM 1
h h
2 2
r,—r, r,—r V.I
:vaz%=ZGM - [As v, =22 ]
r (A r

2 2GM [T, 2 2GM(a—c) GM(l—ej
=V, = A =22 =
L+l | hL a \a+c a \l+e
Thus the speeds of planet at apogee and perigee are
loMm (1—e]
Vo= |—|—1,
a \l+e
/GM (1+e]
Vp= _—
a \1l-e

|N ote: O The gravitational force is a central force so torque

on planet relative to sun is always zero, hence angular momentum of a
planet or satellite is always constant irrespective of shape of orbit.

Mars Jupiter Saturn Uranus Neptune Pluto

228 778 1430 2870 4500 5900
Period of revolution, year Fig. 8.29.241 0.615 1.00 1.88 1.9 29.5 84.0 165 248
Orbital speed, km/s 47.9 35.0 29.8 24.1 13.1 9.64 6.81 5.43 4.74
Equatiorial diameter, km 4880 12100 12800 6790 143000 120000 51800 49500 2300
Mass (Earth =1) 0.0558 0.815 1.000 0.107 318 95.1 14.5 17.2 0.002
Density (Water =1) 5.60 5.20 5.52 3.95 1.31 0.704 1.21 1.67 2.03
Surface value of g, m/s 3.78 8.60 9.78 3.72 22.9 9.05 777 1.0 0.5
Escape velocity, km/s 4.3 10.3 n.2 5.0 59.5 35.6 21.2 23.6 11
Known satellites 0 0 1 2 16+Ting 18+tings 17+1ings 8+rings 1
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Orbital Velocity of Satellite

Satellites are natural or artificial bodies describing orbit around a

planet under its gravitational attraction. Moon is a natural satellite while
INSAT-1B is an artificial satellite of earth. Condition for establishment of
artificial satellite is that the
centre of orbit of satellite must

Satellite

coincide with centre of earth or \

satellite must move around
great circle of earth.
Orbital

satellite is the velocity required

velocity of a

to put the satellite into its orbit
around the earth.

For revolution of
satellite around the earth, the
gravitational pull provides the
required centripetal force.

Fig. 8.26

mv?  GMm
- = 2

r

r
fGM
= V=, [|—
r
2
v:wf 9R :RW’ g
R+h R+h

[As GM =gR? and r=R+h]

(i) Orbital velocity is independent of the mass of the orbiting body
and is always along the tangent of the orbit ie, satellites of diferent masses
have same orbital velocity, if they are in the same orbit.

(ii) Orbital velocity depends on the mass of central body and radius
of orbit.

(iii) For a given planet, greater the radius of orbit, lesser will be the

orbital velocity of the satellite |V oc l/\/?)

(iv) Orbital velocity of the satellite when it revolves very close to the
surface of the planet

[GM  [GM GM
V=, — = Sov= J— =40R
r R+h R g

[As h=0 and GM =gR2]

For the earth V =v/9.8 x6.4 x10° =7.9km/s ~8km /sec

} GM
(v) Close to the surface of planet Vv = =R

v
V=—tje, V =

\/E escape 2 Vor‘oital

It means that if the speed of a satellite orbiting close to the earth is

made \/E times (or increased by 41%) then it will escape from the
gravitational field.

(vi) If the gravitational force of attraction of the sun on the planet

1
varies as F oc - then the orbital velocity varies as V oc
n-1
r

Time Period of Satellite

It is the time taken by satellite to go once around the earth.

To Circumtfere nce of the orbit

B orbital velocity
\/W
[As V= |—]
v GM r
r r
= T=2r|— =27 |— [As GM =gR?]
GM gR
3 3/2
= T=2x /M —Zﬂ\/E(brﬂj [As r=R+h]
gR g R

3
r
(@) From T = ZEW,W , it is clear that time period is independent

of the mass of orbiting body and depends on the mass of central body and
radius of the orbit

:T:Z—M:Zﬂr -

r3
(i) T =27 |——
GM
2
N N s
M

This is in accordance with Keplers third law of planetary motion I
becomes a (semi major axis) if the orbit is elliptic.

(iii) Time period of nearby satellite,

3 3
From T:27rr—:2ﬂ' R—2=27Z'5
Vo™ gR g
[

As h=0 and GM =gR2}
For earth R =6400km and g =9.8m/s?
T =84.6minute ~1.4 hr

iv) Time period of nearby satellite in terms of density of planet can
P Yy y ot p
be given as

3 3 3)/2
T2zl —ox R_:ﬂ%: 3z
\GMm \GMm 4, Gp
G.gﬂRp

(v) If the gravitational force of attraction of the sun on the planet
n+l

1 -
varies as F oc — then the time period varies as Tor ?

(vi) If there is a satellite in the equatorial plane rotating in the
direction of earth’s rotation from west to east, then for an observer, on the

earth, angular velocity of satellite will be (w5 —@g). The time interval
between the two consecutive appearances overhead will be

7o _ Ll {AST:Z—E}
o, —og Tg-T; 1)

If g =wg, T =0 ie satellite will appear stationary relative to

earth. Such satellites are called geostationary satellites.



Height of Satellite

As we know, time period of satellite
3 3
T :271'\/—r =2r —(R+2)
GM gR
RZT 2
By squaring and rearranging both sides AL (R + h)3

47?

Py 2 1/3
- h[Tf_RJ R
T

By knowing the value of time period we can calculate the height of
satellite from the surface of the earth.

Geostationary Satellite

The satellite which appears stationary relative to earth is called
geostationary or geosynchronous satellite, communication satellite.

A geostationary satellite always stays over the same place above the
earth such a satellite is never at rest. Such a satellite appears stationary due
to its zero relative velocity w.r.t. that place on earth.

The orbit of a geostationary satellite is known as the parking orbit.

(i) 1t should revolve in an orbit concentric and coplanar with the
equatorial plane.

(ii) Tts sense of rotation should be same as that of earth about its
own axis ie, in anti-clockwise direction (from west to east).

(iii) 1ts period of revolution around the earth should be same as
that of earth about its own axis.

. T=24hr=86400 sec

(iv) Height of geostationary satellite

3 3
As T:27r1/r— - 277.'Jm224h|'
GM GM

Substituting  the
R+h=r=42000km =7R

value of G and M we  get

height of geostationary satellite from the surface of earh
h=6R =36000km

(v) Orbital velocity of geo stationary satellite can be calculated by

GM
v:‘/—
r

Substituting  the
v =3.08 km /sec

value of G and M  we get

Angular Momentum of Satellite

Angular momentum of satellite L =mvr

GM GM
= L=m|>—r [Asv=, "]
r r

L =vm2GMr

ie, Angular momentum of satellite depends on both the mass of

orbiting and central body as well as the radius of orbit.
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(i) In case of satellite motion, force is central so torque = 0 and

hence angular momentum of satellite is conserved 7e, L = constant

(ii) In case of satellite

dA _1 (edt) 1
dt 2 dt 2

dA L
= —=— [As L=mvr ]
dt 2m

But as L = constant, .. areal velocity (dA/df) = constant which is

Kepler's 11 law

i.e, Kepler’s 11 law or constancy of areal velocity is a consequence of
conservation of angular momentum.

Energy of Satellite

When a satellite revolves around a planet in its orbit, it possesses both
potential energy (due to its position against gravitational pull of earth) and
kinetic energy (due to orbital motion).

_ 12
(1) Potential energy : U =mV = m = LZ
mr
[As v="CM . :szMr}
r

2
(2) Kinetic energy : K zlmVZ _ GMm _ L
2 2r  2mr

-

~GMm  GMm _ —GMm _ ~L?
2r 2r 2mr?

2

(3) Total energy :

E=U+K=

(i) Kinetic energy, potential energy or total energy of a satellite
depends on the mass of the satellite and the central body and also on the
radius of the orbit.

(ii) From the above expressions we can say that
Kinetic energy (K) = — (Total energy)

Potential energy (1) = 2 (Total energy)
Potential energy (K) = — 2 (Kinetic energy)

(iii) Energy graph for a satellite

(iv) Energy distribution in elliptical orbit

T Satellite

r

'
'
'
'
— a Apogee

K Perigee Focus
E;, K.E. = max ' — KE =min
g0 PE =min ! yo Semimajor b max
£ . : : axis :
r : i :
u : ' :
1 d

QY Fig. 8.28
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(v) 1If the orbit of a satellite is elliptic then

-GMm

(a) Total energy (E)=
2a

= constant ; where ais semi-major
axis .

(b) Kinetic energy (K) will be maximum when the satellite is

closest to the central body (at perigee) and minimum when it is farthest
from the central body (at apogee)

(c) Potential energy (U) will be minimum when kinetic energy =
maximum i.e., the satellite is closest to the central body (at perigee) and
maximum when kinetic energy = minimum i.e,, the satellite is farthest from
the central body (at apogee).

(vi) Binding Energy : Total energy of a satellite in its orbit is negative.
Negative energy means that the satellite is bound to the central body by an
attractive force and energy must be supplied to remove it from the orbit to
infinity. The energy required to remove the satellite from its orbit to infinity is
called Binding Energy of the system, ie,

~ GMm
2r

Change in the Orbit of Satellite

Binding Energy (BE) =-E

When the satellite is transferred to a higher orbit (f, >1;) then

variation in different quantities can be shown by the following table

Quantities Variation Relation with r
Orbital velocity Decreases

Vo —

¥

Time period Increases Tocrd/2
Linear momentum Decreases 1

Poec—

I

Angular momentum Increases L o ‘/F
Kinetic energy Decreases 1
Ko =
r

Potential energy Increases 1

Uox-—=

r

Total energy Increases 1
Eoc-—=

r

Binding energy Decreases 1
BE o« —

r

Work done in changing the orbit

|ZYO te:Q

W=E,-E

W = _GMm | [ GMm
2r, 2n

Weightlessness

The weight of a body is the force with which it is attracted towards
the centre of earth. When a body is stationary with respect to the earth, its
weight equals the gravity. This weight of the body is known as its static or
true weight.

We become conscious of our weight, only when our weight (which is
gravity) is opposed by some other object. Actually, the secret of measuring
the weight of a body with a weighing machine lies in the fact that as we
place the body on the machine, the weighing machine opposes the weight of
the body. The reaction of the weighing machine to the body gives the
measure of the weight of the body.

The state of weightlessness can be observed in the following
situations.

(1) When objects fall freely under gravity : For example, a lift falling
freely, or an airship showing a feat in which it falls freely for a few seconds
during its flight, are in state of weightlessness.

(2) When a satellite revolves in its orbit around the earth
Weightlessness poses many serious problems to the astronauts. 1t becomes
quite difficult for them to control their movements. Everything in the
satellite has to be kept tied down. Creation of artificial gravity is the answer
to this problem.

(3) When bodies are at null points in outer space : On a body
projected up, the pull of the earth goes on decreasing, but at the same time
the gravitational pull of the moon on the body goes on increasing. At one
particular position, the two gravitational pulls may be equal and opposite
and the net pull on the body becomes zero. This is zero gravity region or
the null point and the body in question is said to appear weightless.

Weightlessness in a Satellite

A satellite, which does not produce its own gravity moves around
the earth in a circular orbit under the action of gravity. The acceleration of

towards the centre of earth.

satellite is >
r

If a body of mass m placed on a surface inside a satellite moving
around the earth. Then force on the body are

Satellite
N\ ' @
) (m)
GMm
2 v
r
Fig. 830 GMm
(i) The gravitational pull ofearth = >

r

(ii) The reaction by the surface =R

GmM
By Newton’s law -R=ma
r
GmM GM
7 ~R=M|—%
r r
*“R=0



Thus the surface does not exert any force on the body and hence its
apparent weight is zero.

A body needs no support to stay at rest in the satellite and hence all
position are equally comfortable. Such a state is called weightlessness.

(i) One will find it difficult to control his movement, without weight
he will tend to float freely. To get from one spot to the other he will have
to push himself away from the walls or some other fixed objects.

(ii) As everything is in free fall, so objects are at rest relative to each
other, ie, if a table is withdrawn from below an object, the object will
remain where it was without any support.

(iii) If a glass of water is tilted and glass is pulled out, the liquid in
the shape of container will float and will not flow because of surface
tension.

(iv) 1f one tries to strike a match, the head will light but the stick
will not burn. This is because in this situation convection currents will not
be set up which supply oxygen for combustion

(v) If one tries to perform simple pendulum experiment, the
pendulum will not oscillate. It is because there will not be any restoring

torque and so T =27,/(L/ Q") =o. [As g'=0]

(vi) Condition of weightlessness can be experienced only when the
mass of satellite is negligible so that it does not produce its own gravity.

e.g. Moon is a satellite of earth but due to its own weight it applies
gravitational force of attraction on the body placed on its surface and hence
weight of the body will not be equal to zero at the surface of the moon.

T

&5  The reference frame attached to the earth is non-inertial, because

Tips & Tricks

the earth revolves about its own axis as well as about the sun.
&5 Gravity holds the atmosphere around to the earth.

&5 If the earth were at one fourth the present distance from the sun,
the duration of the year will be one eighth of the present year.

&5 1f a packet is just released from an artificial satellite, it does not fall
to the earth. On the other hand it will continue orbiting along with the

satellite.

&5 Astronauts orbiting around the earth cannot use a pendulum clock.

however, they can use spring clock

&5 To the astronauts in space, the sky appears black due to the

absence of atmosphere above them.

&5 The gravitational force is much smaller than the electrical force

because the value of G is very very small.

&5 The dimensional formula of gravitational field is same as that of

acceleration due to gravity.

&5 A body in gravitational field has maximum binding energy when it

is at rest.

&5  The moon is the natural satellite of the earth, but a man does not
feel weightlessness on the surface of the moon. This is because, the mass
of the moon is very large and it exerts a gravitational force on the man.
On the other hand, the mass of the artificial satellite is very small and it

exerts negligible or no gravitational force on the astronaut, so astronaut

[
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feels weightlessness in the artificial satellite but not on the moon.

&5 The planets are heavenly bodies revolving around the sun. The sun

and the nine planets, revolving around it, constitute the solar system.

&5 All other planets except mercury and pluto revolve around the sun

in almost circular orbits.

£S5 If the radius of planet decreases by x% keeping the mass constant.

The acceleration due to gravity on its surface increases by 2x%.

£S5 If the mass of a planet increases by x% keeping radius constant, the

acceleration due to gravity on its surface increases by x%.

&5 If the density of the planet decreases by x%, keeping the radius

constant, the acceleration due to gravity decreases by x%.

&5 If the radius of the planet decreases by x%, keeping the density

constant, the acceleration due to gravity decreases by x%.

&5 For the planets orbiting around the sun, angular speed, linear
speed, kinetic energy etc. change with time but angular momentum
remains constant.

£&5  The ratio of inertial mass to gravitational mass is 1.

&5 Inertial mass m becomes infinite if the body moves with velocity of
light.

&5 Intensity of gravitational field inside a shell is zero.

&5 If two spheres of same material, mass and radius are put in contact,
the gravitational attraction between them is directly proportional to the
fourth power of their radius.

&5 (a) There is no atmosphere on the moon because escape velocity on

the moon is less than the rms velocity of the gas molecules.

(b) Two satellites are orbiting in circular orbits of radii r and r. Their

orbital speeds are in the ratio : V; [V, = (I, / rl)l’z . It is independent to

their masses

&5 Planets describe equal area around the sun in equal intervals of

time.

&5 If the gravitational attraction of the sun on the planets varies as nth
power of distance (of the planet from the sun), then year of the planet
will be proportional to R-.

&5 An object will experience weightlessness at equator, if the angular

speed of the earth about its axis becomes more than (1/800) rad s.

&5 Orbital velocity very near the surface of the earth is about 7.92

kms.
&5 Greater the height of the satellite, smaller is the orbital velocity.
&5 Orbital velocity independent of the mass of the satellite.

&5 Orbital velocity is depends on the mass of the planet as well as
radius of the orbit.

&5 If the altitude of the satellite is 7 times the radius of the earth, then

the orbital velocity will be (I/V1+N) times the orbital velocity near the

surface of the earth.
&5 If the radius of the orbit of a sattelite is n times the radius of the

earth, then its orbital velocity will be (ﬂ\/ﬁ) the orbital velocity near

the surface of the earth.

£S5 The centripetal acceleration of the satellite is equal to the
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acceleration due to gravity.
&5 The gravitational potential energy of a satellite of mass mis

Up =—GMm/r, where ris the radius of the orbit of satellite.

&5 Kinetic energy of the satellite

_ GMm
2r

&5 Total energy of the satellite

_GMm GMm _ GMm
2r r 2r

E=U+K

& When velocity of the satellite increases, its kinetic energy increases
and hence total energy becomes less negative. That is the satellite begins
to revolve in orbit of greater radius.

&5 If the total energy of the satellite becomes +ve, the satellite escapes
from the gravitational pull of the earth.

&5 When the satellite is taken to greater height the potential energy
increases (becomes less negative) and kinetic energy decreases.

&5 For the orbiting satellite, the kinetic energy is less than potential
energy. When KE = PE, the satellite escapes away from the gravitation
pull of the earth.

& No energy is dissipated in keeping the satellite in orbit around a
planet

& Time period of the satellite very near the surface of the earth is
about 84.6 minutes or 1.4 Ar.

& Geo-stationary satellite is a satellite which appear stationary to the
observers on the earth. 1t is also called geosynchronous satellite.

&5  The orbit of a geostationery satellite is known as the parking orbit.

& To throw an ant or an elephant out of the gravitational field, the

required velocity of projection is same !

&5 Escape velocity depends on the mass and size of the planet. That is
why escape velocity on the planet Jupiter is more than on the earth and

escape velocity on the Moon is less than that on the earth.

&5 1f a body is orbiting around the earth, then it will escape away,

when its velocity is increased by 41.8%.

&5 1f the radius of earth is doubled keeping the density unchanged the
escape velocity will be doubled.

&5 Escape velocity = \/E x orbital velocity.

&5 1f the body is at a height A above the surface of the earth, then

escape velocity is given by

Ves = ZQ(R + h)

&5 1t is the least velocity required by a body to escape away from the
gravitational pull of the earth.

&5 Escape  velocity from the surface of the earth

=/2gR =11.20kms

&5 Body does not return to the earth when fired with escape velocity,

irrespective of the angle of projection

&5 The escape velocity from the moon is 2.4 kms.

&5 When a projectile is fired with velocity less than the escape velocity,
the sum of its gravitational potential and kinetic energy is negative.

&5 If ratio of the radii of two planets is r and the ratio of the

acceleration due to gravity on the their surface is a, then ratio of escape
velocities is var .
&5 If the radius of the earth is doubled keeping the mass unchanged,

the escape velocity will becomes (1/ \/E ) times the present value

£5 If a body falls freely from infinite height, then it reaches the surface
of the earth with velocity 1.2 km/s

&5 When a body falls from a height /4 to the surface of the earth, its
velocity on reaching the surface of the earth is given by

o]

When A << R we find : V :,¢Zgh

&5 The tail of the comets points away from the sun due to the
radiation pressure the sun.
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T Ordinary Thinking

Objective Questions

Newton’s Law of Gravitation
The tidal waves in the sea are primarily due to
(@) The gravitational effect of the moon on the earth
(b) The gravitational effect of the sun on the earth
(c) The gravitational effect of venus on the earth
(d) The atmospheric effect of the earth itself

If there were a smaller gravitational effect, which of the following
forces do you think would alter in some respect

[NCERT 1978]
(@) Viscous forces (b) Archimedes uplift
(c) Electrostatic force (d) None of the above

A satellite of the earth is revolving in a circular orbit with a
uniform speed v. If the gravitational force suddenly disappears, the
satellite will [ANIMS 1982; AIEEE 2002]

(@) Continue to move with velocity v along the original orbit
(b) Move with a velocity v, tangentially to the original orbit
(c) Fall down with increasing velocity

(d) Ultimately come to rest somewhere on the original orbit

The atmosphere is held to the earth by [T 1986]
(@) Winds (b) Gravity
(¢) Clouds (d) None of the above

The weight of a body at the centre of the earth is

[AFMC 1988]
(@) Zero
(b) 1Infinite
(c) Same as on the surface of earth
(d) None of the above

If the distance between two masses is doubled, the gravitational
attraction between them

[CPMT 1973; AMU (Med.) 2000]
(@) s doubled (b) Becomes four times
(c) Is reduced to half (d) 1s reduced to a quarter

Which of the following is the evidence to show that there must be a
force acting on earth and directed towards the sun

[ATIMS 1980]
) Deviation of the falling bodies towards east

b

Revolution of the earth round the sun

=

(a
(

(c) Phenomenon of day and night

(d) Apparent motion of sun round the earth

The gravitational force between two stones of mass 1 kg each
separated by a distance of 1 metre in vacuum is

[DPMT 1984]
(@) Zero (b) 6.675x10°° newton

() 6.675x10 ™ newton  (d) 6.675x107° newton

Two particles of equal mass go round a circle of radius R under the
action of their mutual gravitational attraction. The speed of each
particle is [CBSE PMT 1995; RPMT 2003]

1 1
(@ v=—s

o) v=om
2R VGm 2R
1 /Gm 4Gm
v== = d) v=[—0
() >\ R (d) \ R
The earth (mass =6x10%Kg)) revolves round the sun with
angular velocity 2x107' rad/s in a circular orbit of radius

1.5x108 km . The force exerted by the sun on the earth in

newtons, is [CBSE PMT 1995; AFMC 1999; Pb. PMT 2003]
(@) 18x10% (b) Zero
() 27x10% (d) 36x10*

Gravitational mass is proportional to gravitational
[ATIMS 1998]

(@) Field (b) Force
(c) Intensity (d) All of these
The gravitational force between two point masses M; and M, at
m;m
separation ris given by F =k %
r
The constant & [CPMT 1993]

(a) Depends on system of units only

(b) Depends on medium between masses only
(c) Depends on both (a) and (b)

(d) 1s independent of both (a) and (b)

The distance of the centres of moon and earth is D. The mass of
earth is 81 times the mass of the moon. At what distance from the
centre of the earth, the gravitational force will be zero

D 2D
= b 2=
(@) > (b) 3
4D 9D
it 4y 2=
() 3 (d) 10
Who among the following gave first the experimental value of G
(@) Cavendish (b) Copernicus
(c) Brook Teylor (d) None of these

The mass of the moon is 7.34x10% kg and the radius is

1.74 x10° m . The value of gravitation force will be

[AMU 1999]
(a) 145 NMkg (b) 155 Nkg
() 175 Nlkg (d) 1.62 Nkg
The centripetal force acting on a satellite orbiting round the earth

and the gravitational force of earth acting on the satellite both equal
F. The net force on the satellite is

[AMU 1999]
(@) Zero (b) F
© FV2 d 2F
Reason of weightlessness in a satellite is [RPMT 2000]

(@) Zero gravity
(b) Centre of mass

(c) Zero reaction force by satellite surface



20.

21.

22,

23.

24.

(d) None
Mass M is divided into two parts xM and (1 —X)M . For a given

separation, the value of x for which the gravitational attraction
between the two pieces becomes maximum is

[EAMCET 2001]
1 3
= by =
@) > (b) z

(€) 1
The force of gravitation is [AIMS 2002]
(@) Repulsive (b) Electrostatic

(c) Conservative (d) Non-conservative

The gravitational force F; between two objects does not depend on
[RPET 2003]

(@) Sum of the masses

(b) Product of the masses

(c) Gravitational constant

(d) Distance between the masses

Two sphere of mass 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 [CBSE PMT 2003]

F

@ F (b) 3
F

() — (d) 3F

9
Earth binds the atmosphere because of [J&K CET 2005]
(@) Gravity
(b) Oxygen between earth and atmosphere
(¢) Both (a) and (b)
(d) None of these

Which of the following statements about the gravitational constant

is true [Kerala PET 2005]
a) ltis a force

b) 1t has no unit

(
(
(e
(
(

~

It has same value in all systems of units
d

e) 1t does not depend on the nature of the medium in which the

=

It depends on the value of the masses

bodies are kept.

Two identical solid copper spheres of radius R placed in contact
with each other. The gravitational attracton between them is

proportional to [Kerala PET 2005]

@ R b) R-
© R d R

Acceleration Due to Gravity

Weightlessness experienced while orbiting the earth in space-ship, is
the result of [NCERT 1978; DPMT 1982]

(b) Acceleration
(d) Free fall towards earth

(@) Inertia
(c) Zero gravity
If the change in the value of ‘g’ at a height / above the surface of

the earth is the same as at a depth x below it, then (both x and A
being much smaller than the radius of the earth)

(@ x=h (b) x=2h

—
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X = h?

(@ x=2 (@

The time period of a simple pendulum on a freely moving artificial
[CPMT 1984; AFMC 2002]

(b) 2 sec
(d) Infinite

satellite is
(@) Zero
(c) 3sec
Two planets have the same average density but their radii are R;
and R,. If acceleration due to gravity on these planets be ¢; and

g, respectively, then [AIMS 1985]

G _R G _Re
@ —== (b)) —===
9 R, 9 R
o _Rf o _RS
() —=— @ Z=_1
9 R} 9 R;

An iron ball and a wooden ball of the same radius are released from
a height ‘# in vacuum. The time taken by both of them to reach the
ground is

[NCERT 1975; AFMC 1998]
(b) Exactly equal
(d) Zero

The correct answer to above question is based on

(@) Unequal
(c) Roughly equal

[NCERT 1975]

(@) Acceleration due to gravity in vacuum is same irrespective of
size and mass of the body

(b) Acceleration due to gravity in vacuum depends on the mass of

the body
(c) There is no acceleration due to gravity in vacuum

(d) In vacuum there is resistance offered to the motion of the body
and this resistance depends on the mass of the body

When a body is taken from the equator to the poles, its weight

(@) Remains constant

(b) Increases

(c) Decreases

(d) TIncreases at N-pole and decreases at S-pole

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

(@) Tts mass increases (b) 1ts mass decreases

(c) Tts weight increases (d) 1ts weight decreases

A body weighs 700 gm wt on the surface of the earth. How much
1
will it weigh on the surface of a planet whose mass is — and radius

is half that of the earth
[CMC Vellore 1984; AFMC 2000]

(@) 200 gm wt (b) 400 gm wt
() 50 gm wt (d) 300 gm wt
In order to find time, the astronaut orbiting in an earth satellite
should use [DPMT 1982]

(@) A pendulum clock

(b) A watch having main spring to keep it going
(c) Either a pendulum clock or a watch

(d) Neither a pendulum clock nor a watch

A spherical planet far out in space has a mass M, and diameter

D, . A particle of mass m falling freely near the surface of this

[Nmfg%“BﬁﬁPiﬂSEfe an acceleration due to gravity which is equal
to ’ [MP PMT 1987; DPMT 2002]

@) GM,/D? (b) 4mGM, / D}
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(c) 4GM,/D? (d) GmM,/D?
If the earth stops rotating, the value of ‘g’ at the equator will
[CPMT 1986]
(b) Remain same
(d) None of the above

The mass and diameter of a planet have twice the value of the

(@) Increase

(c) Decrease

corresponding parameters of earth. Acceleration due to gravity on
the surface of the planet is
[NCERT 1971; Pb. PMT 2000]

() 9.8m/sec? (b) 4.9m/sec?

(c) 980m /sec? (d) 19.6m/sec?

As we go from the equator to the poles, the value of g
[CPMT 1975; AFMC 1995; AFMC 2004]
a) Remains the same

(
(b
(
(

Decreases

=

c) Increases

d) Decreases upto a latitude of 45°
Force of gravity is least at [CPMT 1992]
(@) The equator

(b) The poles

(c) A point in between equator and any pole

(d) None of these

The radius of the earth is 6400 km and g =10m /sec?. In order

that a body of 5 kg weighs zero at the equator, the angular speed of
the earth is [MP PMT 1985]

(@) 1/80 radian|sec (b) 1/400 radian|/sec
(c¢) 1/800 radian|sec (d) 11600 radian/sec

The value of ‘g at a particular point is 9.8 M /S%. Suppose the

earth suddenly shrinks uniformly to half its present size without
losing any mass. The value of ‘g’ at the same point (assuming that
the distance of the point from the centre of earth does not shrink)
will now be

[NCERT 1984; DPMT 1999]

() 4.9m/sec? (b) 3.1m/sec?

(¢) 9.8m/sec? (d) 19.6m/sec?

If R is the radius of the earth and g the acceleration due to gravity
on the earth's surface, the mean density of the earth is

MH CET (Med.) 1999; CBSE PMT 1995]
(@) 42G/3gR (b) 37R/49G
() 3g/47RG (d)y #RG/12G
The weight of an object in the coal mine, sea level, at the top of the
mountain are W;, W, and W; respectively, then

[EAMCET 1990]
@@ W, <W, >W; (b) W =W, =W,
() W, <W, <W, d) W, >W, >W,

The radii of two planets are respectively R; and R, and their

densities are respectively p; and p,. The ratio of the accelerations

due to gravity at their surfaces is
[MP PET 1994]

@ g9 =21:P2 (b)

: 19, =RR,:
R12 R% 0::0; 1R L O1P;

2L

22.

23.

24.

25.

26.

27.

28.

29.

(€ %9 =Rip, R d) %9 =Rp R,
The mass of the earth is 81 times that of the moon and the radius of

the earth is 3.5 times that of the moon. The ratio of the acceleration
due to gravity at the surface of the moon to that at the surface of

the earth is [MP PMT 1994]
(a) o0i5 (b) o0.04
(c) 1 (d) 6

Spot the wrong statement :
The acceleration due to gravity ‘g’ decreases if
[MP PMT 1994]

(@) We go down from the surface of the earth towards its centre

—~
(=4
=

We go up from the surface of the earth

(c) We go from the equator towards the poles on the surface of
the earth

(d) The rotational velocity of the earth is increased
Which of the following statements is true
[Manipal MEE 1995]

(@) g is less at the earth's surface than at a height above it or a
depth below it

b) gis same at all places on the surface of the earth
c) g has its maximum value at the equator
(d) gis greater at the poles than at the equator

A spring balance is graduated on sea level. If a body is weighed with
this balance at consecutively increasing heights from earth's surface,
the weight indicated by the balance

(@) Will go on increasing continuously
(b) Will go on decreasing continuously

(c)  Will remain same

(d) Will first increase and then decrease

The value of g on the earth's surface is 980 cm /sec?. lts value at
a height of 64 km from the earth's surface is

[MP PMT 1995]
(a) 960.40 cm / sec? (b) 984.90 cm / sec?
(c) 982.45cm /sec? (d) 977.55cm / sec?

(Radius of the earth R = 6400 kilometers)

Choose the correct statement from the following :

[CRMT;g89RsBHILL I8 Kerala JIME 2% ing in a satellite is a situation of

(@) Zero g (b) No gravity
(d) Free fall

If the earth rotates faster than its present speed, the weight of an
[Haryana CEE 1996]

(c) Zero mass

object will
(@) TIncrease at the equator but remain unchanged at the poles
(b) Decrease at the equator but remain unchanged at the poles
() Remain unchanged at the equator but decrease at the poles
(d) Remain unchanged at the equator but increase at the poles
If the earth suddenly shrinks (without changing mass) to half of its
present radius, the acceleration due to gravity will be
[MNR 1998]
@ g2 (b) 4g
(€ g4 d) 2¢
The moon's radius is 1/4 that of the earth and its mass is 1/80 times

that of the earth. If g represents the acceleration due to gravity on
the surface of the earth, that on the surface of the moon is



30.

31

32.

33.

35.

36.

37.

MP PET 2000, 01; RPET 2000; Pb. PET 2001]
@) &4 (b) &5
(c) &6 (d) &8
Ris the radius of the earth and @ is its angular velocity and @, is

the value of g at the poles. The effective value of g at the latitude

A =60° will be equal to [MP PMT 1999]
1., 3. 5
(a) gp—z Ro (b) gp—z Ro
2 1n 2
() g,-Reo (d) gp+ZRa)

The depth d at which the value of acceleration due to gravity

1
becomes — times the value at the surface, is [R = radius of the

n

earth] [MP PMT 1999; Kerala PMT 2005]

R n-1
@ — (b) R (—j

n n

R n

= d R| —
©) n? @ [ n+ lj

At what height over the earth's pole, the free fall acceleration
decreases by one percent (assume the radius of earth to be 6400

km) [KCET 1994]
(@) 32 km (b) 80 km
(¢) 1253 km (d) 64 km

The diameters of two planets are in the ratio 4 : 1 and their mean
densities in the ratio 1 : 2. The acceleration due to gravity on the
planets will be in ratio [1SM Dhanbad 1994]

@ 1:2 (b) 2:3

() 21 d) 4

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

1
(@) ZR (b) R
3 R
(c) ER (d) 0

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

[EAMCET (Med.) 1995]
(b) Becomes half

(d) Becomes zero

(a) Doubles

(c) Remains same
At the surface of a certain planet, acceleration due to gravity is one-
quarter of that on earth. If a brass ball is transported to this planet,
then which one of the following statements is not correct

(@) The mass of the brass ball on this planet is a quarter of its
mass as measured on earth

(b) The weight of the brass ball on this planet is a quarter of the
weight as measured on earth

(c) The brass ball has the same mass on the other planet as on
earth

(d) The brass ball has the same volume on the other planet as on
earth

Weight of 1 kg becomes 1/6 on moon. If radius of moon is

1.768x10% m , then the mass of moon will be [RPET 1997]

(@) 1.99x10% kg (b) 7.56x10% kg

(c) 5.98x10% kg d) 7.65x10% kg

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
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Radius of earth is around 6000 km. The weight of body at height of
6000 km from earth surface becomes

[RPMT 1997]
(a) Half (b) One-fourth
(c) One third (d) No change
Let g be the acceleration due to gravity at earth's surface and K be
the rotational kinetic energy of the earth. Suppose the earth's radius
decreases by 2% keeping all other quantities same, then
(a) g decreases by 2% and K decreases by 4%
(b) g decreases by 4% and K'increases by 2%
(c) gincreases by 4% and K'increases by 4%
(d) g decreases by 4% and Kincreases by 4%
Where will it be profitable to purchase 1 kilogram sugar

[RPET 1996]
(@) At poles (b) At equator
(c) At 45° latitude (d) At 40° latitude
If the radius of the earth shrinks by 1.5% (mass remaining same),
then the value of acceleration due to gravity changes by
(@) 1% (b) 2%
() 3% (d) 4%
If radius of the earth contracts 2% and its mass remains the same,
then weight of the body at the earth surface
[CPMT 1997; KCET (Engg./Med.) 2001]
(b) Will increase
(d) None of these
If mass of a body is M on the earth surface, then the mass of the
same body on the moon surface is

[AIIMS 1997; RPMT 1997; JIPMER 2000]

(@) M6 (b) Zero
() M (d) None of these

(@) Will decrease

(c) Will remain the same

Mass of moon is 7.34 x10% kg If the acceleration due to gravity
on the H154hBhahbddmops? , the radius of the moon is

(G =6.667x107" Nm? /kg?) [AFMC 1998]
(a) 0.56x10*m (b) 1.87x10°m
() 1.92x10°m (d) 1.01x10®m

What should be the velocity of earth due to rotation about its own
axis so that the weight at equator become 3/5 of initial value. Radius
of earth on equator is 6400 km

[AMU 1999]

(@) 7.4x107*rad/sec (b) 6.7x107* rad/sec

(©) 71‘2611;@;; Jad/ sec (d)

Acceleration due to gravity is ‘g’ on the surface of the earth. The

8.7x107 rad/ sec

value of acceleration due to gravity at a height of 32 Am above
earth’s surface is (Radius of the earth = 6400 km)

[KCET (Engg./Med.) 1999]
@ o9g (b) 0.99¢
(c) 08g (d) ro1g
At what height from the ground will the value of ‘g’ be the same as
that in 10 Am deep mine below the surface of earth

[RPET 1999]
(a) 20 km (b) 10 km
(c) 15 km (d) 5 km
If the Earth losses its gravity, then for a body
[BHU 1999; MHCET 2003]
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49.

50.

51.

52.

53.

54.

55.

56.

a) Weight becomes zero, but not the mass
b) Mass becomes zero, but not the weight
c) Both mass and weight become zero
d) Neither mass nor weight become zero
The height of the point vertically above the earth’s surface, at which
acceleration due to gravity becomes 1% of its value at the surface is
(Radius of the earth = R)
[EAMCET (Engg.) 2000]
@) 8R b) 9R
() 1R (d) 20R
An object weights 72 N on earth. Its weight at a height of R/2 from

earth is [AIMS 2000]
(a) 32N (b) 56 N
() 72 N (d) Zero

The angular velocity of the earth with which it has to rotate so that
acceleration due to gravity on 60 latitude becomes zero is (Radius

of earth = 6400 km. At the poles g =10 ms2)

@) 2.5x10°rad's (b) 5.0x107'radss

(¢) 10x10%rad/s (d) 7.8x107%rad's

Assuming earth to be a sphere of a uniform density, what is the
value of gravitational acceleration in a mine 100 km below the
earth’s surface (Given R = 6400 km)

[AFMC 2000; Pb. PMT 2000]

() 9.66m/s? (b) 7.64m/s?
() 5.06m/s (d) 3.10m/s?
If radius of earth is R then the height ‘4 at which value of ‘g
becomes one-fourth is [BHU 2000]
R 3R
hAS b 2=
@ 7 (b) 2
R
R d) —
() () 3

R and r are the radii of the earth and moon respectively. p, and

P are the densities of earth and moon respectively. The ratio of

the accelerations due to gravity on the surfaces of earth and moon is

R p r
@ —Le b) —Le
I Pm R pon
rp R p
(c) E—m d ——
Pe I Pm

If the mass of earth is 80 times of that of a planet and diameter is
double that of planet and ‘g’ on earth is 9.8 m/s?, then the value
of ‘g on that planet is

[Pb. PMT 1999; CPMT 2000]

(@) 4.9m/s? (b) 0.98m/s?

() 0.49m/s? d) 49m/s?

Assume that the acceleration due to gravity on the surface of the
moon is 0.2 times the acceleration due to gravity on the surface of
the earth. If R, is the maximum range of a projectile on the earth’s

surface, what is the maximum range on the surface of the moon for

the same velocity of projection [Kerala (Engg.) 2001]

@ 0.2R, (b) 2R,
(© O05R, d) 5R,

57.

58.

59.

60.

61.

62.

63.

64.

65.

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

appear weightless, is (g =10 m/s? , radius of earth 6400 km)

(@) 1.25x103rad/sec (b) 1.56x103rad/sec

() 1.25x107'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 =

(d) 1.56 rad/sec

radius of earth) [MP PMT 2001]
(@ 2R (b) R
() 1414 R (d) 0414 R

If density of earth increased 4 times and its radius become half of
what it is, our weight will [AMU (Engg.) 2001]
(@) Be four times its present value

(b) Be doubled

(c) Remain same

(d) Be[é‘RAXE%T 2000]

A man can jump to a height of 1.5 m on a planet A What is the
height he may be able to jump on another planet whose density and
radius are, respectively, one-quarter and one-third that of planet A

(@ 1.5m (b) 15m

() 18 m (d) 28 m
Weight of a body is maximum at [AFMC 2001]
(@) Moon (b) Poles of earth

(d) Centre of earth

What will be the acceleration due to gravity at height A if A > R.
Where R is radius of earth and g is acceleration due to gravity on

(c) Equator of earth

the surface of earth [RPET 2001]
2h
(@) —— (b) g[l - —j
h R
1+—
)
g h
d 1-—
Y @ g[ Rj

The acceleration due to gravity near the surface of a planet of radius

R and ({gmﬁifoafﬂporﬁona] to
[MP PET 2002; AIEEE 2004]

@) % b) dR?
d
© dr @ =

The acceleration due to gravity is g at a point distant r from the

centre of earth of radius R If r <R, then [CPMT 2002]
@ gocr b) gocr?
© gocr? d gocr?

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 be

[UPSEAT 2002]
W 2W
a) — b) —
@ 3 b =3
4w 8w
c) — d —
© 3 @ -



66.

67.

68.

69.

70.

7.

72.

73.

If the density of the earth is doubled keeping its radius constant

then acceleration due to gravity will be (g =9.8 m/SZ) [Pb. PMT 2002; Orissa 2002‘3)

() 19.6m/s? (b) 9.8m/s?

() 4.9m/s? (d) 2.45m/s?

The acceleration due to gravity at pole and equator can be related as

(a) Op <0 (b) 09p =09 =9

() 9p=0e <9 ) 9y >0

If the value of ‘g acceleration due to gravity, at earth surface is
10m/s?, its value in M/s? at the centre of the earth, which is

assumed to be a sphere of radius ‘R metre and uniform mass

density is [AIMS 2002]
(@ 5 (b) 10/R
(c) 10/2R (d) Zero

A research satellite of mass 200 kg circles the earth in an orbit of
average radius 3R/2 where R is the radius of the earth. Assuming the
gravitational pull on a mass of 1 kg on the earth’s surface to be 10 N,
the pull on the satellite will be

[Kerala (Engg.) 2002]
(a) 880N (b) 889N
(¢) 890N (d) 892 N

Acceleration due to gravity on moon is 1/6 of the acceleration due to

gravity on earth. If the ratio of densities of earth (p,) and moon

(o) is (&] = % then radius of moon R in terms of R will be
P,

5 1
@ ERe (b) gRe

3 1
o =R ) ——R,
(c) 18 e (d) o3

The acceleration of a body due to the attraction of the earth (radius
R) at a distance 2 R from the surface of the earth is (g =
acceleration due to gravity at the surface of the earth)

[MP PET 2003]

9 9
2 b 2
@ 9 ® 3
9
= d
© 5 d &
The depth at which the effective value of acceleration due to gravity
is g is [MP PET 2003]
3R
R b) —
@) ® =
R R
B S A
© 3 @ 3

Weight of a body of mass 7 decreases by 1% when it is raised to
height / above the earth’s surface. If the body is taken to a depth A

in a mine, change in its weight is

74.
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[S—]

[KCET 2003; MP PMT 2003]
2% decrease (b) 0.5% decrease

(c) 1% increase (d) 0.5% increase

If both the mass and the radius of the earth decrease by 1%, the
value of the acceleration due to gravity will
[MP PET 2004]
(@) Decrease by 1% (b) Increase by 1%
[DPMT 2002]
(c) Increase by 2% (d) Remain unchanged
The density of a newly discovered planet is twice that of earth. The
acceleration due to gravity at the surface of the planet is equal to
that at the surface of the earth. If the radius of the earth is R, the
radius of the planet would be
[CBSE PMT 2004]
(@) 2R (b) 4R
1 1
¢ —R d) —R
() 2 (d) >
Two planets of radii in the ratio 2 : 3 are made from the material of
density in the ratio 3 : 2. Then the ratio of acceleration due to
gravity ; /g, at the surface of the two planets will be
(@) 1 (b) 225
(c) 4/9 (d) oz
A person will get more quantity of matter in kg —wt. at
) & K CET 2004]
(@) Poles (b) At latitude of 60
(¢) Equator (d) Satellite
At what depth below the surface of the earth, acceleration due to
gravity g will be half its value 1600 km above the surface of the
earth [Pb. PMT 2004]
mpBlar gégﬁ 10°m (b) 3.19x10°m
() 1.59x10°m (d) None of these
What should be the angular speed of earth, so that body lying on
equator may appear weightlessness
(9 =10m/s?, R =6400km) [Pb. PET 2000]
1 1
(a) ——rad/s (b) ——rad/s
800 400
1 1
() ——rad/s (d) ——rad/s
600 100
A body weight 500 N on the surface of the earth. How much would
it weigh half way below the surface of the earth
[Pb. PET 2001; BHU 2004]
(@ 125 M (b) 250 N
(¢) 500N (d) 1000 N
If the density of a small planet is the same as that of earth, while
the radius of the planet is 0.2 times that of the earth, the
gravitational acceleration on the surface of that planet is
[UPSEAT 2004; CBSE PMT 2005]
(a) 02g (b) 04g
() 2¢ d) 4¢
Acceleration due to gravity 'g' for a body of mass 'm' on earth's
surface is proportional to (Radius of earth=R mass of earth=M)
@ GM/R? (b) m°
() mM d) 1/R3"?
A body has a weight 90 kg on the earth's surface, the mass of the

moon is 1/9 that of the earth's mass and its radius is 1/2 that of the
earth's radius. On the moon the weight of the body is
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[S—)
(@) 45 kg (b) 2025 kg
(¢) 90 ke (&) 40 kg
84. If it is assumed that the spinning motion of earth increases, then 5.
the weight of a body on equator [RPMT 2003]
(@) Decreases (b) Remains constant
(c) Increases (d) Becomes more at poles
85. The masses of two planets are in the ratio 1 : 2. Their radii are in
the ratio 1 : 2. The acceleration due to gravity on the planets are in
the ratio [MH CET 2004]
(@ 1:2 (b) 2:1 6
(€ 3:5 d 5:3 )
86. If earth is supposed to be a sphere of radius R if g is value of
acceleration due to gravity at latitude of 30° and g at the equator,
the value of ¢ — 0400 s [DCE 2005]
1 2 3 2
a) —ow°R b) —w°R
@ 3 ® 5
2 1,
87. If M the mass of the earth and R its radius, the ratio of the
gravitational acceleration and the gravitational constant is
[J&K CET 2005] 7.
R? M
@ = ) 2L
M R
M
() MR? @ =
R
Gravitation Potential, Energy and Escape Velocity
1. A body of mass m rises to height 4 = R/5 from the earth's surface,
where R is earth's radius. If g is acceleration due to gravity at earth's 8.
surface, the increase in potential energy is
[CPMT 1989; SCRA 1996; DPMT 2001]
4
(@) mgh (b) Emgh
5 6 9
c) —mgh d) —mgh ’
() g M9 () - mg
2. In a gravitational field, at a point where the gravitational potential is
zero [CPMT 1990]
(a) The gravitational field is necessarily zero
(b) The gravitational field is not necessarily zero
() Nothing can be said definitely about the gravitational field
(d) None of these
3. The gravitational field due to a mass distribution is E =K/ x3 in 10

the x-direction. (K is a constant). Taking the gravitational potential
to be zero at infinity, its value at a distance x is

@) Kix (b) Ki2x
() K/x? d) K/2x?

4. The mass of the earth is 6.00x10% kg and that of the moon is
7.40%x10% kg . The constant of gravitation
G =6.67x10"" N—-m?/kg®. The potential energy of the

system is —-7.79x10% joules. The mean distance between the
earth and moon is [MP PMT 1995]

(@) 3.80x10° metres (b) 3.37x10° metres

() 7.60x10* metres (d) 1.90x102 metres

The change in potential energy, when a body of mass m is raised to
a height nR from the earth's surface is (R = Radius of earth)

(a) mgR—— (b) nmeR
n-1

() mgR n’ d) mgR—"

c _n
n®+1 n+1

The masses and radii of the earth and moon are M;, R; and

M,, R, respectively. Their centres are distance d apart. The

minimum_ velocity with which a particle of mass m should be
projected from a point midway between their centres so that it
escapes to infinity is [MP PET 1997]

3 2,/%(% M) ®) 2 %(Ml +M,)
[Gm Gm(M, + M,)
c) 2 r (Ml + |\/|2) (d) 2 —d(Rl " Rz)

If mass of earth is M, radius is R and gravitational constant is G,

(
(

then work done to take 1 kg mass from earth surface to infinity will

be [RPET 1997]
GM GM
2 b) ——

@) ,/ R (b) R
2GM GM
o J =

(c) ,/ = () R

A rocket is launched with velocity 10 km/s. If radius of earth is R
then maximum height attained by it will be

[RPET 1997]
(@ 2R (b) 3R
() 4R (d) 5R

There are two bodies of masses 100 kg and 10000 kg separated by a
distance 1 m. At what distance from the smaller body, the intensity
of gravitational field will be zero

[BHU 1997]
1 1
—m by —m
©) 9 (b) 10
1 10
—m d) —m
(c) 11 (d) 0
What is the intensity of gravitational field of the centre of a
spherical shell [RPET 2000]
[MP PET 1994]
@) Gmir? b) g
(c) Zero (d) None of these

The gravitational potential energy of a body of mass ‘7 at the
earth’s surface —MQR,. Its gravitational potential energy at a

height R, from the earth’s surface will be (Here R, is the radius
of the earth)

[AIMS 2000; MP PET 2000; Pb. PMT 2004]

@ —2mgR, (b) 2mgR,



20.

1 1 21.
(c) Enge (d) _Enge

Escape velocity of a body of 1 kg mass on a planet is 100 m/sec.
Gravitational Potential energy of the body at the Planet is

(@) - 5000/ (b) —1000/
() -2400) (d) s000

A body of mass m is placed on the earth’s surface. It is taken from

the earth’s surface to a height h = 3R. The change in gravitational
potential energy of the body is

[CBSE PMT 2002]

2 3 22.
—mgR b) —mgR

(@) 3 M9 (b) 2 M9
mgR mgR
2 4 —4=

(c) > (d) 2

A body of mass m kg starts falling from a point 2R above the
Earth’s surface. lts kinetic energy when it has fallen to a point ‘R
above the Earth’s surface [R-Radius of Earth, AM-Mass of Earth, G-
Gravitational Constant] [MP PMT 2002]

1 GMm 1 GMm
@ < b) —

2 R 6 R

2 GMm 1 GMm
© = @ =

3 R 3 R

A body is projected vertically upwards from the surface of a planet
of radius R with a velocity equal to half the escape velocity for that

planet. The maximum height attained by the body is [KCET (Engg./Med.) 20021'

@) R3 b) R
) R4 d) R

Energy required to move a body of mass m from an orbit of radius 2R

to 3Ris [AIEEE 2002]
() GMm/2R? (b) GMm/3R?
25.
(¢ GMm/BR (d) GMm/BR
The kinetic energy needed to project a body of mass m from the
earth surface (radius R) to infinity is
[AIEEE 2002]
(@) mgR/2 (b) 2 mgR
() mgR (d) mgRia
Radius of orbit of satellite of earth is R 1lts kinetic energy is 26.
proportional to [BHU 2003; CPMT 2004
1 1
@ = b) —=
R JR
1
() R (d) R
In some region, the gravitational field is zero. The gravitational 27.

potential in this region
(@) Must be variable

() Cannot be zero

[BVP 2003]
(b) Must be constant
(d) Must be zero

A particle falls towards earth from infinity. It's velocity on reaching
the earth would be [Orissa JEE 2003)]

(@) Infinity

© 2JoR

(d) Zero

23.

(b) V2gR 28.

————

Gravitation 41
[S—]

Gas escapes from the surface of a planet because it acquires an
escape velocity. The escape velocity will depend on which of the
following factors :

1. Mass of the planet
1. Mass[lx‘r t‘:@’l];glgt?gl]e escaping
1I. Temperature of the planet
1V. Radius of the planet
Select the correct answer from the codes given below :

[SCRA 1994]
(@ land M
() land 1V

(b) Mand 1V
(d) 1M and 1V
Ve and V| denotes the escape velocity from the earth and another

planet having twice the radius and the same mean density as the

earth. Then [NCERT 1974; MP PMT 1994]
@ Ve=V, (b) Vo=V, /2
(c) Ve=2v, (d) ve=v,l4

The escape velocity of a sphere of mass m from earth having mass

M and radius Ris given by
[NCERT 1981, 84; CBSE PMT 1999]
2GM b) 2 GM
R R
2GMm GM
@ V=&
R R

The escape velocity for a rocket from earth is 1.2 kmj/sec. Its value
on a planet where acceleration due to gravity is double that on the
earth and diameter of the planet is twice that of earth will be in

(@)
()

kmsec [NCERT 1983;
CPMT 1990; MP PMT 2000; UPSEAT 1999)]

(@ mz (b) 5.6

(c) 224 (d) 53.6

The escape velocity from the earth is about 11 km/second. The escape
velocity from a planet having twice the radius and the same mean
density as the earth, is

[NCERT 1980; MP PMT 1987; MP PET 2001, 2003; AlIMS 2001;
UPSEAT 1999]

(@) 22 kmlsec (b) 1 kmjsec
(¢) 5.5 kmisec (d) 15.5 kmjsec

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

[MNR 1986; MP PET 1995]
(@) Positive
(b) Negative
(c) Zero
(d) May be positive or negative depending upon its initial velocity
If g is the acceleration due to gravity at the earth's surface and ris
the radius of the earth, the escape velocity for the body to escape
out of earth's gravitational field is

[NCERT 1975; RPET 2003]

(a) gr ®) +2gr

© gir @ rig

The escape velocity of a projectile from the earth is approximately[DPMT 1982,
(b) N2 kmjsec

(d) n200 kmjsec

(@) N.2 m/sec
() N2 kmjsec
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The escape velocity of a particle of mass m varies as

[CPMT 1978; RPMT 1999; AIEEE 2002]
@ m? (b) m 39.
() m° d m™

For the moon to cease to remain the earth's satellite, its orbital
velocity has to increase by a factor of [MP PET 1994]

(@) 2 ® V2

40.
© 1/\2 @ 3
The escape velocity of an object from the earth depends upon the
mass of the earth (M), its mean density (p), its radius (R) and the
gravitational constant (G). Thus the formula for escape velocity is
@ v=R[Zcp ® v=M|2TeR
3 3
41.

(© v=+2GMR

Escape velocity on a planet is V, . If radius of the planet remains

same and mass becomes 4 times, the escape velocity becomes [MP PMT 1996; DPMT 1
4 P Y [ 99 (ai’993.14 kmis

@) 4v, ) 2v,
© v, @ v, 42.

The mass of the earth is 81 times that of the moon and the radius of
the earth is 3.5 times that of the moon. The ratio of the escape
velocity on the surface of earth to that on the surface of moon will
be [MP PMT/PET 1998; JIPMER 2000]

(@) o2 (b) 257

(c) 4.8 (d) 0.39

The escape velocity from the surface of earth is V,. The escape 43.

velocity from the surface of a planet whose mass and radius are 3
times those of the earth will be
[MP PMT/PET 1998; JIPMER 2001, 02; Pb. PMT 2004]

@ Ve (b) 3V,
() 9V d) 27V,

How much energy will be necessary for making a body of 500 kg 44.

escape from the earth
[g=9.8m/ 2, radius of earth = 6.4 x10° m]
[MP PET 1999]

(a) About 9.8x10°J (b) About 6.4 x10° J

(c) About 3.1x10J (d) About 27.4x10% ]

The escape velocity for the earth is 1.2 km/sec. The mass of another
planet is 100 times that of the earth and its radius is 4 times that of

the earth. The escape velocity for this planet will be]MP PMT 1999; Pb. PMT 2002]
(b) 5.6 kmis 46.

(@) n2.0 kmjs
(c) 280.0 km/s (d) 56.0 km/s

The escape velocity of a planet having mass 6 times and radius 2
times as that of earth is

[CPMT 1999; MP PET 2003; Pb. PET 2002]

@ V3V, ®) 3V,

© V2V, d 2V, 47.

The escape velocity of an object on a planet whose g value is 9 times
on earth and whose radius is 4 times that of earth in km/s is

45.

(a) 67.2 (b) 33.6
() 16.8 (d) 252
The escape velocity on earth is 1.2 km/s. On another planet having

twice radius and 8 times mass of the earth, the escape velocity will
be [Bihar CMEET 1995)

(@) 3.7 kmls (b) Nn.2 kmjs
(c) 22.4 kmis (d) 432 kmis

The escape velocity of a body on the surface of the earth is 1.2
km|s. If the earth's mass increases to twice its present value and the
radius of the earth becomes half, the escape velocity would become

(@) 5.6 km/s

(b) "%MMG“WT unchanged)
(c) 22.4 kmls

(d) 44.8 kmis

Given mass of the moon is 1/81 of the mass of the earth and
corresponding radius is 1/4 of the earth. If escape velocity on the
earth surface is 1.2 km/s, the value of same on the surface of the
moon is

[CPMT 1997; AlIMS 2000; Pb. PMT 2001]
(b) 0.5 km/s
(d) 5 kmis

The angular velocity of rotation of star (of mass M and radius R) at

(c) 2.5 kmis
which the matter start to escape from its equator will be

2GM? 2GM
@) . (b) 1/—
g

2GM
R® M

()

The least velocity required to throw a body away from the surface of
a planet so that it may not return is (radius of the planet is

6.4x10°m, g =9.8m/sec®) [AMU (Engg.) 1999]
(a) 9.8x103m/sec (b) 12.8x10°m/sec
() 9.8x10°%m/sec (d) 11.2x10%°m/sec

How many times is escape velocity (V,), of orbital velocity (V)

for a satellite revolving near earth [RPMT 2000]
() \/E times (b) 2 times
(c) 3 times (d) 4 times

Escape velocity on earth is 1.2 km/s. What would be the escape
velocity on a planet whose mass is 1000 times and radius is 10 times
that of earth [DCE 2001; DPMT 2004]

(@) mz km/s (b) m.2 km/s
(€) 112 kmys (d) 3.7 kmy/s
If the radius of a planet is R and its density is O, the escape

velocity from its surface will be [MP PMT 2001]

(@) Vv, o pR (b) Vv, < 4/pR
© v V2 @ vl
R JpR

Escape velocity on the earth [BHU 2001]
(@) 1s less than that on the moon

(b) De[)Eemsc 113119?395}]8 mass of the body
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49.

50.

51.

52.

53.

54.

55.

(c) Depends upon the direction of projection
(d) Depends upon the height from which it is projected

If acceleration due to gravity on the surface of a planet is two times
that on surface of earth and its radius is double that of earth. Then
escape velocity from the surface of that planet in comparison to

earth will be [RPET 2001]
(@ 2v (b) 3v
(€ 4v (d) None of these

The escape velocity of a rocket launched from the surface of the
earth [UPSEAT 2001]

(@) Does not depend on the mass of the rocket
(b) Does not depend on the mass of the earth
(c) Depends on the mass of the planet towards which it is moving

(d) Depends on the mass of the rocket

The ratio of the radii of planets A and B is Kk; and ratio of

acceleration due to gravity on them is K,. The ratio of escape

velocities from them will be [BHU 2002]
@ kik; (b) VklkZ
kl k 2

() (d)

Ky ki
A mass of 6x10% kg is to be compressed in a sphere in such a
way that the escape velocity from the sphere is 3x108m/s.

Radius of the sphere should be (G =6.67 x 107N —m?kg?)

(@) 9 km (b) 9m
() 9cm (d)

The escape velocity of a body on an imaginary planet which is thrice

9 mm

the radius of the earth and double the mass of the earth is (v, is

the escape velocity of earth)
[Kerala (Med.) 2002]

® 3/2v,
© V2i3v, d 2/3v,

Escape velocity on the surface of earth is 11.2km/s. Escape

@) 2/3v,

velocity from a planet whose mass is the same as that of earth and
radius 1/4 that of earth is
[CBSE PMT 2000; JIPMER 2002; BHU 2004]
(b) 15.6 km/s
(d) 44.8 km/s

The velocity with which a projectile must be fired so that it escapes

(a) 2.8 km/s
(c) 22.4 kmys

earth’s gravitation does not depend on

[ATIMS 2003]
a) Mass of the earth
b

C

=

Mass of the projectile

Radius of the projectile’s orbit

o

(
(
(
(d) Gravitational constant

1
The radius of a planet is 7 of earth’s radius and its acceleration

due to gravity is double that of earth’s acceleration due to gravity.
How many times will the escape velocity at the planet’s surface be as
compared to its value on earth’s surface [BCECE 2003; MH CET 2000]

1
a) —— 2
® 7 ® 2

56.

57.
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59.
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© 242

(d) 2

The escape velocity for the earth is V,. The escape velocity for a
planet whose radius is four times and density is nine times that of
the earth, is [MP PET 2003]
(a) 36v, (b) 12v,
() 6V, (d) 20v,
The escape velocity for a body projected vertically upwards from the
surface of earth is 11 km/5s. If the body is projected at an angle of 45
with the vertical, the escape velocity will be
11
(a) —=km/s (b) 1142 km/s
V2
(c) 22 kmy/s (d) n km/s
If V, R and g denote respectively the escape velocity from the
surface of the earth radius of the earth, and acceleration due to
gravity, then the correct equation is ~ [MP PMT 2004]
4 03
@ V=4gR b) V= ggR
(© V=RyJg @ V=29R
The escape velocity for a body of mass 1 kg from the earth surface
is 11.2 kms ™. The escape velocity for a body of mass 100 kg
ur9 s [DCE 2003]
(@) 11.2x102kms! (b) 11.2 kms™
() 11.2x10%kms™* (d) None of these
The acceleration due to gravity on a planet is same as that on earth
and its radius is four times that of earth. What will be the value of
escape velocity on that planet if it is V, on earth
@ Ve (b) 2v,
Vv
(€) 4v, (d) ?e
If the radius of a planet is four times that of earth and the value of
g is same for both, the escape velocity on the planet will be
(@) 11.2km/s (b) 5.6 km/s
(c) 224 km/s (d) None
If the radius and acceleration due to gravity both are doubled,
escape velocity of earth will become
[RPMT 2002]
(@) m.z kmss (b) 22.4 km/s
(c) 5.6 km/s (d) 44.8 kmys
1
A planet has twice the radius but the mean density is Zth as
compared to earth. What is the ratio of escape velocity from earth
to that from the planet [MH CET 2004]
(@ 3:1 (b) 1:2
() 1:1 (d) 2:1
The escape velocity from earth is V.. A body is projected with

velocity 2V, with what constant velocity will it move in the inter

planetary space [DCE 2002]
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@ g "

VSS (b) SVES

(© 3v d) V5v,

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 (you may take G =6.67 x10 ' Nm? /kg?)
(@) 6.67 x10°] (b) 6.67 x10°]

() 1334 x10°] (d) 333 x10°/

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

@ 2 (b) 5

1
c) — d \/E
(c) 7 (d)

3 particles each of mass m are kept at vertices of an equilateral
triangle of side L The gravitational field at centre due to these

particles is [DCE 2005]
3GM
(@) Zero (b) 2
9GM 12 GM

(e) 2 (d) B

The value of escape velocity on a certain planet is 2 kmy/s. Then the
value of orbital speed for a satellite orbiting close to its surface is

(@) 12 kmy/s (b) 1 kmys
(©) 2 kmss d 242 km/s

Four particles each of mass M, are located at the vertices of a square
with side L. The gravitational potential due to this at the centre of
[Kerala PET 2005]

®) —\/a?_—';/'

&) \/ﬁ%

There are two planets. The ratio of radius of the two planets is K

the square is

(a) —\/ﬁ %
(c) Zero

but ratio of acceleration due to gravity of both planets is g. What

will be the ratio of their escape velocity [BHU 2005]

@) (Kg)'? b) (Kgy™*'?
(© (Kg)’ d (Kg)?

Motion of Satellite

If Vo and V, represent the escape velocity and orbital velocity of a

satellite corresponding to a circular orbit of radius R, then [CPMT 1982; MP PMT 19

KCET (Engg./Med.) 1999; AlIMS 2002]
@@ Ve =V,

® V2v, =v,
(€) Vo =V, W2

(d) Vv, and Vv, are not related

97:

If r represents the radius of the orbit of a satellite of mass m
moving around a planet of mass M, the velocity of the satellite is

given by
[CPMT 1974; MP PMT 1987; RPMT 1999]
(a) V2 :gM (b) v2:GMm
r r
© v [ATEEdboos) @ V2= GM
r r

Select the correct statement from the following
[MP PMT 1993]
(@) The orbital velocity of a satellite increases with the radius of
the orbit
(b) Escape velocity of a particle from the surface of the earth
depends on the speed with which it is fired
(c) The time period of a satellite does not depend on the radius of
the orbit
(d) The orbital velocity is inversely proportional to the square root
of the radius of the orbit
An earth satellite of mass m revolves in a circular orbit at a height A
from the surface of the earth. R is the radius of the earth and g is
acceleration due to gravity at the surface of the earth. The velocity
of the satellite in the orbit is given by
[NCERT 1983; AIEEE 2004]

gR?
R+h

(@) (b) gR

2
R (d) 9R
Rodt 2005 R+h

Consider a satellite going round the earth in an orbit. Which of the
following statements is wrong [NCERT 1966]

()

(@) 1ltis a freely falling body
(

b)
(c) Tt is moving with a constant speed
d)

(

Two satellites of masses M; and M,(M; >mM,) are revolving

It suffers no acceleration

Its angu]ar momentum remains constant

round the earth in circular orbits of radius I} and ( >1,)
respectively. Which of the following statements is true regarding

their speeds V; and Vv, ?

[NCERT 1984; MNR 1995; BHU 1998]

(@ vi=V, (b) vy <v,
V. \'

v, >V d) L1=22

(c) 1 2 (d) r r,

A satellite which is geostationary in a particular orbit is taken to
another orbit. Its distance from the centre of earth in new orbit is 2

times that of the earlier orbit. The time period in the second orbit is[NCERT 19

(a) 4.8 hours (b) 48\/5 hours

(d) 24\/5 hours

The ratio of the KEE. required to be given to the satellite to escape

(c) 24 hours

earth's gravitational field to the K.E. required to be given so that the
satellite moves in a circular orbit just above earth atmosphere is

(a) Onme (b) Two
(c) Half (d) Infinity



An astronaut orbiting the earth in a circular orbit 120 km above the 17.
surface of earth, gently drops a spoon out of space-ship. The spoon
will [NCERT 1971]

(a) Fall vertically down to the earth

(b) Move towards the moon

(c) Will move along with space-ship

(d) Will move in an irregular way then fall down to earth

The period of a satellite in a circular orbit around a planet is

independent of [NCERT 1974; AIEEE 2004]

(@) The mass of the planet b
(b) The radius of the planet

() The mass of the satellite

(d) All the three parameters (a), (b) and (c)

If a satellite is orbiting the earth very close to its surface, then the
orbital velocity mainly depends on[NCERT 1982] .
(@) The mass of the satellite only

(b) The radius of the earth only

(c) The orbital radius only

(d) The mass of the earth only

20.

The relay satellite transmits the T.V. programme continuously from
one part of the world to another because its

(@) Period is greater than the period of rotation of the earth

(b) Period is less than the period of rotation of the earth about its
axis

(c) Period has no relation with the period of the earth about its
axis

(d) Period is equal to the period of rotation of the earth about its
axis

(e) Mass is less than the mass of the earth

Two satellites A and B go round a planet P in circular orbits having

radii 4R and R respectively. If the speed of the satellite A is 3V, the
speed of the satellite Bwill be.

21

[MNR 1991; ATIMS 1995; UPSEAT 2000]
@ 12z2v (b) 6V
4 3

) —V d) =V
() 3 () >
A geostationary satellite [CPMT 1990]
(@) Revolves about the polar axis

(b) Has a time period less than that of the near earth satellite

22.

() Moves faster than a near earth satellite
(d) 1s stationary in the space

A small satellite is revolving near earth's surface. Its orbital velocity
will be nearly

[CPMT 1987; Orissa JEE 2002; JIPMER 2001, 02] 23.

(@) 8 km/sec
(c) 4 km]sec

(b) .2 kmjsec
(d) 6 kmisec
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The orbital velocity of an artificial satellite in a circular orbit just
above the earth's surface is v. For a satellite orbiting at an altitude of
half of the earth's radius, the orbital velocity is

[MNR 1994]
3 3
—V b —V
(@) > (b) 2
2 2
=V d —v
() 3 (d) 3
In a satellite if the time of revolution is 7, then K.E. is proportional
to [BHU 1995]
1 1
@ — (b) 7z
1 -21/3
(c) = @ T

If the height of a satellite from the earth is negligible in comparison
to the radius of the earth R, the orbital velocity of the satellite is]MP PET 1995;

() gR (b) gRi2

(© Vg/R @ JoR

Choose the correct statement from the following : The radius of the
orbit of a geostationary satellite depends upon
& [MNrK 1984, 93] P P

[MP PMT 1995]

(@) Mass of the satellite, its time period and the gravitational
constant

(b) Mass of the satellite, mass of the earth and the gravitational
constant

(c) Mass of the earth, mass of the satellite, time period of the
satellite and the gravitational constant

(d) Mass of the earth, time period of the satellite and the
gravitational constant

Out of the following, the only incorrect statement about satellites is

(@) A satellite cannot move in a stable orbit in a plane passing
through the earth's centre

(b) Geostationary satellites are launched in the equatorial plane

() We can use just one geostationary satellite for global
communication around the globe

(d) The speed of a satellite increases with an increase in the radius
of its orbit

A satellite is moving around the earth with speed v in a circular
orbit of radius r. If the orbit radius is decreased by 1%, its speed will[MP PET 19

(@) TIncrease by 1% (b) Increase by 0.5%

(c) Decrease by 1% (d) Decrease by 0.5%
Orbital velocity of an artificial satellite does not depend upon
(@) Mass of the earth

(b) Mass of the satellite

A satellite revolves around the earth in an elliptical orbit. Its speed [NCERT 198;; MF(‘CSET]%E?&IJ]S of the earth

(@) Is the same at all points in the orbit

(b) 1s greatest when it is closest to the earth

(c

(d) Goes on increasing or decreasing continuously depending upon
the mass of the satellite

o

Is greatest when it is farthest from the earth

24.

(d) Acceleration due to gravity
The time period of a geostationary satellite is
[EAMCET 1994; MP PMT 1999]
(b) 12 hours
(d) One month

(@) 24 hours
(c) 365 days
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Orbital velocity of earth's satellite near the surface is 7 km/s. When
the radius of the orbit is 4 times than that of earth's radius, then
orbital velocity in that orbit is

[EAMCET (Engg.) 1995]
(@) 3.5 km/s
(c) 72 kmis

(b) 7 kmis
(d) 14 kmis

Two identical satellites are at R and 7R away from earth surface, the
wrong statement is (R = Radius of earth)

[RPMT 1997]

a) Ratio of total energy will be 4

o
~

Ratio of kinetic energies will be 4

n
~

Ratio of potential energies will be 4

d) Ratio of total energy will be 4 but ratio of potential and kinetic
energies will be 2

For a satellite escape velocity is 11 km/s. If the satellite is launched at

an angle of 60° with the vertical, then escape velocity will be [CBSE PMT 1993; RPMT 19

(@) N kmjs (b) ll\/g kmls

(c) 1 kmis

V3

The mean radius of the earth is R its angular speed on its own axis
is @ and the acceleration due to gravity at earth's surface is g The

(d) 33 kmis

cube of the radius of the orbit of a geostationary satellite will be

@ R%glw (b) R%*w%lg

(©) Rg/aw? d) R%g/a?

Which one of the following statements regarding artificial satellite of

the earth is incorrect [NDA 1995; MP PMT 2000]
(@) The orbital velocity depends on the mass of the satellite

(b) A minimum velocity of 8 kmj/sec is required by a satellite to
orbit quite close to the earth

(c) The period of revolution is large if the radius of its orbit is
large

(d) The height of a geostationary satellite is about 36000 km from
earth

A ball is dropped from a spacecraft revolving around the earth at a
height of 120 km. What will happen to the ball

[CBSE PMT 1996; CPMT 2001; BHU 1999]

(@) 1t will continue to move with velocity v along the original orbit
of spacecraft

(b) 1t will move with the same speed tangentially to the spacecraft
(c) 1t will fall down to the earth gradually
(d) 1t will go very far in the space

A satellite whose mass is M, is revolving in circular orbit of radius r
around the earth. Time of revolution of satellite is

[AMU 1999]

32.

33.

34.

35.

36.

37.

38.

39.

40.

An artificial satellite is placed into a circular orbit around earth at
such a height that it always remains above a definite place on the
surface of earth. Its height from the surface of earth is

(b) 4800 km
(d) 36000 km

The weight of an astronaut, in an artificial satellite revolving around

(a) 6400 km
(c) 32000 km

the earth, is [BHU 1999]
(@) Zero

(b) Equal to that on the earth

() More than that on the earth

(d) Less than that on the earth

In the following four periods [AMU 2000]

(i) Time of revolution of a satellite just above the earth’s surface
Ts)

(i) Period of oscillation of mass inside the tunnel bored along the

iameter of the earth (T, )

(iii) Period of simple pendulum having a length equal to the earth’s
radius in a uniform field of 9.8 Nkg (rsp)

(iv) Period of an infinite length simple pendulum in the earth’s real

gravitational field (T;)

@ Tq>Tr b) T > Ty

(c) T{‘FBSET@AT 1992] d) Tq =T :TSp =T
The periodic time of a communication satellite is
[MP PMT 2000]
(@) 6 hours (b) 12 hours
(c) 18 hours (d) 24 hours
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
@ 4V, b) 2V,
() 0.5V, (d)y 4V,

Which of the following statements is correct in respect of a

geostationary satellite [MP PET 2001]
(@) 1t moves in a plane containing the Greenwich meridian

(b) 1t moves in a plane perpendicular to the celestial equatorial
plane

(c) 1lts height above the earth’s surface is about the same as the
radius of the earth

(d) 1lts height above the earth’s surface is about six times the radius
of the earth

The distance of a geo-stationary satellite from the centre of the
earth (Radius R = 6400 km) is nearest to

[AFMC 2001]
(@ 5R
() 10R

(b) 7R

(d) 18R

If Gravitational constant is decreasing in time, what will remain
unchanged in case of a satellite orbiting around earth

(a) Time period (b) Orbiting radius
(c) Tangential velocity (d) Angular velocity

Periodic time of a satellite revolving above Earth’s surface at a height
equal to R, radius of Earth, is



41.

42.

43.

45.

46.

47.

[g is acceleration due to gravity at Earth’s surface]

@ 2r R ©) 4var JE
g g

(c) ZH\/E (d) 871'\/E
g g

Given radius of Earth ‘R and length of a day ‘7 the height of a
geostationary satellite is [G-Gravitational Constant, M—Mass of

[MP PMT 2002]

Earth] [MP PMT 2002]
1/3 1/3
47°GM 47GM
(a) (TJ (b) (?] -R
omt?) "’ omt?) "’
©) (471'2 j R @ (471'2 j R

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 2.5 R from the surface of
earth is

[UPSEAT 2002; AMU (Med.) 2002; Pb. PET 2003]

@) 10 Ar (b) (62)hr

d) 6v2hr

The distance between centre of the earth and moon is 384000 km.
If the mass of the 6x10%kg  and

G =6.66 x10 X Nm?/kg 2. The speed of the moon is nearly
[MH CET 2002]

(c) 6 hr

earth s

(@) 1 kmy/sec
(c) 8 kmy/sec

(b) 4 km/sec
(d) n.2 km/sec

A satellite is launched into a circular orbit of radius ‘R around earth
while a second satellite is launched into an orbit of radius 1.02 R.
The percentage difference in the time periods of the two satellites is

(@ o7 (b) 10
(c) 15 ) 3
Where can a geostationary satellite be installed
[MP PMT 2004]

(@) Over any city on the equator
(b) Over the north or south pole
(c) At height R above earth

(d) At the surface of earth

Distance of geostationary satellite from the surface of earth
radius(R, = 6400 km) in terms of R, is [Pb. PET 2000]

(@) 13.76 R, (b) 10.76 R,

(¢) 6.56 R, d) 2.56 R,

A satellite is to revolve round the earth in a circle of radius 8000
km. The speed at which this satellite be projected into an orbit, will

be [Pb. PET 2002]
(@ 3kml/s (b) 16 km/s
(¢) 7.15km/s (d) 8kml/s

48.

49.

50.

51

52.

53.

54.
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56.

57.
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Two satellite A and B, ratio of masses 3 : 1 are in circular orbits of
radii rand 4r. Then ratio of total mechanical energy of A to Bis

@ 1:3 (b) 3:1
() 3:4 (d) 12

The orbital velocity of a planet revolving close to earth's surface is
@ 29R ®) JoR

29 9
© 3R @ 3

If the gravitational force between two objects were proportional to

1/R (and not as 1/ RZ) where R is separation between them, then a

particle in circular orbit under such a force would have its orbital
speed v proportional to [CBSE PMT 1994; JIPMER 2001, 02]

@ 1/R? (b) R°
(¢ R! ) VR

A satellite moves around the earth in a circular orbit of radius r
with speed v. If the mass of the satellite is A4, its total energy is

L ERYIE:
(a) 2Mv (b) 2Mv

(© %Mv2 ) Mv?

A satellite with kinetic energy E, is revolving round the earth in a

circular orbit. How much more kinetic energy should be given to it
so that it may just escape into outer space

@@ Eg (b) 2E
1
(c) 2 = (d) 3E

Potential energy of a satellite having mass ‘7 and rotating at a
height of 6.4 x 10°m from the earth surface is

[AIMS 2000; CBSE PMT 2001; BHU 2001]
[EAMCET 2003]

(a) —-0.5mgR, (b) —mgR,

(C) _2nge (d) 4nge

When a satellite going round the earth in a circular orbit of radius r

and speed v loses some of its energy, then rand v change as [JIPMER 2002; EAM

(@) rand vboth with increase
(b) rand vboth will decrease
() rwill decrease and v will increase
(d) rwill decrease and v will decrease
An earth satellite S has an orbit radius which is 4 times that of a
communication satellite C. The period of revolution of S'is
(@) 4 days (b) 8 days
(c) 16 days (d) 32 days
Which is constant for a satellite in orbit
[Bihar CMEET 1995]
(b) Angular momentum
(d) Acceleration

(@) Velocity

(c) Potential energy
(e) Kinetic energy
If satellite is shifted towards the earth. Then time period of satellite
will be [RPMT 2000]

(@) Increase

(c) Unchanged

(b) Decrease
(d) Nothing can be said
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65.

66.

67.

Which of the following quantities does not depend upon the orbital
radius of the satellite [DCE 2000,03]

T T2
(a) R (b) R
T? T?
(c) Rz (d) =

The time period of a satellite of earth is 5 fours. If the separation
between the earth and the satellite is increased to four times the
previous value, the new time period will become
(@) 20 hours (b) 10 hours
(c) 80 hours (d) 40 hours
A satellite moves round the earth in a circular orbit of radius R
making one revolution per day. A second satellite moving in a
circular orbit, moves round the earth once in 8 days. The radius of
the orbit of the second satellite is

[UPSEAT 2004]
@) 8R (b) 4R
() 2R d) R
A person sitting in a chair in a satellite feels weightless because
(@) The earth does not attract the objects in a satellite
(b) The normal force by the chair on the person balances the

earth's attraction

() The normal force is zero
(d) The person in satellite is not accelerated
Two satellites A and B go round a planet in circular orbits having
radii 4R and R, respectively. If the speed of satellite A is 3y, then
speed of satellite Bis [Pb. PET 2004]

3v 4v
(a) > (b) >
) 6v d) 12v

1 1
If goc— (instead of —-), then the relation between time
R® R?

period of a satellite near earth's surface and radius R will be

@@ T?«R? (b) ToxR?
() T?xR (d) TR
To an astronaut in a spaceship, the sky appears
[KCET 1994]
(@) Black (b) White
() Green (d) Blue

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%
() 50% (d) 59.6%
A satellite moves in a circle around the earth. The radius of this

circle is equal to one half of the radius of the moon’s orbit. The
satellite completes one revolution in

[J&K CET 2005]

(a) % lunar month (b) — lunar month

(c) 2732 Jynar month (d) 2%'2 Junar month

A satellite of mass m is placed at a distance r from the centre of
earth (mass M). The mechanical energy of the satellite is

[J&K CET 2005]

GMm GMm
- (b)

r r

@)

GMm GMm
d -

© 2r 2r

Kepler’s Laws of Planetary Motion

The distance of neptune and saturn from sun are nearly 10" and

10" meters respectively. Assuming that they move in circular

orbits, their periodic times will be in the ratio [NCERT 1975; CBSE PMT 1994; MF

[AIMS 19951 EEE 2003] (b) 100

(©) 10410 d 1/+410

The figure shows the motion of a planet around the sun in an
elliptical orbit with sun at the focus. The shaded areas A and B are

also shown in the figure which can be assumed to be equal. If t;
and t, represent the time for the planet to move from ato band d
to c respectively, then
[CPMT 1986, 88]
[UPSEAT 2004] 5
a) 4<t,
b) t>t,

(
(
© 4=t
(

d) t <t
The period of a satellite in a circular orbit of radius R is 7, the
period of another satellite in a circular orbit of radius 4R is

AIIMS 2000; CBSE PMT 2002]
(a) 4T (b) 74
() 8T (d) 78
Orbit of a planet around a star is [CPMT 1982]
(@) A circle (b) An ellipse
(c) A paphobboz] (d) A straight line

If a body describes a circular motion under inverse square field, the
time taken to complete one revolution T is related to the radius of
the circular orbit as

[NCERT 1975; RPMT 2000]
@ Tecr (b) Tocr?
€ T?er® (d Toer?
If the earth is at one-fourth of its present distance from the sun, the
duratim[] é’tﬁ gtgryzeg(l)‘s\jvi" be [EAMCET 1987]
(@) Half the present year
)
)

(b) One-eighth the present year
(c
(d

One-fourth the present year
) One-sixth the present year
The earth revolves about the sun in an elliptical orbit with mean
radius 9.3x10' M in a period of 1 year. Assuming that there are
no outside influences
(@) The earth's kinetic energy remains constant
(b) The earth's angular momentum remains constant
(c) The earth's potential energy remains constant
(d) All are correct
Venus looks brighter than other planets because
[MNR 1985]
(@) 1t is heavier than other planets



(b) 1t has higher density than other planets 17.
(c) 1Itis closer to the earth than other planets

(d) 1t has no atmosphere

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 @, 8
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[S—]
A planet revolves around sun whose mean distance is 1588 times
the mean distance between earth and sun. The revolution time of

planet will be [RPET 1997]
(@) 125 years (b) 159 years
(c) 0.89 years (d) 2 years

A satellite A of mass m is at a distance of r from the centre of the

when it is farthest from the sun at a distance d,, its speed will be [MP PMT 1987.DGE 280%kher satellite B of mass 2m is at a distance of 2r from the

dfvy d,vy
SV b) —24L
(a) oZ (b) da,
d,vy ddv, 19.
—_ d
(c) d, (d) oZ

The orbital speed of Jupiter is [MNR 1986; UPSEAT 2000]
(@) 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 20.

radii of the orbits are T,;,T, and K,I, respectively. The ratio

T, /T, is equal to [CPMT 1978]
@ (R/n)? (b) n/n
© @/ @ @/ .
Kepler's second law regarding constancy of aerial velocity of a planet
is a consequence of the law of conservation of
[CPMT 1990; AlIMS 2002]
(@) Energy (b) Angular momentum 22,
(¢) Linear momentum (d) None of these
The largest and the shortest distance of the earth from the sun are
I, and I,, its distance from the sun when it is at the perpendicular
to the major axis of the orbit drawn from the sun
I+ nr.
@) 1—2% (b) 12 23.
4 r+r,
2nr, r+r,
(€ —— (C)
r+r, 3
The rotation period of an earth satellite close to the surface of the 24
earth is 83 minutes. The time period of another earth satellite in an
orbit at a distance of three earth radii from its surface will be
(a) 83 minutes (b) 83x \/§ minutes
() 664 minutes (d) 249 minutes 25.

A satellite of mass m is circulating around the earth with constant

angular velocity. If radius of the orbit is R, and mass of the earth

earth's centre. Their time periods are in the ratio of

(@ 1:2 (b) 1:16
() 1:32 (d) 1:242

The earth E moves in an elliptical orbit with the sun S at one of the
foci as shown in figure. Its speed of motion will be maximum at the
[BHU 1994; CPMT 1997]

C

point

(@ C
b) A
() B
d) D

The period of revolution of planet A around the sun is 8 times that
of B. The distance of A from the sun is how many times greater
than that of B from the sun

[CBSE PMT 1997; BHU 2001]
@ 2 (b) 3
(c) 4 d 5
If the radius of earth's orbit is made 1/4, the duration of an year will

become [BHU 1998; JIPMER 2001, 2002]
(@) 8 times (b) 4 times
(c) 1/8 times (d) 1/4 times

Planetary system in the solar system describes
[DCE 1999]
a) Conservation of energy
b) Conservation of linear momentum
c) Conservation ftfsﬂgf’ﬂi?’f ggipentum
d) None of these

If mass of a satellite is doubled and time period remain constant the

(
(
(
(

ratio of orbit in the two cases will be

[RPET 2000]
(@ 1:2 (b) 1:1
() 1:3 (d) None of these
The earth revolves round the sun in one year. If the distance
between them becomes double, the new period of revolution will be

[MP PMT 1994]
(@) 1/2 year (b) 2\/5 years

M, the angular momentum about the centre of the earth is[]MP PMT 1996; RPMT 2060] Laws of planetory motion

(a) myGMR, (b) M,/GmR, 26

GM GM
(€ m— d M—

RO RU

27.
According to Kepler, the period of revolution of a planet (7) and its
mean distance from the sun (r) are related by the equation
[EAMCET (Med.) 1995; MH CET 2000; Pb. PET 2001]

(a) T3r3 = constant (b) T2r2 = constant
(c) Trd = constant (d) T2r = constant 28.

(c) 4 years (d) 8 years

Kepler discovered [DCE 2000]
(@) Laws of motion

(b) Laws of rotational motion

(d) Laws of curvilinear motion

In the solar system, which is conserved [DCE 2001]

(b) KE.

(d) Linear Momentum

(a) Total Energy

() Angular Velocity
The maximum and minimum distances of a comet from the sun are
8x102m and 1.6x10% m. If its velocity when nearest to the
sun is 60 m/s, what will be its velocity in m/s when it is farthest

(@) 12 (b) 60

() m2 (d) 6

A body revolved around the sun 27 times faster then the earth what
is the ratio of their radii [DPMT 2002]
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(@) 3 (b) 9 dA w GA
() 127 (d) va @ praiald (b) e
The period of moon’s rotation around the earth is nearly 29 days. If
moon’s mass were 2 fold, its present value and all other things (©) d_A o or? d) d_A o Jor
remained unchanged, the period of moon’s rotation would be nearly [Kerala (Engg.) 2002] dt dt
g P y B8
(a) 29\/5 days (b) 292 days 39. The ratio of the distances of two planets from the sun is 1.38. The
(©) 292 days d) 29 days ratio of their period of revolution around the sun is
Two planets at mean distance d; and d, from the sun and their (@) 138 (b) 1.383%/2
frequencies are n and n respectively then ©) 1.381/2 d) 1.383
[Kerala (Med.) 2002]
2
@) nidf =n,af ) nfd3 =nfaf © a8
) , ) ) 40.  Kepler's second law (law of areas) is nothing but a statement of
() Midy =nyd; () nidy =nzd, (@) Work energy theorem
Which of the following astronomer first proposed that sun is static . .
(b) Conservation of linear momentum
and earth rounds sun [AFMC 2002]
(a) Copernicus (b) Kepler (c) Conservation of angular momentum
(c) Galileo (d) None (d) Conservation of energy
The distance of a planet from the sun is 5 times the distance 4. In an elliptical orbit under gravitational force, in general
between the earth and the sun. The time period of the planet is [UPSEAT 2003] [UPSEAT 2004]
3/2 2/3
(@ 577 years (b) 5% years (@) Tangential velocity is constant
1/3 1/2
() 5777 years (d) 577 years (b) Angular velocity is constant
A planet is revolving around the sun as shown in elliptical path (c) RAMBFEAT2R93k constant
B (d) Areal velocity is constant
42. If a new planet is discovered rotating around Sun with the orbital
%\"\ﬁ( radius double that of earth, then what will be its time period (in
Al-c e X eccmccbee e C '
earth's days) [DCE 2004]
The correct optio (a) 1032 (b) 1023
(@) The time taken in"tra is less than that for BCD (© 1024 d) 1043
c
(b) The time taken in travelﬁng DAB is greater than that for BCD
. . . . 43. Suppose the law of gravitational attraction suddenly changes and
(c) The time taken in travelling CDA is less than that for ABC 3
(d) The time taken in travelling CDA is greater than that for ABC becomes an inverse cube law ie. Foc1/r”, but still remaining a
i . . . . central force. Then [UPSEAT 2002]
In the previous question the orbital velocity of the planet will be ]
minimum at [UPSEAT 2003; RPET 2002] (@) Keplers law of areas still holds
(@) A (b) B (b) Keplers law of period still holds
() C d) D (¢) Keplers law of areas and period still hold
The radius of orbit of a planet is two times that of the earth. The (d) Neither the law of areas, nor the law of period still holds
time period of planet is [BHU 2003; CPMT 2004] 44. What does not change in the field of central force
(@) 4.2 years (b) 2.8 years [MP PMT 2004]
(c) 5.6 years (d) 84 years (@) Potential energy (b) Kinetic energy
The orbital angular momentum of a satellite revolving at a distance r (c) Linear momentum (d) Angular momentum
from the centre is L. If the distance is increased to 167, then the new . , . . . .
. 45. The eccentricity of earth's orbit is 0.0167. The ratio of its maximum
angular momentum will be o . : o !
[MP PET 2003] speed in its orbit to its minimum speed is
@ 16L (b) 64 1L [NCERT 1973]
L (@) 2.507 (b) 1033
() — d 4L
4 () 8.324 (d) 1ooo
According to Kepler’s law the time period of a satellite varies with 46.  The mass of a planet that has a moon whose time period and orbital
its radius as [Orissa JEE 2003] radius are 7'and R respectively can be written as
() T?xR? b) T? o R? [AMU 1995]
2 3 3 2 2p3p-17-2 2p3n-17-2
() T°oc(R”) (d) T° oc(UR?) (@) 47°R°G™T (b) 87z°R°G™T
In planetary motion the areal velocity of position vector of a planet (c) 127%R3G T2 (d) 1672R3GIT 2
depends on angular velocity (@) and the distance of the planet b
47. If orbitﬂsme(tifyz%%ﬂlanet is given by V = G2MP°RE, then

from sun (7). If so the correct relation for areal velocity is

[EAMCET 1994]



48.

49.

50.

51.

(@ a=1/3,b=1/3,c=-1/3
(b) a=1/2,b=1/2,c=-1/2
() a=1/2,b=-1/2,c=1/2
d a=1/2,b=-1/2,c=-1/2
Hubble's law states that the velocity with which milky way is
moving away from the earth is proportional to
[Kerala PMT 2004]
a) Square of the distance of the milky way from the earth

(
(b) Distance of milky way from the earth
() Mass of the milky way

(

d) Product of the mass of the milky way and its distance from the
earth

(e) Mass of the earth
Two satellite are revolving around the earth with velocities V; and

V, andinradii I; and I,(f; > I,) respectively. Then

[BHU 2005]
@ vi=V, (b) vi>v,
\ Vv
vV, <V d) L=-2
() v 2 (d) N r,

The condition for a uniform spherical mass m of radius r to be a
black hole is [G= gravitational constant and g= acceleration due to
gravity| [AIMS 2005]

@ (Gm/rH?<c ®) (2Gm/r)t'? =c

(© (@Gm/nt'2>c d (gm/nt'2>c

Earth is revolving around the sun if the distance of the Earth from
the Sun is reduced to 1/4* of the present distance then the present

day length reduced by [BHU 2005]
1 1
= b —
@ 2 (b) >
1 1
= 4 =
(c) 8 (d) 5

Critical Thinking

Objective Questions

T

Imagine a light planet revolving around a very massive star in a

circular orbit of radius R with a period of revolution 7. If the

gravitational force of attraction between planet and star is
5

proportional to R 2, then T2 s proportional to
[T 1989; RPMT 1997]

(a) R 3 (b) R7 /12
(C) R5 /2 (C]) R 3/2
The magnitudes of the gravitational force at distances I} and T,
from the centre of a uniform sphere of radius R and mass Mare F

and F, respectively. Then [T 1994]

—
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@ -5 ir <R and 1, <R
Fon
2
® 2-5 fr>Rand >R
F o
F
© 2=1ifr>Rand r,>R
Fon
2
@ -8 ir<Rand <R
oy

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 earth
(@) 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 mass M is split into two parts, m and (M-m), which are then
separated by a certain distance. What ratio of m/M maximizes the
gravitational force between the two parts
[AMU 2000]
(@) 3 (b) 12
() V4 (d) s

Suppose the gravitational force varies inversely as the nt power of
distance. Then the time period of a planet in circular orbit of radius
R around the sun will be proportional to

)
() R @ R ?
If the radius of the earth were to shrink by 1% its mass remaining
the same, the acceleration due to gravity on the earth's surface
would
[NIT 1981; CPMT 1981; MP PMT 1996, 97;

Roorkee 1992; MP PET 1999; Kerala PMT 2004]
(@) Decrease by 2% (b) Remain unchanged
(c) TIncrease by 2% (d) Increase by 1%
The radius and mass of earth are increased by 0.5%. Which of the
following statements are true at the surface of the earth
(@) g will increase

(

b)
(c) Escape velocity will remain unchanged
d)

(

In order to make the effective acceleration due to gravity equal to

g will decrease
Potential energy will remain unchanged

zero at the equator, the angular velocity of rotation of the earth

about its axis should be (g =10 mMs 2 and radius of earth is 6400

kms) [Roorkee 2000]
(@) 0 radsec™ (b) L radsect
800
© L radsect () 1 adsec
80 8

A simple pendulum has a time period T; when on the earth’s
surface and T, when taken to a height R above the earth’s surface,

where R is the radius of the earth. The value of T, /T, is

(a) 1 b 2
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(c) 4 (d 2
A body of mass m is taken from earth surface to the height / equal
to radius of earth, the increase in potential energy will be
CBSE PMT 1991; Kurukshetra CEE 1996;
CMEET Bihar 1995; MNR 1998; AIEEE 2004]

() meR (b) %ng
() 2 mgR (d) %ng

An artificial satellite moving in a circular orbit around the earth has

a total (kinetic + potential) energy E; . Its potential energy is[lIT 1997 Cancelled; Ml?cgET gQ?

MP PMT 2000]
(@) -E, (b) 15E,
(€ 2E @ B
A tocket of mass M is launched vertically from the surface of the
earth with an initial speed V. Assuming the radius of the earth to be

R and negligible air resistance, the maximum height attained by the
rocket above the surface of the earth is

gR gR
a) R R
@ /( 2v? j ®) (2v2 j

2gR 2gR
¢ R Rl &=
() /[v ] (d) [VZ j

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

[T 1993]
(@) The gravitational force due to this object at the origin is zero

figure

(b) The gravitational force at the point B (2, 0, 0) is zero

(c) The gravitational potential is the same at all points of the circle
y?+22 =36

(d) The gravitational potential is the same at all points on the
circle y2 +22=4

Two bodies of masses M; and M, are initially at rest at infinite

distance apart. They are then allowed to move towards each other
under mutual gravitational attraction. Their relative velocity of
approach at a separation distance r between them is

1/2 1/2
SRS © e,

. 1/2 ’G 12
(c) {—ZG(mlmz)} (d) [T m1m2:|

A projectile is projected with velocity kv, in vertically upward

direction from the ground into the space. (V, is escape velocity and

k <1). If air resistance is considered to be negligible then the

maximum height from the centre of earth to which it can go, will be
: (R = radius of earth)
[Roorkee 1999; RPET 1999]

R R

@ K2 —1

17.

18.

k
NCERT 1971; CPMT 1971, 97: IT 1983;
f

© @

satellite is launched mto a circular orbit of radius R around the
earth. A second satellite is launched into an orbit of radius (1.01)R.
The period of the second satellite is larger than that of the first one

by approximately [T 1995]
(a) 0.5% (b) 1.0%
(c) 1.5% (d) 3.0%

If the distance between the earth and the sun becomes half its
present value, the number of days in a year would have been
(b) 129
(d) 730
A geostationary satellite orbits around the earth in a circular orbit of
radius 36000 km. Then, the time period of a satellite orbiting a few
hundred kilometres above the earth’s surface (Rg,, =6400km)
will approximately be

[NTJEE (Screening) 2002]
(@ 12 h

(c)

(b) 1A

2 f'AMU 1995] (d) 44

QGraphicaI Questions

Assuming the earth to have a constant density, point out which of
the following curves show the variation of acceleration due to
gravity from the centre of earth to the points far away from the
surface of earth

[AMU (Engg.) 2000]

(d) None of these

The diagram shawing the,variation of gravitational potential of earth
with distance from the centre of earth is

|4 v
[BHU 1994; RPET 1999]
R
@ o : - ®) 5 i
v v
(©) ) <
o

By which curve will the variation of gravitational potential of a
hollow sphere of radius R with distance be depicted

v |4




A sphere of mass M and radius R has a concentric cavity of radius R
as shown in figure. The force F exerted by the sphere on a particle
of mass m located at a distance r from the centre of sphere varies as

0 <r<wx)

() ()

Which one of the following graphs represents correctly the variafion
of the gravitational field (F) with the distance (r) from the centre of
a spherical shell of mass M and radius a

/ /

@

r=a r r=a r

Suppose, the acceleration due to gravity at the earth’s surface is 10
my/s and at the surface of Mars it is 4.0 m/s. A 60 kg passenger goes
from the earth to the Mars in a spaceship moving with a constant
velocity. Neglect all other objects in the sky. Which part of figure
best represents the weight (net gravitational force)of the passenger

as a function of time.

weight

600N
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@ A

(b) B
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d D

Which of the following graphs represents the motion of a planet
moving about the sun [NCERT 1983]

7 7
(@) (b)
T e
R i

(c) - @ . k

’
The curves forfpotential energy (/) and kineti€ energy (E,) of a

two particle system are shown in figure. At what points the system
will be bound?

a) Only at point D

b) Only at point A
c) At point Dand A
d) At points A Band C

Energy

(
(
(
(

The correct graph representing the variation of total energy (E,)

kinetic energy (E,) and potential energy (1)) of a satellite with its

distance from the centre of earth is

O =
Energy Energy
™
x N
C G
Energy Energy

A shell of mass M and radius R has a point mdés m placed at a
distance r from its centre. The gravitational potential energy U (r) vs
rwill be
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R Assertion & Reason

For AIIMS Aspirants

Read the assertion and reason carefully to mark the correct option out of

the options given below:

@
®)
(©

@
(e

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Smaller the orbit of the planet around the sun,
shorter is the time it takes to complete one
revolution.

According to Kepler’s third law of planetary motion,
square of time period is proportional to cube of
mean distance from sun.

Gravitational force between two particles is
negligibly small compared to the electrical force.

The electrical force is experienced by charged
particles only.

The universal gravitational constant is same as
acceleration due to gravity.

Gravitational constant and acceleration due to
gravity have same dimensional formula.

The value of acceleration due to gravity does not
depend upon mass of the body on which force is
applied.

Acceleration due to gravity is a constant quantity.

If a pendulum is suspended in a lift and lift is
falling freely, then its time period becomes infinite.

Free falling body has acceleration equal to
acceleration due to gravity.

If earth suddenly stops rotating about its axis, then
the value of acceleration due to gravity will become
same at all the places.

The value of acceleration due to gravity is
independent of rotation of earth.

The difference in the value of acceleration due to
gravity at pole and equator is proportional to
square of angular velocity of earth.

The value of acceleration due to gravity is minimum
at the equator and maximum at the pole.

There is no effect of rotation of earth on

acceleration due to gravity at poles.
Rotation of earth is about polar axis.

A force act upon the earth revolving in a circular
orbit about the sun. Hence work should be done on
the earth.

The necessary centripetal force for circular motion
of earth comes from the gravitational force between
earth and sun.

The ratio of inertial mass to gravitational mass is
equal to one.

20.

21

22.

23.

24.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason
Assertion
Reason

Assertion

Reason

Assertion

Reason
Assertion
Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

The inertial mass and gravitational mass of a body
are equivalent.

Gravitational potential of earth at every place on it
is negative.

Every body on earth is bound by the attraction of
earth.

Even when orbit of a satellite is elliptical, its plane
of rotation passes through the centre of earth.

According to law of conservation of angular
momentum plane of rotation of satellite always
remain same.

A planet moves faster, when it is closer to the sun
in its orbit and vice versa.

Orbital velocity in orbital of planet is constant.

Orbital velocity of a satellite is greater than its
escape velocity.

Orbit of a satellite is within the gravitational field of
earth whereas escaping is beyond the gravitational

field of earth.

If an earth satellite moves to a lower orbit, there is
some dissipation of energy but the satellite speed
increases.

The speed of satellite is a constant quantity.
Earth has an atmosphere but the moon does not.
Moon is very small in comparison to earth.

The time period of geostationary satellite is 24
hours.

Geostationary satellite must have the same time
period as the time taken by the earth to complete
one revolution about its axis.

The principle of superposition is not valid for
gravitational force.

Gravitational force is a conservative force.
Two different planets have same escape velocity.
Value of escape velocity is a universal constant.

The time period of revolution of a satellite close to
surface of earth is smaller than that revolving away
from surface of earth.

The square of time period of revolution of a
satellite is directly proportional to cube of its
orbital radius.

When distance between two bodies is doubled and
also mass of each body is also doubled, gravitational
force between them remains the same.

According to Newton’s law of gravitation, force is
directly proportional to mass of bodies and
inversely proportional to square of distance
between them.

Generally the path of a projectile from the earth is
parabolic but it is elliptical for projectiles going to a
very large height.

The path of a projectile is independent of the
gravitational force of earth.

A body becomes weightless at the centre of earth.
As the distance from centre of earth decreases,
acceleration due to gravity increases.

Space rockets are usually launched in the equatorial
line from west to east.
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Reason The acceleration due to gravity is minimum at the 16 ¢ 17 ¢ 18 ¢ 19 a 20 d
equator.
25. Assertion The binding energy of a satellite does not depend 2 cl 2 o 3 d 4 b % el
upon the mass of the satellite. 26 d 27 b 28 b 29 b 30 a
Reason Binding energy is the negative value of total energy 31 b 32 a 33 z 34 b 35 -
of satellite.
26. Assertion We can not move even a finger without disturbing 3 g 87 d 38 b 39 & 40 b
all the stars. Y| c 42 b 43 c 44 b 45 c
Reason Every k.)ody in this universe attracts every other 46 b 47 a 48 a 49 b 50 a
body with a force which is inversely proportional to
the square of distance between them. 51 a 52 a 53 c 54 a 55 c
27. Assertion If earth were a hollow sphere, gravitational field 56 d 57 a 58 d 59 b 60 c
intensity at any point inside the earth would be
zero. 61 b 62 a 63 c 64 a 65 c
Reason Net force on a body inside the sphere is zero. 66 a 67 d 68 d 69 a 70 a
28. Assertion For a satellite revolving very near to earth’s surface 71 A 72 b 73 b 74 b 75 d
the time period of revolution is given by 1 hour 24
mintes. % a 1 d 718 a 719 a 8 b
Reason The period of revolution of a satellite depends only 81 a 82 a 83 d 84 a 85 b
upon its height above the earth’s surface. P b ar b
29. Assertion A person sitting in an artificial satellite revolving
around the earth feels weightless. e - -
Reason There is no gravitational force on the satellite. Gravitation Potential, Energy and Escape VeIOCIty
30. Assertion The speed of satellite always remains constant in an
orbit. 1 c 2 a 3 d 4 a 5 d
Reason The speed of a satellite depends on its path. 6 a 7 b 8 c 9 c 10 c
31 Assertion The speed of revolution of an artificial satellite " d 12 2 13 b 14 b 15 2
. . -1
revolving very near the earth is 8kms ™. 16 d 17 c 18 a 19 b 20 b
Reason Orblt'al velocity of a ?atelllte, become independent 2 c 22 b 23 a 2 c 25 a
of height of near satellite.
32. Assertion Gravitational field is zero both at centre and 26 b 27 b 28 c 29 c 30 b
infinity. 1 a 32 b 3B c ¥ a 3B c
Reason The dimensions of gravitational field is [LT 72] . 36 d 37 2 38 2 39 e 40 G
33. Assertion For the planets orbiting around the sun, angular
speed, linear speed, KE changes with time, but . ¢ -2 ¢ - . . a -3 a
angular momentum remains constant. 46 b 47 d 48 a 49 a 50 b
Reason No torque is acting on the rotating planet. So its 51 d 52 a 53 c 54 b 55 a
angu]ar momentum is constant.
56 b 57 d 58 d 59 b 60 b
61 c 62 b 63 c 64 c 65 b
n Swe rS 6 b 6 a 6 c 6 a 70 a
Motion of Satellite
Newton’s Law of Gravitation
1 b 2 d 3 d 4 d 5 b
1 a 2 b 3 b 4 b 5 a 6 b 7 b 8 b 9 c 10 c
6 d 7 b 8 c 9 c 10 d 11 b 12 d 13 b 14 a 15 a
1 d 12 a 13 d 14 a 15 d 16 b 17 c 18 d 19 d 20 d
16 b 17 ¢ 18 a 19 ¢ 20 a 21 d 22 b 23 b 24 a 25 a
21 a 22 a 23 e 24 c 26 d 27 a 28 d 29 a 30 a
31 b 32 d 33 a 34 c 35 d
Acceleration Due to Gravity % ¢ 37 d 38 b 39 ¢ 40 b
4 c 42 d 43 a 44 d 45 a
1 d 2 b 3 d 4 a 5 b % ¢ 4 ¢ 4 d 4 b 50
e B ' B B 59 a 5 a 5 a 5 c 5 b
11 c 12 a 13 b 14 c 15 a




Motion

Kepler’'s laws of Planeta




Critical Thinking Questions

1 b 2 ab 3 a 4 5 a
6 c 7 bcd 8 b 9 10 b
1 c 12 c 13 acd 14 15 c
16 c 17 b 18 c
Graphical Questions
1 c 2 c 3 c 4 5 d
6 c 7 c 8 d 9 10 c
Assertion and Reason
1 a 2 b 3 d 4 5 a
6 c 7 b 8 a 9 10 a
1 a 12 a 13 c 14 15 c
16 b 17 b 18 e 19 20 a
21 a 22 c 23 c 24 25 e
26 a 27 a 28 a 29 30 e
31 a 32 b 33 a
Newton’s Law of Gravitation
1 (a)
2. (b) As it depends on the weight of the body.
3. (b) Due to inertia of direction.
4. (b)
5. @)
6. d) Fo« - If r becomes double then Freduces to —
r
7 (b)
m.m
8. () F=G—2 =6.675x 1x1 1 x10™ =6.675x107 N
r
9. (c) Centripetal force provided by the gravitational force of
attraction between two particles
. mv? Gmxm
ie =—
R (2R) \
Gm 0
Sv==_|— m
2V R
1. (d) m=6x10%kg, @=2x10"rads, R=1.5x10"m
The force exerted by the sun on the earth F =m »’R
By substituting the value we can get, F =36 x 102N
n (d)

20.

2L

22.
23.

24.

—
o
Nl

o

LY

MBI~
—_ = =

—_~ =
oo oo
= =
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k represents gravitational constant which depends only on the
system of units.

Force wﬂl be zero at the point ol zero intensity

J8im

r m TV i “15°

_GM _ 6.67x107" x7.34x10%
R? (1.74 x105)2

Actually gravitational force provides the centripetal force.

=1.62N/kg

F oc xm x (L —x)m = xm 2(1 — X)
dF

For maximum force — =0
dx

:>d—F—m —2xm?=0=x=1/2
dx

Gravitational force does not depend on the medium.

4 2
Gx|—aR%p
_GXme7 3 4 2 2

(2R)? 4R? 9

. FocR*

Acceleration Due to Gravity

The value of g at the height A from the surface of earth

2h
14
o'=o[1-2)
The value of g at depth x below the surface of earth
X
r_ 1-2
o=o(1-%)
These two are given equal, hence (1 - %hj = (l - i)

On solving, we get X = 2h

’ |
Time period of simple pendulum T =27 [—
g

In artificial satellite g'=0 .. 7= infinite.
4 R
g=—7mpGR.If p = constant then 9%
3 9 R

/Zh
Time of decentt = |— . In vacuum no other force works
g

except gravity so time period will be exactly equal.
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7. (b
8. (d)
9 (b
10. (b)
1. (c)
12. (@)
13. (b)
4. (c)
15. @)
16. (c)
17. (c)
18. (c)
19. (a)
20. (d)
21. (a)
22. (¢)
23. (d)
24. (b)
25. (a)
26. (d)
27. (b)
28. (b)
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Because acceleration due to gravity increases

Because acceleration due to gravity decreases

GM

We know that g = ?

GM/7_4_g_ig

On the planet g, =
R?/4 7 7

Hence weight on the planet =700 x; =400 gmwt

In pendulum clock the time period depends on the value of g
while in spring watch, the time period is independent of the
value of g.

GM  GM,  4GM,
R?  (D,/2)? D2

—'=%[§ ( MZRT:%

98
2

'

=g =4.9 m/s?

N @

For the condition of weightlessness at equator

\/7 [1 1
=,|[———— =——radls
640x10° 800

g = —— . Since Mand rare constant, so g =9.8 m/s?
r

GM 4
g= ~2 and MzgﬂR3xp

3
:iﬁR ><Gp3 _ 30.
3 R? 47RG

Because value of g decreases when we move either in coal mine

or at the top of mountain.

R
g :iﬂ'pGR LI Yoy
3 9, Ryp,

g =C;—'\2" (Given M, =81M,,, R, =3.5R,))

=m —0.15

e

Substituting the above values,

Value of g decreases when we go from poles to equator.

Because value of g decreases with increasing height.

. 2 2
%:[Rih) :[6423(1064j = ¢'=960.40 cm/s?

g'=g-w’Rcos® 1

Rotation of the earth results in the decreased weight
apparently. This decrease in weight is not felt at the poles as
the angle of latitude is 90-

_GM
9—?-

If radius shrinks to half of its present value then g

will becomes four times.

29.

30.

3L

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42,

43.

44.

(b)

(@ 9=9,— Rw? cos® A - gp—a)zR cos? 60°

. GM
Using g:? we get J, :g/5

1
:gp —ZRCOZ

d g d n-1
—gl1-L =8 og1-L a2 R
: g( Rjjn g[ R]:’ [ n j

If g decrease by one percent then r should be increase by

l% ie R = 1 x 6400 =32 km
x100
R

gzieﬂRpjg_l:uzlxizg

3 9 PR, 2 1 1
g o R 23279 R \_1__R

R+h 4 R+h 2 R+h
=R+h=2R .. h=R

Acceleration due to gravity at poles is independent of

Mass of the ball always remain constant. It does not depend
upon the acceleration due to gravity

GM g 9.8
On = RZ and gmz?ez 5 m/s?

m

=1.63 m/s?

Substituting R, =1.768x10°m, g,, =1.63 m/s?
and G=6.67x10" N-m?/kg? We get

M, =7.65x10%kg

2
g'= g[Rth = when h =R then g':%

So the weight of the body at this height will become one-
fourth.

GM L
g= and K =
R? 21
If mass of the earth and its angular momentum remains constant

1 1
then g oc — and K oc —
R? R?
ie. if radius of earth decreases by 2% then g and K both increases

by 4%.

Weight is least at the equator.

goc—
R 2
Percentage change in g = 2(percentage change in R)
=2x15=-3%
goc—. If radius of earth decreases by 2% then g will

increase by 4% ie. weight of the body at earth surface will
increase by 4%

Mass does not vary from place to place.

GM GM
g=— = R=_|—
R? g

Substituting the above values we get R =1.87 x 10%m

the angular spe



45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

(©)

(b)

()

(d)

Weight of the body at equator = % of initial weight
L g'= E g (because mass remains constant)

g'=g-w?Rcos® 1= gg = g—-w?Rcos?(0°)

2 29 29 2x10
S0 =—>>0=,—=|—T7T77-7—
5R V'SR \/5x64oox103
_7.8x10-¢ 10
sec

h=32km, R=6400km,so h<<R

o253

6400
Same change in the value of g can be observed at a depth x
and height 2x

99
= g'=——g=0.99
J 100 g g

given d =x=10km .. h=2x=20 km

, 2 2
O (RY L _(RY_ o
g R+h 100 (R+h

g W':ixW:ix72=32N
9 9

9'=g-w?Rcos? 1=0 =g—w?Rcos? 60°

2

0og-2 R popl9_ 1 1A g5 qpsrad
R 400 sec sec

9':9[1—1]:9.8[1—£):9.66m/32

R 6400
2
g':g(Rihj =%.Byso]ving/r:ﬁ’
3 gm r Pm

2
— MP Re _ 1 2
gP _ge[MG][RPJ _9.8(8())(2)

=9.8/20=0.49 m/s?
u?sin20

Range of projectile R =
g

if v and @ are constant then R oc —

== T="—SR, =—=R 5R

Re O, R, 02 0.2 "

Rm ge Rm 1 Re

57.

58.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

7.

72.

73.

74.

@

()

@

@
(d)
(d)

@

@

@
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For condition of weightlessness of equator
w=]9 -1 195,103
R 800 S

gogf R Vo L_ R
R+h J2 R+h

= R+h=+2R =h=(2-1)R=0.414R

gx pR
u? Hy g
H=—>Hoex—-= £ =24
2g g Ha Og
NowgB:g—AaSgoch
12
. Hg _9a

8 94 o H, =12xH, =12x1.5=18m
Ha Og

, R
oo

R+h) :( i]z

1+—
R

g :%;rpGR:g o« dR (p=d giveninthe problem)

Inside the earth g'= %ﬂ'pGl’ coglecr

2
R 4 4
= =2g LW=_W
‘ g(R+hj 9 ¢ 9

gocp

g=gf = 2—g i 2—ig
R+h 3R/2 9

'.W':ixmg:MZSSON

9 9
R

g:iﬂGpR :>goch:>g_e:&X_e

3 9n  Pm Ry
R

L85, Rig 5

1 3 R, 18

g=9 R 2’9 2*2
R+h R+ 2R 9

For height 23 x100% = %h = 1%
g

For depth 29 x100% = 3 = M Log _ 0506
g R R 2

GM
As §=—0fr therefore 1% decrease in mass will decreases the
R

value of g by 1%.
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76.

77.

78.

79.

80.

8.

82.

83.

84.

85.

86.

(d)

(b)
(b)
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But 1% decrease in radius will increase the value of
2%.

As a whole value of g increase by 1%.

Rt Rt

g by

R
>R, =—=—
2 2
9 _P x ﬁ - § x E =1
9 p R, 23
Because the body weighs zero in satellite
Radius of earth R = 6400 km .. h= ;

Acceleration due to gravity at a height A

2
Gh =9 R Y =9 R
" \R+n) 7 RL.R
+ J—
4
At depth 'd value of acceleration due to gravity

16
25

Oy = %gh (According to problem)

472l 25 R) 2\25

By solving we getd = 4.3 x 10°m
g'=g-w’Rcos? 1
For weightlessness at equator 4 =0° and ¢'=0

.’.O:g—a)zR:>a): g 1 rad

R~ 800 sec
Weight on surface of earth, mg =500 N

and weight below the surface of earth at d = %
d 1 mg
mg'=mg|l-—|=mg|l-=|=—-=250N
o -mafi-g)-ma(1-3)-3

g Z%ﬂGRp and @' Z%ﬂGR'p

' '

9 R 52 go02g
g R

9o My (R} _(L)(2_4_ 4
g M, (R, 91 g Im =90k

—xW

n =g W :%x90=40kg

g'=9 —CUZR, when @ increases g’ decreases.

g M R?2 1 4 2
=X =X =—
g M R’ 2 1 1
Acceleration due to gravity at latitude A is given by

9'=g—-Rw?cos® A

87. (b

At 30°, gs0- =g —Rw? cos® 30° =g —%sz

3
S g—0g = szR.

Acceleration due t ity 9. M
cceleration due to gravi = .. — —
g g R? G RZ

Gravitational Potential, Energy and Escape Velocity

1. (c)

3 ()
4 @)
5 )
6. @)
7 (b)
8 (c)
9 (c)

__mgh
1+h/R
Substituting R =5h we get AU = _mgh_ = Emgh
1+15 6
_—dv

——_
dx

If V=0 then gravitational field is necessarily zero.

Gravitational potential =I ldx = Jm Lsdx
X X
341 % o
—k| X I S I S
-3+1 2x2|,  2x?
X
U:_GMm
r
779107 - 6.67x107 x7.4x10% x6x10%
r
=r=38x10°m
AU = mgrr: _ mg;g _ nmgR
1+— 1+— n+1
R R
Gravitational potential at mid point
_-GM,  GM,
S d/2 0 di2
Now, PE =m xV = —2C™ (M, + M,)

d
[m = mass of particle]
So, for projecting particle from mid point to infinity
KE = PE|

:%mvz ZZGTm(MlJrMZ) —v=2 fw

Potential energy of the 1 kg mass which is placed at the earth

surface = — ﬂ
R
its potential energy at infinite = 0
.. Work done = change in potential energy = %
Gx100 Gx10000 10 100 1
= S = sx=—m
x?2 a-x)? X 1-x 11



20.

21.

22.

(d)

(b)

(d)

(b)

(b)

(b)

mgh mgR mgR

AU=U, -U, = = Rez 29
1+— 1+-2%
Re Re

mgR
—(-mgR,) = 9%

v, = |ZM _100=EM _ 5000
R R

GMm

= U, = —%nge

Potential energy U = — - -5000J
1+— 1+— 4
R
Potential energy U = ~GMm - _ GMm
r R+h
GMm ~GMm
o dU.  —_
intial an final R
GMm GMm GMm

Loss in PE = gain in KE = - =
2R 3R 6R

If body is projected with velocity v (v <V,)then

height up to which it will rise, h = ZR
Ve
- -1
V2
v R R R
v=-% (given) .. h= = =—
5 (given) 3

Change in potential energy in displacing a body from I; to T,

is given by
AU = GMm i_i :GMm[i_ijz GMm
R 2R 3R) 6R
1 , 1
—mv{ =—m 2gR =mgR
5 MVe =5 g g
K.E.:GMm
2R

| =—— .1f 7= 0 then V= constant
dr

This should be equal to escape velocity 7e.{/2gR

2GM
Ve = i.e. escape velocity depends upon the mass and
R

radius of the planet.

2GM 8
v \/T } R\/E”G”

If mean density is constant then V, < R

23.

24.

25.

26.

27.
28.
29.

30.

3L

32.

33.

34.

35.

36.

37.
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Escape velocity does not depend on the mass of the projectile

Yo gp = V2x2=2

Ve 9e Re

=V, =2xV, =2x11.2=22.4 km/s

2GM 8
Ve :JT = R\/EﬂGp

Since the planet having double radius in comparison to earth

V, o R if p = constant

therefore the escape velocity becomes twice ie. 22 km/s.

If missile launched with escape velocity then it will escape from
the gravitational field and at infinity its total energy becomes
zero.

But if the velocity of projection is less than escape velocity then
sum of energies will be negative. This shows that attractive
force is working on the satellite.

Because it does not depend on the mass of projectile
Ve = \/EVO, i.e. if the orbital velocity of moon is increased

by factor of \/E then it will escape out from the gravitational
field of earth.

2GM

o = = =V, N if R =constant

If the mass of the planet becomes four times then escape
velocity will become 2 times.

ZGM
Escape velocity V, —_—
=\ 81 =4.81
M R
2GM M
e= g Ve R

If mass and radius of the planet are three times than that of

earth then escape velocity will be same.

Potential energy of a body at the surface of earth

2
pg__GMm _ gR'm
R R

- —500x9.8x6.4x10%- —3.1x10%J

So if we give this amount of energy in the form of kinetic
2 G M
Escape velocity V =

=V, =5V, =5x11.2 =56 km/s

v M

_p: _px&: 6)(1:\/5 R
. M, R, 2

energy then body escape from the earth.

=\3v,



38.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.

5.

52.

53.

54.

()

(b)

(d)

@

(b)

(d)

434 Gravitation

v R
Yo _ 9, % _ foxa-6.. V, =6xv, =67.2km/s
Ve e e
v M, R
Lo PP /BXE:Z.'.vp:2><ve:22.4km/s
Ve M., e 2
2GM M
Ve =y T Ve Ty

If M becomes double and R becomes half then escape velocity

becomes two times.

2GM
R

On earth Vv, = =112 km/s

2GM x 4 _g\/zelvl

On moon Vm:\/ 81xR 9 R
X

:§x11.2:2.5 km /s

. 2GM
Escape velocity V = =

If star rotates with angular velocity @

v 1 [26M /ZGM
then w =—=— [— =
R RV R R®

Escape velocity from surface of earth v, =,/2gR

- V2x9.8x6.4x10% =11.2x10° m/s

v M
Yo _ |MeRe _ (1000)x(iJ =10
v |M, R, 10

vp, =10x11.2 =112 km/s

Vv, = R‘/%an SV o R\/;

2GM
V, = |[——
(R+h)

=,/2gR. If acceleration due to gravity and radius of the
planet, both are double that of earth then escape velocity will
be two times. i.e. V, = 2V,

v=y20R = X—A— = Jk, %k, = Jkk,
B B

2GM 2x6.67x107" x6x10%
TR T R

By solving R =9 mm

R R R

If R becomes Z then Vv, will be 2 times.

=3x10°8

V, o€« —

) JE

55.

56.

57.
58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

v 9o R, 1 1
@) v=420R=> L= [ x_—t = /Zx—:—
Ve Qe Rp 4 \/E

Vv
CyL = 8

"2
) veRp - 2 Ro [Po 451
Ve Re | pe

=12v,

=V,

(d) Escape velocity does not depends upon the angle of projection.

(d)

(b) Escape velocity is independent of mass of object.

(b) v:,/ZgR:V—p 9o S ixa =2

Ve ge Re
LV, =2V,
M gp —f1xa
() V=429R => —= 1x4 =2
Ve ge Re
=V, =2xV, =2x11.2=22.4 km/s

(b) Vv =4/29R . If gand R both are doubled then v will becomes
two times 7e 112 x 2 = 22.4 km/s

Tl

(c) Velocity of body in inter planetary space V'=4/V° =V

() v=R —7z'pG :>

where V , = escape velocity and

v = velocity of projection

= \f(zves)2 _Vezs =

(b) Potential energy of system of two mass

U —GMm  -667x10™" x100x10x10~*
R 10x1072

U=-6.67x10"1y

So, the amount of work done to take the particle up to infinite

will be 6.67 x107°

W = v=4y3 v,

GMm
(b) For a moving satellite kinetic energy = >
r
. -GMm
Potential energy =
r

. _Kineticenergy 1
" Potentialenergy 2

(a) Due to three particles net intensity at
the centre

I=l,+lg+1c=0

because out of these three intensities
one equal in magnitude and the angle
between each other is 120°.

(c) voz%:%:ﬁkm/s




69.

70.

(a) Potential at the centre due to single mass =

(b)

(b)

—GM
L2

Potential at the centre due to all
four masses

v =,2gR

‘/ =JgxK = (Kg)*?

Motion of Satellite

e =+29R and v, :\/g_R \/Evo =V,

Ve = ’GM
0 r
/GM gR?
Vg =,|— =
r R+h
Centripetal acceleration works on it.

GM .
V= [—if L >T1, then V; <V,
r

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

T ocrd/?
(2) times.

. If r becomes double then time period will becomes

So new time period will be 24 x 2\/5 hrie T = 48\/5

K.E. required for satellite to escape from earth's gravitational

2
feld lmvg :lm }M _GMm
2 2 R R

K.E. required for satellite to move in circular orbit

2
/GM GMm

m . — | =
[R 2R

The ratio between these two energies = 2

1 , 1
—mvy =—
2 2

The velocity of the spoon will be equal to the orbital velocity
when dropped out of the space-ship.

Vo:\/g_R

Telecommunication satellites are geostationary satellite

-l

Da 3V 1o ey

20.

2L

22.

23.

24.

25.

26.

27.

28.

(d)

(d)

(b)

(b)
@
@

(d)

(@)
(d)
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GM
V=
R+h
For first satellite h=0, v, = %
For second satellite h=—, v, = ZG—M
3R

ol

2 31 3

v=‘G—M K.E.ocvzocl and T? oc1?
r r

. K.E.ocT?/3

MT2 omT2 |°
T =271 ]— =r? =r= 5
4z

Vv oc T The speed of satellite decreases with an increase in
r

the radius of its orbit.

Voo —.

Jr

1
% increase in speed = 2 (% decrease in radius)

= l(l%) =0.5%
2
i.e. speed will increase by 0.5%

GM
r

1
Voo —.

Jr

velocity will become half. ie. % =3.5km/s

If orbital radius becomes 4 times then orbital

Orbital radius of satellitess ; =R+ R =2R
r,=R+7R=8R

-GM -GM
U, = GMm and U, = GMm
n I
M M
K, = GMm and K, = GMm
2r, 2r,
M M
E, = GMm and E, = GMm
2r, 2r,
Ul Kl _ El
U, K, E;

Escape velocity is same for all angles of projection.

2
Orbital velocity Vy = "% = 1’ gR and Vj =Tw
r r



29.
30.

3
32.
33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.
46.

47.

(d)

436 Gravitation
2
This gives ré= F\;)Zg

Due to inertia it will continue to move along the original path

of the space craft.

R +h)? R
M) Ty = 2;;1/—( G+M) - 2;:\/%
(i) Tpa = ZE\/E
g

(i) Ty =27

(iv) Tis = ZEJE
g

1
Ve —, If r=R then V=V,

Jr

[As h<<Rand GM = gR?]

[As /= R]

[As | = ]

V,
If r=R+h=R+3R =4R then v=7°=o.5v0

6R from the surface of earth and 7R from the centre.

TZ _471'2

r®. If G is variable then time period, angular

velocity and orbital radius also changes accordingly.

3 3
Teze (O o [ R
gR gR 9
3 2
T=2m|t =12 =2 Rohy?
GM GM

= R+h= {
respectively.

T Ry

, L3 , L

GMT GMT~- |3

5 =h= e -R
T

Distances of the satellite from the centre are 7R and 3.5R

A

T, (R,)" 35R)"?
_2:(—2] 3T2:24(—7'Rj =6v2hr

,_ [om _\/6.67x10‘“x6x1024
r

% change in T = % (% change in R) = % x(2)% = 3%

=1km/s

384000x10°

grR*>
P

J

10 % (64 x10°)?

8000x10°

48.

49.
50.

51

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

@

()

(b)

(b)
(b)

(d)

(d)

(b)

=715%x102m/s=7.15km/s

Total mechanical energy of satellite
4r 12

_GMm __ En M Tg 3 4r 12
2r Eg mg 1, 1 r 1

E

Gravitational force provides the required centripetal force for
orbiting the satellite

2
mv_ _ 5 because | F oc l
R R R
. Voo R®

Total energy = — (kinetic energy) = — % Mv?

Binding energy = — kinetic energy
And if this amount of energy (E,) given to satellite then it
will escape into outer space

-GMm GMm -GMm

Potential energy =

" R,+h 2R,
gRZm 1
= ——— =——mgR, =-0.5mgR
2Re 2 g e g e
B.E. = —Gm. If B.E. decreases then ralso decreases and v
r

increases as V oC —

Jr

Time period of communication satellite T, =1 day

Time period of another satellite = T

3/2
T r
2s | s =4)%? =T, =T, x(4)*'? =8 days.
Te fe
Angular momentum is conserved in central field.
T?cr®

2

T
T2 oC R3 .. —= = constant
R3

3/2
T, =T1[';—2] =T,(4)%? = 8T, = 40hr
1

Given that, T; =1 day and T, =8 days

3/2 2173 2/3
(B L R_[L) _(8) _y4
T n n T 1

= r, =4 =4R

Ve _ [Ta _ /ﬂfz
Va g R

= Vg =2xV, =2x3V=06v
Gravitational force provides the required centripetal force

2
GMm _ 4z® GM _ . .o

RS = T2 R*

m?R =



65.

66.

67.

b) v, =v2v, =1.414 v,
. . . . . [ Av
Fractional increase in orbital velocity | —
Vv

V, =V
=—=—0-0414
Vo
.. Percentage increase = 41.4%
(c) Time period of revolution of moon around the earth

= 1 lunar month.

T r 3/2 1 3/2
_5_(_5j :(E) 3TS=2’3/2 lunar month.

I

(d)

Kepler’s Laws of Planetary Motion

T, (R (108)"
© _1:[_1] :( J = (1000)'2 =10/10

T, R, 10%?

(c) Areal velocity of the planet remains constant. If the areas A and

Bare equal then t; =1t,.

3/2 3/2
(c) T_lz(&J :( R] 3T2:8T1

T, (R, 4R
(b)
(c)
N2 3
(b) Since T2 cr® ., T— = l :T’:lT
T 4 8

(b) Kinetic and potential energies varies with position of earth
w.r.t. sun. Angu]ar momentum remains constant every where.

()
(¢) Angular momentum remains constant
vady
mv,d; =mv,d, =>v, = —=——
d,
(b) Orbital radius of Jupiter > Orbital radius of Earth
\' I
L As ry >r, therefore v; <v,
Ve My
T r 3/2
d T?ari=-t {A]
2 I
dA L
(b) —— =—— =constant
dt 2m

() The earth moves around the sun is elliptical path. so by using
the properties of ellipse

n=@Q+e)aandr,=(»1-¢€)a

n+r

—a= and 1r, =(1-e?)a®

where a = semi major axis
b = semi minor axis

e = eccentricity

20.

21

22.
23.

24.

25.

26.
27.

28.

29.

30.

31

32.

—~ =
Ll n
= =

—
Ll
=
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2
Now required distance = semi latusrectum = —

_ az(l_ez) _ (nr) 2nn,
a (n+r)/2 n+r

For first satellite ; =R and T; =83 mirute
For second satellite I, =4R

3/2

r

T, =T (_2] =T, (4)3/2 =8T, =8 x 83 =664 minutes
1

Angular momentum = Mass xOrbital velocity xRadius

=mx[ C;M JxRO =m,/GMR,

0

T? §
—3~ = constant =T2r - constant
r
3/2
T r
plant plant 3/2 . —
Ty =(1.588)""" =2 .. Tpane =2Year
earth Fearth

Mass of the satellite does not effects on time period

T_A_ r_13I2_ L3/2_ 11/2_ 1
Tg K 2r 8 22

Speed of the earth will be maximum when its distance from the
sun is minimum because MVI = constant

3/2 3/2
T r r
_A:(_AJ -8 :(ij =7, =(8)2/3rB = 4r,.

Tg g g

T
T2 oc r®. 1f rmade half then 7' will become E
Mass of satellite does not affects on orbital radius.

3/2
T
_Zz(r_zJ :(2)3/2 :2\/53 T, :2\/5 years.

T, n

By conservation of angu]ar momentum mvr = constant

Viin X max = Vmax X Fmin
60x1.6x10% 60
Vpgip = ———————=—=12m/s
8x10 5
Dpody =27®¢yn
1 1
T2 ocr3 :a)2 L—>2>2WC——— .. [ C———
r3 r3/2 0)2/3

2/3 2/3
_, Tooty _ [ @eann {L) 1
r-earth a)body 27 9

Time period does not depends upon the mass of satellite.

T2 T 1
?—F—W—constant

. nfdf = n§d§ [where n = frequency]
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35.

36.

37.
38.

39.
40.
41.

42.

43.

45.

46.

47.

48.

49.

50.

5.

a) During path DAB planet is nearer to sun as comparison with
g p p p
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 Cis maximum from the sun.

3/2
) T, :T{%J =1x(2)*"* =2.8 year

1

(d) L:mvr:m‘[ﬂr:m GMr .. Locr
r

dA L dA )
— =——=—0o VI oCc @I
dt  2m dt

) (R.) (2R )
@@ T?«<R? :{_PJ {_P] {_Ej
TE RE RE

= e _@prz_22
TE

= Tp =2/2 x365 =1032.37 - 1032 days

()
(d) For central force, torque is zero.
dL
T=—=0 = L= constant
dt

i.e. Angular momentum is constant.

Vmax _1+€ 1+0.0167

(b) = = =1.033
Viin  1-€ 1-0.0167
2
25 GMm 27 _ GM
(@ meR= =7 [?j R_?
(b) :G1/2M1/2R—1/2
(b)

GM
V: —_—
R
V=‘ % if p >, then VvV, <V,
2Gm
r

(c) Escape velocity for that body vV, =

_4rn°R®
GT?

V. should be more than or equal to speed of light

. [2Gm
ie. >C
V or
o L_(n TN g
) —2-|-2 . —=
T, n 4 8

Critical Thinking Questions

(b) For revolution of planet centripetal force is provided by

gravitational force of attraction

1

mw?R c R5/2 = ZocR77/2:>TzocR7/2
T

(a, b) g:%;szr Sogoer ifr<R
g:ﬂ goci if r>R
r? r2
F r
1 <R and I, <R thent =L -1
F, g, n

2
F r.
Ifr, >R and I, >R thenF—l:g—1=[—2j

_ Gm(M —m)

I,2

(b) F

For maximum force — =0
dm

d [GmM szJ
=

dm r2 r2

2
@ mae’R « Lo m(“” JR o« —= T?acR"™
R" T? "
n+l
o R(T]
() g= C;—l\z/l If mass remains constant then { oc F

% increase in g = 2(% decrease in R) =2 x 1% = 2%.

GM ’ZGM -GMm
(b, C, d) g:?,ve = T and U= R
M M M
.. gm?,ve oc H and UOCF

If both mass and radius are increased by 0.5% then V, and U/

remains unchanged where as g decrease by 0.5%.
(b) 9'=g-w?Rcos? A
For weightlessness at equator A =0 and g'=0

. 0=g-0°R = 0= g=iid
R 800 s

(d) 1f acceleration due to gravity is g at the surface of earth then at

2
height R it value becomes ¢'= g( R j -9

R+h 4
T, =2 land T,=2r1 I ...T_2:2

g g/l4 T,
b aU="90 LR h=R)

h 2

1+—

R

(c) Potential energy = 2 x (Total energy) = 2E,
-GMm -GMm

Because we know = U =

and E, = 2
r

() AK.E. =AU



(a ¢

(b)

(b)

:>1MVZ:GMGM 11 )
2 R R+h
Also g = GRNZI‘* (i)
R

On solving (i) and (i) h= zgR—
vE o

d) Since cavities are symmetrical w.r.z O. So the gravitational
force at the centre is zero.

The radius of the circle z2 +y2 =36 is 6.

For all points for I > 6, the body behaves as if whole of the
mass is concentrated at the centre. So the gravitational
potential is same.

Above is true for 2% + y2 =4 as well.

Let velocities of these masses at r distance from each other be
V; and V, respectively.

By conservation of momentum

myv; —myv, =0

=MV, =m,V, (i)
By conservation of energy

change in P.E=change in K.E.

Gmym 1 1
— L2 v} +Em2v§

r 2
mivi  mzv; _2Gmum, )
+ = (i)
m, m, r

On solving equation (i) and (ii)

2Gm? 2Gm?
Vi = [/——— and V, = |——
rmy +m,) rmy +m,)
2G
"~ Vapp = Vil +] vyl = T(ml +m,)

Kinetic energy = Potential energy

Lnyy2 =MD L2 ogr - MO
2 h 2
1+— 1+—
R
2
—h= Rk .
1-k
Height of Projectile from the earth's surface = A4
, Rk?
Height from the centre r=R+h =R + T2
By solving I = ——
R
In the problem orbital radius is increased by 1%.

Time period of satellite T oc r3/2

Percentage change in time period

1%) =1.5%

N | w

= E (% change in orbital radius) =

According to Kepler's third law, the ratio of the squares of the
periods of any two planets revolving about the sun is equal to
the ratio of the cubes of their average distances from the sun

re.

—
N
~
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7.V (v [rn T T

1 | || = 1 -
7)) ] o
2 2 21 2

T, - T, 365 days

22 22

3/2 3/2
-
_2 _ 2 31'2:24[6400) = 2hour
T, rn 36000

=129 days

Graphical Questions

gocr (ifr<R) and goci2 (if r> R)
r

2
-Gm r -GM -GM
Vin = 2R [3 _(Ej }' Veurface = R Now = r

For hollow sphere

-GM -GM -GM
in :T'Vsurface :T7 out :T

V

i.e. potential remain constant inside the sphere and it is equal
to potential at the surface and increase when the point moves
away from the surface of sphere.

F=0 when 0<r<R;
because intensity is zero inside the cavity.

Fincrease when R; <r<R,

Foci when >R,
r2

Intensity will be zero inside the spherical shell.
1

/=0 upto r=aand |OC—2 when I >a
r

Initially the weight of the passenger = 60 x 10 = 600 N
Finally the weight of the passenger = 60 x 4 =240 N

and during the flight in between some where its weight will be
zero because at that point gravitational pull of earth and mars
will be equal.

Kepler's law T? xR?®

The system will be bound at points where total energy is
negative. In the given curve at point A, B and C the P.E. is
more than KE.

:fGMle:GMm and E:fGMm

r 2r 2r

U

For a satellite K and E varies with r and also ¢/ and E
remains negative whereas K remain always positive.

Gravitational P.E. = m x gravitational potential

U=mV So the graph of U/ will be same as that of V for a
spherical shell.

Assertion and Reason
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According to Kepler's third law T 2 ocr’

If ris small then 7 will also be small.

LTI

e

For two electron ie. gravitational force is

negligible in comparison to electrostatic force of attraction.
The universal gravitational constant G is totally different from
g
_FR?
Mm

The constant G is scalar and posses the dimensions

ML3T?].

_GM
" RZ

g is a vector and has got the dimensions [M oT 72].

It is not a universal constant.

M
Acceleration due to gravity is given by g = R Thus it does

not depend on mass of body on which it is acting. Also it is not
a constant quantity it changes with change in value of both M
and R (distance between two bodies).

If a pendulum is suspended in a lift and lift is moving
downward with some acceleration a then time period of

’ |
pendulum is given by, T =27 |—— .
g—a

In the case of free fall, a=( then T =00

i.e, the time period of pendulum becomes infinite.

The value of g at any place is given by the relation,
g’ =g-w?R, cos® 4

When A is angle of latitude and @ is the angular velocity of
earth. If earth suddenly stops rotating, then @ =0

2. @' = (g ie, the value of g will be same at all places.

Acceleration due to gravity,
g’ =g—Rw?cos? A

At equator, 4 =0° je C0s0°=1.. g, =g= Rw’

At poles, 4 =90° ie €c0s90°=0 .. 9, =9

Thus, g, -0, =9—g+Re’ =R’

Also, the value of g is maximum at poles and minimum at
equators.

As the rotation of earth takes place about polar axis therefore
body placed at poles will not feel any centrifugal force and its
weight or acceleration due to gravity remains unaffected.

Earth revolves around the sun in circular path and required
centripetal force is provided by gravitational force between
earth and sun but the work done by this centripetal force is
zero.

Inertial mass and gravitational mass are equivalent. Both are
scalar quantities and measured in the same unit. They are quite

different in the method of their measurement. Also

20.

21

22.

e
n m
- —

gravitational mass of a body is affected by the presence of
other bodies near it where as internal mass remain unaffected.
Because gravitational force is always attractive in nature and
every body is bound by this gravitational force of attraction of
earth.

As no torque is acting on the planet, its angular momentum
must remain constant in magnitude as well as direction.
Therefore, plane of rotation must pass through the centre of
earth.

According to Kepler’s law of planetary motion, a planet revolves
around the sun in such a way that its areal velocity is constant.
i.e., it move faster, when it is closer the sun and vice-versa.

Escape velocity = \/E x orbital velocity.

Due to resistance force of atmosphere, the satellite revolving
around the earth losses kinetic energy. Therefore in a particular
orbit the gravitational attraction of earth on satellite becomes
greater than that required for circular orbit there. Therefore
satellite moves down to a lower orbit. In the lower orbit as the

potential energy (U = —GMmM /r) becomes more negative,

Hence kinetic energy (EK :GMm/Zr) increases, and hence
speed of satellite increases.

If root mean square velocity of the gas molecules is less than
escape velocity from that planet (or satellite) then atmosphere
will remain attached with that planet and if Vg >Vegane

then there will be no atmosphere on the planet. This is the
reason for no atmosphere at moon.

As the geostationary satellite is established in an orbit in the
plane of the equator at a particular place, so it move in the
same sense as the earth and hence its time period of revolution
is equal to 24 hours, which is equal to time period of
revolution of earth about its axis.

The total gravitational force on one particle due to number of
particles is the resultant force of attraction (or gravitational
force) exerted on the given particle due to individual particles.

ie, F=R+KE+FK+.. It

superposition is valid.

means the principle of

2GM

As, escape velocity = , so its value depends on mass

of planet and radius of the planet. The two different planets
have same escape velocity, when these quantities (mass and
radius) are equal.

According to kepler's law T 2ol R+ h)3

i.e. if distance of satellite is more then its time period will be

more.

According to Newton’s law of gravitation,

Gmym
F= + . When m;, M, and I, all are doubled,
r
G(2m,)(2m Gm;m
F= ( 1)(2 2) = 12 Z | je Fremains the same.
2n r

Upto ordinary heights, the change in the distance of a projectile
from the centre of earth is negligible compared to the radius of
earth. Hence the projectile moves under a nearly uniform
gravitational force and the path is parabolic. But for the
projectiles moving to a large height, the gravitational force
decreases quite decreasing variable force, the path of the
projectile becomes elliptical.
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24.
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26.

27.

28.

29.

30.
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32.

33.

(©)

(b)

@)

(b)

As the distance from centre of earth decreases, acceleration due
to gravity decreases and at the centre of earth it becomes zero.

g':g[l—%j. If d =R then g'=0

We know that earth revolves from west to east about its polar
axis. Therefore, all the particles on the earth have velocity from
west to east.

This velocity is maximum in the equatorial line, as V=R,
where R is the radius of earth and @ is the angular velocity of
revolution of earth about its polar axis.

When a rocket is launched from west to east in equatorial
plane, the maximum linear velocity is added to the launching

velocity of the rocket, due to which launching becomes easier.

GMm
Binding energy = R " [Total energy of satellite]

and it is clear that it depends upon the mass of the satellite.
According to Newton’s law of gravitation, every body in this
universe attracts every other body with a force which is
inversely proportional to the square of the distance between
them. When we move our finger, the distance of the objects
with respect to finger changes, hence the force of attraction
changes, disturbing the entire universe, including stars.

Intensity inside a hollow sphere is zero, so force is also equal to

zero. IE = mE

The time period of satellite which is very near to earth is given

by

T= 27[\/E284 min=1hr. 24 min
g

A person feels his weight only when the surface on which he is
standing exerts a reactionary force on him. Because the
acceleration of the person and that of the satellite revolving
round the earth are equal (= g), hence acceleration of the
person with respect to the satellite is zero.

Therefore person feels weightless on satellite, although the
gravitational force is acting on a satellite.

If the orbital path of a satellite is circular, then its speed is
constant and if the orbital path of a satellite is elliptical, then
its speed in its orbit is not constant. In that case its areal
velocity is constant.

g
Yo =ReyR Th
e

For satellite revolving very near to earth R, +h=R,
As (h<<R)

V, =R,g = V64 x10° x10 =8x10°m /s =8kms

Which is independent of height of a satellite.

- dL
The torque on a body is given by 7 = Ty
In case of planet orbiting around sun no torque is acting on it.

dL

—=0 = [ = constant.
dt
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Gravitation g7 Self Evaluation Tes! -8

Two identical spheres are placed in contact with each other. The
force of gravitation between the spheres will be proportional to (R =
radius of each sphere)

@@ R (b) R?

() R? (d) None of these

Suppose that the force of earth's gravity suddenly disappears, choose
the correct answer out of the following statements

(@) The weight of the body will become zero but mass remains the
same

(b) The mass of the body will become zero but the weight remains
the same

(c) Both the mass and weight will be the same

(d) Mass and weight will remain the same

An earth satellite is moved from one stable circular orbit to a
further stable circular orbit, which one of the following quantities
increase

(b) Gravitational P.E.

(d) Centripetal acceleration

(@) Gravitational force

(c) Linear orbital speed
Two planets revolve round the sun with frequencies N; and N,
revolutions per year. If their average orbital radii be R; and R,

respectively, then R, / R, is equal to

(@) (Ny/Np)?*? (b) (N, /N2

(€) (Ny/ N () (N, /Ny?'®

There is no atmosphere on the moon because

(@) 1tis closer to the earth

(b) 1t revolves round the earth

(c) 1t gets light from the sun

(d) The escape velocity of gas molecules is lesser than their root
mean square velocity here

Two heavenly bodies S; and S, , not far off from each other are

seen to revolve in orbits

(@) Around their common centre of mass

(b) Which are arbitrary
(¢) With S; fixed and S, moving round S;

(d) With S, fixed and S; moving round S,

The mass of the moon is about 1.2% of the mass of the earth.
Compared to the gravitational force the earth exerts on the moon,
the gravitational force the moon exerts on earth

(b) s smaller
(d) Varies with its phase

(@) s the same
(c) s greater

A clock S is based on oscillation of a spring and a clock P is based
on pendulum motion. Both clocks run at the same rate on earth. On
a planet having the same density as earth but twice the radius

(@) S will run faster than P

(b) P will run faster than S

() They will both run at the same rate as on the earth
(d) None of these

Consider earth to be a homogeneous sphere. Scientist A goes deep
down in a mine and scientist B goes high up in a balloon. The value
of g measured by

(@) A goes on decreasing and that by B goes on increasing
(b) B goes on decreasing and that by A goes on increasing
(c
(

) Each decreases at the same rate
d) Each decreases at different rates

The mass of the moon is % of the earth but the gravitational pull

is % of the earth. It is due to the fact that
. . 81
(@) The radius of the moon is r3 of the earth

(b) The radius of the earth is 2 of the moon
J6

(c) Moon is the satellite of the earth
(d) None of the above

A weight is suspended from the ceiling of a lift by a spring balance.
When the lift is stationary the spring balance reads W. If the lift

suddenly falls freely under gravity, the reading on the spring balance
will be

(@ w (b) 2w
() W2 (d) o
If a planet consists of a satellite whose mass and radius were both

half that of the earth, the acceleration due to gravity at its surface
would be (g on earth = 9.8 mysec )

() 4.9m/sec? (b) 8.9m/sec?

() 19.6m/sec? (d) 29.4m/sec?

At a given place where acceleration due to gravity is ‘g’ m /sec?, a
sphere of lead of density ‘d kg Im® s gently released in a column
of liquid of density ' p' kg /mé.fd > P, the sphere will

(a) Fall vertically with an acceleration ‘g’ m / sec?

(b) Fall vertically with no acceleration

(c) Fall vertically with an acceleration ¢ (d%pj

(d) Fall vertically with an acceleration ¢ [?J

ge and g, denote the acceleration due to gravity on the surface of

the earth and another planet whose mass and radius are twice as
that of earth. Then

(@) 9p =0 (b) 9p =0e /12

(c) 9p :de (d) 9 :ge/4

If the value of g at the surface of the earth is 9.8 m / sec? , then
the value of g at a place 480 km above the surface of the earth will
be (Radius of the earth is 6400 km)



20.

21.

@) 8.4m/sec? (b) 9.8m/sec?

() 7.2m/sec? (d) 4.2m/sec?

The acceleration due to gravity about the earth's surface would be
half of its value on the surface of the earth at an altitude of (R =

4000 mile)
(@) 1200 mile (b) 2000 mile
(c) 1600 mile (d) 4000 mile

A pendulum clock is set to give correct time at the sea level. This
clock is moved to hill station at an altitude of 2500 77 above the sea
level. In order to keep correct time of the hill station, the length of
the pendulum

(@) Has to be reduced

(b) Has to be increased

(@) Needs no adjustment

(d) Needs no adjustment but its mass has to be increased

At some point the gravitational potential and also the gravitational
field due to earth is zero. The point is

(@) On earth's surface

(b) Below earth's surface

() At a height R, from earth's surface (R, = radius of the
earth)

(d) At infinity

A body falls freely under gravity. Its speed is v when it has lost an
amount U of the gravitational energy. Then its mass is

2
@ 29 b L
v g
2U
© = (d 2Ugv

The ratio of the radius of the earth to that of the moon is 10. The
ratio of acceleration due to gravity on the earth and on the moon is
6. The ratio of the escape velocity from the earth's surface to that
from the moon is

(@) 10
() Nearly 8

®) 6
d) 166

Escape velocity from the moon surface is less than that on the earth

surface, because
(@) Moon has no atmosphere while the earth has

(b) Radius of moon is less than that of the earth

22.

23.

24.

25.

26.

27.

—
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() Moon is nearer to the sun
(d) Moon is attracted by other planets

The ratio of the radius of a planet ‘A’ to that of planet ‘B is ‘/. The
ratio of acceleration due to gravity on the planets is ‘¥. The ratio of
the escape velocities from the two planets is

@) xr ®) V=

(€ rx (d) é

Time period of revolution of a nearest satellite around a planet of
radius R is 7. Period of revolution around another planet, whose
radius is 3R but having same density is

@ T (b) 37T

(©) oT ) 33T

The maximum possible velocity of a satellite orbiting round the
earth in a stable orbit is

@ V2R.g (b) VReg

R

> (d) Infinite

()

A man inside an artificial satellite feels weightlessness because the
force of attraction due to earth is

(@) Zero at that place

(

b)
(c) Equal to the centripetal force
d)

(

Two identical satellites A and B are circulating round the earth at
the height of R and 2R respectively, (where R is radius of the earth).
The ratio of kinetic energy of A to that of Bis

Is balanced by the force of attraction due to moon

Non-effective due to particular design of the satellite

@ = (b)

(€) 2 (d)

N
Niw w|N

The mean radius of the earth's orbit round the sun is 1.5x10™ .
The mean radius of the orbit of mercury round the sun is

6x10° m . The mercury will rotate around the sun in

(@) A year (b) Nearly 4 years

(¢) Nearly % year (d) 2.5 years

S Answers and Solutions

4 2
M x M GX[EﬂR3p) RS
skl Fo o R

= =
R? (2R)? R?

() F=G

(SET-8)

(@) In the absence of gravity weight of the bodies will become zero
but mass will not change.

b) U= —-GMm
r

. If rincreases then U also increases.




()

(b)

(d)

(©)
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According to Kepler's law T? « R®

If Nis the frequencs then N? o (R)73

-3/2 2/3
N_(R_] 3&:[&J
Nl Rl RZ Nl

Gm,m,

r2

Force between earth and moon F =

This amount of force, both earth and moon will exert on each
other ie. they exert same force on each other.

g= %ﬂpGR . If density is same then g o R

According to problem Rp =2R, .. g, = 29,

For clock P (based on pendulum motion) T = ZH\/I

g

Time period decreases on planet so it will run faster because

9p > Je

m
For clock S (based on oscillation of spring) T = 272'1 n

So it does not change.

For scientist A  which down in a mine

3

2h
For scientist B which goes up in a air §'= g[l - Fj

goes

So it is clear that value of g measured by each will decreases

at different rates.

Gravitational pull depends upon the acceleration due to gravity

on that planet.

1 1
M, :aMe’gngge
1/2 1/2
g:G_MZ&: &Xg_m :(Slxlj
R? Rm Mm Qe 6
R, = 9 R

Reading of spring balance R = m(g —a)
If the lift falls freely thena=g .. R=0

_GM M
g —-]53— Sg m:;;;

20.

21.

22.

M. and R =R—e
2 P2

According to problem M p =

9% :[ﬂ] [&]Z :(ljx(zf _2
Je Me Rp 2

= g, =20, =2x9.8=19.6 m/s’
Apparent weight = actual weight — upthrust force

Vdg'= Vdg - Vg

_(d-p
= = —
0-(452]6

M
g oc — . If mass and radius of the planet are twice then g,
F22

will be half that of g, ie. g, :976

The value of g on the surface of the earth g o 1

R 2
At height A from the surface of the earth g« ;2
(R+h)
2 2
g R _ 9.8x(6400)° 4 mjs?

“OR+N?  (6400+4807

gf{ R )231_( R jzzl— 4000 Y’
g (R+h 2 \R+h) 72 (4000+h

By solving we get h=1656.85 mile~1600 mile

|
T= ZHJ:. At the hill g will decrease so to keep the time
9

period same the length of pendulum has to be reduced.

and |:g
r

V:—GM

V=0ad =0 atr=ow
U = Loss in gravitational energy = gain in K.E.

So, U =lmv2:m v
2 2

v
Ve _ /g_eRR—e:\/leo =/60 = 8 (nearly)
Vm gm m

Ve =420R = X—A: /S—Ax%:\/xxr \\:—A Jrx
B B B B

*k*%k



23.

24.

25.

26.

27.

Time period of satellite which is very near to planet

3 3
T—Zﬁ\/g—M—Zﬁ 4R—.'.Toc\/z
Ggmﬁp P

i.e. time period of nearest satellite does not depends upon the

radius of planet, it only depends upon the density of the planet.
In the problem, density is same so time period will be same.

Otherwise centrifugal force exceeds the force of attraction or
we can say that gravitational force won't be able to keep the
satellite in circular motion.

Ka g _(R+hg ) (R+2R)_3
Kg ra R+h, R+R 2

3/2 3/2
Tmercury _ I'mercury _ 6 x 1010 _ l
Teartn earth 1.5x10% 4

(approx.)

Tmercury = Z year
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