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Introduction

Newton 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 atraction in the
mation of moon and other heavenly bodies.

By comparing the acceleration due to graviby due to earth
with the acceleration required to keep the moon in its orbit around
the earth, he was able to amive at the Basic Law of Gravitation

Newton's | aw o_f_Gravlta_tion

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

their

Thus, the magnitude of the gravitational force F that two
particles of masses m, and my are separated by a distance r exert
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Vector form : According to Mewton's law of gravitation
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2. Itis clear that Fiz = — F2y which is Newton's third law of

motion i.e.. Fiz 4+ Fn =0. Hence this force is a conservative force.
Here G is constant of proportionality which is called
'Universal gravitational constant’.

If il = ity and F=1 then G=F
i.e. universal gravitational constant it equal 1o the force of

aftraction betwesn two bodies each of unit mass whaose centres are
placed unit distance apart,

it} The value of G in the laboratory was first determined by
Cavendish using the torsional balance.

{iiy The value of G is 6.67x10°Y Nem® kg® in S.1. and
6.67% 10" dyne- em®-g* in C.G.5. system

(i) Dimensional formula [M'LT#).

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

(v} It also does not depend upon the nature of the medium
between the two bodies

(wi) As G5 is very small, hence gravitational forces are very
small, unless one {or bath) of the mass is huge.
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Properties of Gravitational Force

(1) It 5 always attractive in nature while electric and
magnetic force can be attractive or repulsive,
(2} It I8 independent of the medium between the particles

while electric and magnetic force depends on the nature of the
medium between the particles.

(3} It holds good over a wide range of distances. It is found
true for interplanetary to intér atomic distances,

{4) It = a central force L& acts along the Hne joining the
centres of two interacting bodies.

5 It s a two-body interaction ie gravitational force
benvesn two particles is independent of the presence or absence of

ather particles; so the principle of superposition s valid Le: force
on a particle due fo number of parficles is the resultant of forces

due to individual particles ie. El;H;z-rl;a* ........

While nuclear force is many body interaction

{6} It s the weakest force in nature.

{7) Thae ratio of gravitational force fo electrostatic force befwesn
twio electrons is of the ender of 107

1B} 1t is a consenative force Le, work done by it is path
independent or work done in moving a particle round a closed
path under the action of gravitational force s zero,

{9 It is an action neaction pair Le 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
Mewton's third lew of motion.

L]
?_ﬁr#:a The law of gravitation is stated for two point

masses. therefore for any twao arbirany finite size bodies, as shown
in the figure, it can not be applied as there i& no unique valse for
the separation,

5 Qe . o

But if the bwo bodies are uniform spheres then the
separafion r may be faken as the distance between their centres
because a sphere of uniform mass behaves as a point mass for any
point lying outsede i,

Acceleration due to Gravity

The force of attraction exerted by the earth on 8 body s
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 i
denoted by g.

Consider a body of mass m, lying on the surface of earth
then gravitational force on the body is given by

F= E-:;zﬂ i)

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 » acceleration

oo F=mg 1 1] m
From (i} and (&} we have mg=G;!=m
GM .
s g= B {1}
g R (i)

G4
-o- {3
[Ax mass (M) =udum¢{%:ﬂ’] % density ()]

3 g._;.@c;n e

i—’f%@en it is clear that its
vahse 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. le a given planet (reference body)
produces same acceleration in a light as well as heavy body.

{ii} The greater the value of (M/R®) 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.

i) Dimension [g] = [LT-

(v} It's average value is taken to be 9.8 mis® or 981 em/sec”
or 32 feetls”, on the surface of the earth at mean sea level.

{vi) The value of acceleration due to gravity vary due to
the following factors : (a) Shape of the earth, (b) Height above
the earths surface, (¢} Depth below the earths surface and (d)
Axial rotation of the earth.

Variation in g due to Shape of Earth

(i) From the expression g =

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

GM

polar radius, from §=F
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GM ;
At equator Q,=—-RT 1]
GM

Al poles HP=R_: i)

From (i) and i) 2= =

e

R

SiNce R > R
" ok > Guquaw 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 ,
H“Fi— <okl

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

' S e P 1
9= Rh "

RV
From (i) and {if) g‘=g[m} ... i)

HHEQ valiv)
F

[Asr=R+h)
(i} As we go above the surface of the earh, the value of g
decreases because g e la'
F
(i} f r=ee then g’ =0, e, at infinite distance from the
earth, the value of g becomes zera.

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

; RV AN 2h
H'Q[RwJ 'Q(HFJ ’g[l'_f]
[As ha K]

{iv] If k=< R then decrease in the value of g with height :

Absolute decrease dg&g4g‘n-2—-h§

R
Fractional decrease E=ﬂ= o
g g R
Percentage decrease ﬂxlﬂﬂ%=%xlm
g

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

GM 4
E —— i — N
q R 3.llp:lGH {th

Acceleration due to gravity at depth d from the surface of
the earth = 5

9'=%-wG{R—dJ ... i}

From (i} and (i g'=g[z-%]

(i) The value of g decreases on going below the surface of
the earth. From equation (i) we get g"={R—d) .

So it is clear that if d increases, the value of g decreases.

(i) At the centre of earth d =R .. g'=0, lLe, the acceleration
due to gravity at the cenire of earth becomes zevo,

(iii] Decrease in the value of g with depth

Fractional decrease g _g-g _d
g g R
d

Percentage decrease ﬂ:-cliﬂ“!%- — 5
g

{iw] 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

Az the earth rofates, a body
placed on its surface moves along the
gircular path and hence experiences
centrifugal force. due to it, the apparent
weight of the body decreases.

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

If the body of mass m lving at point P, whose latitude is 4,
then due to rotation of earth its apparent weight can be given by

mg'=mg+F.
or mg' = J!F"EJ"‘ +{F.)* + 2mg F. cos(180 - 4)
= mg' = J‘THQF & (merReos A + 2mg ma®Reos A - cos A)
IAs F. =ma'r =ma'Reosd |
By solving we get g’ = g— & Rcos® 4

1¥hts: 0 Tri latihude: at ' poi o the:surtace:of the

earth is defined as the angle, which the line joining that point to the
centre of earth makes with equatorial plane. It is denoted by 4

0O Forthe poles 4 =907 and for equator 4 =07
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(i) Substituting 4 =90 in the above expression we get
gm,r=g-m-zﬂcns”9|]"
Y By =8 vo[i)

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

(il) Substituting 4=07 in the above expression we get
Do = 3~ @ Reos® 0°
..

ie. the effect of rotation of earth on the value of g at the
equator is maximum.

i Bogutor =G — @R

Fram equation (i) and (i)
4 poke — Boquaiee = R =0.034m / s°

fili} When a body of mass m Is maved from the equator to
the poles, its weight Increases by an amount

mig, —g,}=mw*R

{1} Weightlessness due 1o rotation of earth - As we know that
apparent weight of the body decreases due to rotation of earth. i & is
the angular velocly of rofation of earth for which a body at the
equator will become weightless

g =g-a'Reos”® A

= 0=g-w'Reos’ (7 [As A=0° for equatar]

= g-a*R=0

(g
i ﬁ.l:,hlﬁ
or time period of rotation of earth T=%= 2x E

g
Substituting  the wvalue of R=600%10"n and
g=10m/s" we gel
o= =125%10" " and T=50265sec =1.90 by,
BOO sec

L]
%r?ﬂThb&&mnsnbnutl—{r times the present time

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

O If carth stops rotation about its own axis then at
the equator the value of g increases by ®°R and conseguentiy
the weight of body lving there increases by mw®R

O 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, =8, +0.03440018m/5" ..g, =g, +0.052m/s*

Mass and Density of Earth

Mewton's law of gravitation can be used to edtimale the
mass and densify of the earth.

g
Hamlumg=i—f.mwhmﬁi=%

i
- 2BXBAXIOT _ ¢ o8 10% kg ~ 10%kg

6671071
and as we know —i:mGFi‘ so we have o= 3g
g T
Ap %8 = 5478.4 kg /m®

T A%3 1466710 " %64%10°

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 Mewton's second law of motion

F=ma or m R
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,

{it It & the measure of ability of the body o oppose the
production of acceleration in s motion by an extemal force.

(i) Grawity has no effect on inertial mass of the body.

[ili) It is proportional to the quantity of matter contained in
the body.

{bw) It is independent of size, shape and state of body,

{v} It does not depend on the temperature of body,

(vi} It is conserved when two bodies combine physically o
chemically.

(wil] When a body moves with velocity v |, its inerfial mass i
given by

m= . where m, = rest mass of body, ¢ = velocity

=
o2

of light in vacuum,

i2} 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, s given by

pu iy F_ . F

RE S GMRE T
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Here m, is the gravitational mass of the body, If =1 then
m,=F

Thus the gravitational mass of a body is defined as the
gravitational pull experienced by the body in a gravitational field of
unit intersity.,

{3) Comparison between Inertial and gravitational mass

(i) Both are measured in the same units.

(i} Both are scalar.

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

(i} Inertial mass is measured by applying Newton's second
law of mation where as gravitational mass is measured by applying
Mewton's law of gravitation.

{v| Spring balance measure gravitational mass and physical
balance measure inertial mass.

{4 Comparison between mass and weight of the
body

Mass (m} Weight (W)
It s a quantity of matter | It is the attactive force
contained in a body. exerted by earth on any
bady.

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

Its value can never be zero | At Infinity and at the centre of
for any material particle. earth its value is zern.

Its unit is kilogram and its | Its unit is Mewton or kg-ut and
dimension is [M]. dimensicn are [ MLT 2|

It & determined by a |l k& determined by a spring
physical balance. balance,

It is a scalar quantity. It ts & wector quantity,
Gravitational Field

The space surrounding a material body In which
gravitational force of attraction cam be experienced ls cailled its
gravitational field.

Gravitational field intensity - The intensity of the
gravitational field of & material body at any point in its feld &
defined as the force experienced by a unit mass (test mass) placed
at that point, provided the unit mass [test mass) isell does not
produce amy change in the field of the hody.

So if a test mass m at a point in a gravitational field
expeTiences a force F then

3|l

T=

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

{ii) Uniits : Newton/kg or mis®

i} Dimension : [MOLT

{iw) If the field s produced by a point mass M and the test
mass m |5 at a distance r from it then by Newton's law of

gravitation F = Gﬁfm

Test mags

[v] As the distance {r} of test mass from the point mass (M),
increases, intensity of gravifational field d

I GM
M—Irl
1

o [z -
r'!

(vi} Intensity of gravitational field | =0, when r = .

(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

ha=h+l+l 4.

[viil) Point of zero intensity : i two bodies A and B af
different masses m; and my are d distance apart.

Let P be the point of zero intensity Le., the intensity at this

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

&0

Furpolnl.P.i_l+F;=D :;G—:ﬂ szi ]
x (d - x]

ﬂ and 1_d' b x] = JI'HT]—{’

Jmy +yfmg ymy +fmy
(i) Gravitational field line is a line, straight or curved such

that & unit mass placed in the field of ancther mass would always

move along this line. Fleld lines for an isolated mass m are radially
Imwards,

Bysolving x=

i as 1= and g g =S
¥ R
Thus the intensity of gravitational field at a point in the field
is equal to acceleration of test mass placed at that point.

L =g
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Gravitational Field Intensity for Different Bodies

{1) Intensity due to uniform solid sphere

Outside the On the Inside the
suriace surface surface
r>R r=R r<R
i GM ‘_GH I=0
=7 G

P !
At a polnt on its axis At the centre of the ring
__GMr 1=0
{u2+r=}3fﬂ

(4} Intensity due to uniform disc

At a point on its axis At the cenire of the disc
j26Me[1 1 I=0
@ | ]r:-H:l:

a(;:q {1-cosé)
a

orl=

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 polnt Le.,

v=-Y __Fdr =-[I.dr

m m

s Z=17
m

L= —ﬂ
i.e., negative gradient of potential gives intensity of field

or polential is a scalar function of position whose space derivative
gives intensity, Megative sign indicates that the direction of intensity
is in the direction where the pofential decreases.

(i} It is & scalar quantity because it is defined as workt done
per unit mass.

(i) Unit : Joule'kg or m¥isect

{iii) Dimension ; [MPLIT)

(vl If the field l= produced by a point mass then

GM GM
Va=|ldr == | -——|dr A [ =
f I[ r*] ! r:]
G .
'ﬂ-":-r..r_*: [Here ¢ = constant of integration |

Assuming reference point at = and potential o be zero
thene we get
UH—E-H—+E=-:=!]

. Gravitational potential V= _GM
r

Al rses, V=l=Ul

(v} Gravitational potential difference : It is defined as the
waork done fo move a unit mass from one point to the other in the
graifttational fiekd. The gravitational potential difference in bringing
unit test mass m from point A fo point B under the gravitational
influence of source mass M ks

|.|r"| U*
A 3]
b— gy —H

ﬂ.U=UB-i.{,‘ l—ﬂ—_'-ﬂ-wm =-GM [l_lJ

T8 Ta
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(vi} Potential due to large numbers of particle is given by

scalar addition of all the polentials. ﬁ
UELF. *Vz +|‘,|"H.+ .......... @"1..' P
s )
_.GM oM aM @
O 9

Gravitational Potential for Different Bodies
(1} Potential due to uniform ring

= A u:——
v ;I‘l -H‘* ; Ry a

{2) Potential due to spherical shell

Duiside the surface On the Inside the
r>R
r=R r<R
. —GM —GM —GM
V-—-—;— T-"--—ﬁ—- E—T

i3} Potential due to uniform solid sphere

v
o]

r
(]
1

R
i 7

- IGMIZR

Ouwtalde the | On the surface Inside the surface
surface r=R il
r>R
—GM -G
e Ve =—5— v;ﬁ[g-[i] ]

al the conire (r = 0)
L s o
{racne.)
Verss = 5 Varee

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 agatnst the gravitational force.

T\

x
GMm
F
This work dene Is stored inside the body as its gravitational
potential enemy
==

W=-

GMm
r

{i} Potential energy is & scakar quantity.
(i) Ulralt : Joule
(i} Dimension : [ML*T*)

i) Grawitational potential energy is always negative in the
gravitational field because the forca 1s always attractive in nature.

[v] As the distance r increases, the gravitational potential
enerqy becomes less negative Le. | it increases,

(v} I r == then it becomes zero (maximum)
{vii} In case of discrete distribution of masses
Gravitational potential eneray

UEM{MM]
fiz f

23

{viii) If the body of mass m is moved from a point at a
distance r to a point at distance ryly >rp) then change in
potential energy M=E%=—6Mm[i-l]

X r! J"l
urnU=GMm[i—lJ
LA

As r Is greater than ry, the change in potential energy of

the body will be negative. It means that if a bady s brought doser

fo garth It's potential energy decreases,
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{lx) Relation between gravitational potential energy and
Gi':fm » m-‘—GM]

L.

mtﬁr!ﬁﬂ]u-_-—

w U=mV

(%} Gravitational potential energy ar the centre of earth
relative to infinity,

_ 3 GMm
2 R

U onire = MV e

"2 R

{xi} Gravitational potential energy of a body at height h from
the earth surface is glven by

( mMJ _

i = GMm gﬁ‘zm= mgR
" R+h  R+h b
R
Work Done Against Gravity

If the body of mass m is moved from the surface of earth
to & point at distance h aboue the surface of earth, then change in
potential energy or work done against gravity will be

11
= W=0_GM E_Fh-h] [As =R and rp = R+ h]
GMmh rmgh GM
3 =— = EM TEQ]
R2f1+-‘1} 148 R
i k

{1} When the distance h s not negligible and is comparable o
radius of the earth, then we will use above formula,

{ii} If h=nR then w:,.,g,q(L]
n+l

(i) 1 h=R then W = maR

fivi If h is very small as compared to radius of the earth
then term h/H can be neglected

__mgh h
B i Tt ["‘“ n"ﬂ]
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
knewh as escape velocity,

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

GMm M 1
W= J:—:rd.ﬂ =-G.|""m:""ﬁ'i|

GMm

= W= B

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.

f v, i the required escape wvelocity, then kinetic energy

which should be given fo the body is %muf

2GM

R
[As GM = gR* ]

or v, =1Ex moGR=R = v, = 1||—:|G

[As g=

4 ] GMm
ol =——, =

R

g

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

(i1} Escape velocity depends on the reference body. Greater
the value of (M/R) or (gR) for a planet, greater will be escape
welocity,

[iii) For the earth as g = %.8m/s* and R = 6400km

BRI V2x9.8%64%10° =11.2km)/sec

{iw) A planet will have atmosphere if the velocity of molecule
in its atmosphere [um -J%] Is lesser than escape velocity.

This is why earth has atmosphere (as at earth o, <u, ) while
moon has no atmosphere (as at moon v, >u, |

(vi f a body projected with velocity lesser than escape
welacity (v <w, ), 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) I8 v, so that it altains a maximum
height h. At maximum height, the velocity of particle is zero, so
kinetic energy is zero.

Biy the law of conservation of energy

Total energy a1 surface = Total energy at height h,

_GMm 1 _ Gj'-'l'm

B EM -— +ﬂ

v
- —
2

[R E+h:| H'II.H'-i-h]
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fuii} If a body is projected with velocity greater than escape

velocity v >, then by conservation of enengy.

Total energy at surface = Total energy at infinite

1 M 1 a2
2mr.r B —Em{u',l +0

ie, [u’f“’z'% = vt=vi -] (A ET =ve]

L= .|||u"r —v?
ie, the body will move in interplanetary or inter stellar space
with velocity u® —u?

[wiii} Enengy 1o be given to a stationany obied on the surface of
earth so that its total energy becomes zero, is called escape energy,

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.

Tznncl'.l3 or Tim[—”-‘-r 113
2 )

Proof : From the figure AB = AF + FB

R 4F
2o=n 4w .'.n:Jz—z

Total energy at the suface of the earth
=HE+PE=0- GMim where a = semi-major axis
R 7 = Shortest distance of planet from sun [periges).
. Escape energy = G.:;I'm r; = Largest distance of planet from sun {apogee),
v . I data
(ix) 1f the escape velocity of a body is equal to the velocity of e
light then from such bodies nothing can escape, not even light. Planet | Semi-majos Period
Such bodies are called black hales. sk ) I::;
The radius of a black hole is given as o 10% Tiyear m‘:'lm
R= 25:"’ metre)
¢ Mercury 5.79 0.241 2.99
[As C= ,"I—ER . where C is the velocity of light] Venus 108 0.615 3.00
Earth 150 1.00 2.96
Kepler's Laws of Planetary Motion Mars 298 18R 2,65
Planats are large natural bodies rotating around a star in Jupiter 77.8 11.9 3m
definite orhits. The planetany system of the star sun called solar o 143 25 5 o8
system consists of nine planets, viz., Mercury, Vernus, Earth, Mars,
Jupiter, Satum, Uranus, Neptune and Pluto. Out of these planets i 287 L £98
Mercury is the smallest and closest to the sun and so hottest. MNephine 450 165 2.99
Jupiter is largest and has maximum moons {12], Venus is closest to Plutos 580 248 299
Earth and brightest. Kepler after a life time study, worked out three .
empirical laws which govern the motion of these planets and are m -0 Kepher's laws are valid for sateliies also.

known as Kepler's lows 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 foct.

i2) The law of Area : The line joining the sun to the planet
sweeps out equal areas in equal interval of time. Le. aerial velocity
ks constant. According to this law planet will move slowly when it is
farthest from sun and more rapidly when it is nearest to sun, Jt is
similar to law of conservation of angular momentum,

. dd 1 rleat] 1
lm E—— = o [ -
o e e e e
dA_ L
T & Zm

[As L =mor; ru=£i

m
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Velocity of a Planet in Terms of Eccentricity

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

ML, = mir,

o
il fpoave lid
v, fp a-c l-ée
4 c
[As ry=a-¢c. n=o+c and eccentricity & =— |
a

Applying the conservation of mechanical energy at perigee
and apoges
1 i z_GMm=l 2 GMm

mu,
H r 28 r,

[] [
1.3
v,

Some Properties of the Planet

= Lr}._“2 —uﬂ2 =2GM

2|—F'az '---l'n‘i L Rt ¥
= U, |- 7 = 2GM —-—f'-r
® o'

lAs v, =22 ]

(]

7. 26M [ri]:? o2 =E‘GM,r'n—c‘]rEM__f1i]
T,

= |
r+F a \a+e a \l+e/

pL'a

Thus the speeds of planet at apogee and perigee are

b, - E!L—z}
o g Li+ve)]'

o= [B[152)
Y a l1-e
™

' mnzﬂﬁegatﬂaﬁmalﬁnrmsamwfmmmm

on planet relative to sun is always zero, hence angular momentum
of a planet or satellite is abways constant mespective of shape of
arhit,

Mercury | Venus | Earth | Mars | Jupiter | Satum | Uranus | Neptune | Pluio

Mean distance from sun, 10° 519 108 150 228 778 1430 2870 4500 5000
km
Period of revolution, pear 0.241 0.615 1.00 188 119 295 B4.0 165 248
Orbital speed, kmis 479 350 208 24.1 131 964 6.81 543 4.74
Equatiorial diameter, ke 4880 12100 12800 6790 | 143000 | 120000 51800 45500 2300
Mass (Earth =1) 00558 0.815 1.000 0107 318 95.1 14.5 17.2 0,002
Density (Water =1) 5.60 5.20 552 3.85 131 0.704 1.21 167 203
Surface vale of g, m's 3.78 860 9.78 3.72 229 9.05 . 11.0 0.5
Escape velocity, kmis 4.3 10.3 112 5.0 59.5 3556 212 246 1.1
Enown satellites 0 0 1 2 16+ring | 18+rings | 17+rings | 8+rings 1

Orbital Velocity of Satellite mt  GMm

Satelites are natural or anificial bodies descibing orbit r P

around a planet under its gravitational atfraction. Moon Is a natural oM

satellite while INSAT-1B is = b= ||—-—

an artificial satellite of earth. . Satefline F

Condition for est@ablishment hr gﬁ” 3

of arificial satellite is that iy -RJm

the centre of orbit of satellife
must coincide with centre of
earth or satellite must move
around great circle of earth.

Orbital velocity of a
satellite (= the welocity
requited to put the satellite
inta its orhit around the
earth,

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

l4s GM =gR” and r=R+h]

(i} Orhital velocity is independent of the mass of the orbiting
bady and ks always along the tangent of the orbit e, satellites of
different masses have same orbital velocity. if they are in the same
arhit.

{1} Orbital velocity depends on the mass of ceniral body and
radius of orbit.

[iii) For a given planet, greater the radius of orbit, lesser will
be the orbital velacity of the satellite {p = 1/7 )
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{iv) Orbital velocity of the satellite when it revelves very
close to the surface of the planet

oM [GM  [om
=Ye Vich “"V& R
[As h=0 and GM = gi" |
For the earth v = v98%x64x10° =79km/s=Rkm/sec

(v} Close to the surface of planet v = f%

2GM
ﬁs | ee—
[As v, 1' = |
(i)
- u-:é,!.e., U orope ™ -

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

earth is made 42 times {or increased by 41%) then it will escape
tvi) If the gravitational force of atiraction of the sun on the

planet varies as Fm% then the orhital velocity varies as ur:}.:T.

Shape of the orbit of a sateliite :

(i) If vewy, then the satellite does not remain in is circular
path rather it races a spiral path and ulfimately falls on earth,

[H] 1f v=u, then the satellite revolves in a circular path/orbit,

(i) f v=uy but <p,(vy<v<e,) then the satellite will
revolve round the earth in elliptical orbit.

(] f v=up, then the satellite will move along a parabolic
path and escape out of the gravitational field of earth.

v} If v>u, then the satellite will move along a hyperbalic
path and escape'out of the gravitational field of earth.
Time Period of Satellite

1t Is the time taken by satellite to go once around the «anh

- Circumference of the orbit

orbital wvelocity

2nr
= Ter—=2r|— GH [As = J ]
= T= 231’ =-21'r1| 7 [As GM = ght* |
a4
e g w =2 Ef]q.iJ [As r=R+h]
gk g\ R

F
(il From T=2x1’ra. it is clear that fime period is

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

{if} Te= .'?.;l'1'

This s in mccordance with Kepler's third law of planetany
motion r becomes a (semi major axis) if the orbit is elliptic.

:l—-r ie. Tler?

(it} Time period of nearby satellite,

r R’ R

FTCNTI T—ZJT G—M—ZJT E—Eﬁ'&
[As h=0 and GM =gR*]

Forearth 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 be given as

zﬁ-“‘“ 3
T=2r o io-d
Vo F x

v} If the gravitational force !_'-E attraction uf the sun on the
i|+

planet varies as Fc— then the time period variesas T = r T

{wij If there is a satellite in the equatorial plane rotating in
the direction of earth’s rotation from west to east, then for an
obzerver, on the earth, angular velocity of satellite will be

lwe —ae), The time interval between the two consecufive
appearances overhead will be
2r LTy [ EJr]
= e L S
w ay  Tp-Tg ]

If g =ae , T=e= ie. satellite will appear stationary relative
to earth. Such satellites are called geostationary satellites,

Height of Satellite
As we know, fime period of satellite
. r.! B [,H‘+I1:IH
T= hJﬁ =2r J o
2l
By squaring and rearranging bath sides iiig— =(R+hf

L
ngni‘]
h=[ | <R

By knowing the value of time period we can caloculate 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
satefllite.

A gecstationary satellite always staus over the same place
above the earth such a satellife is never at rest Such a satellite
appears statiomary due to its zero relative velocity w.rt that place
on earth.

The orbit of a geestationary satellite i known as the parking
orbil,

{i} It should revolve in an orbit concentric and coplanar with
the equatorial plane.
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(i) ks sense of rotation should be same as that of earth
about its own axis i.e, In anti-clockwise direction (from west to
gast).

(it} s pericd of revolution around the earth should be
same as that of earth about its cum axis.

Jo T=24 hr = B6400 sec

(] Height of geostationanys satellite
As T= 231} H £ "‘ — 24k

Substituting  the walue of G
R +h=r=42000km =T7R

and M we get

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

(v} Orblial velocity of geo stationary satellite can be

calculated by v = .1||@
r

Substituting the wvalue of G and M we get
v =308 km/sec
Angular Momentum of Satellite

Angular momentum of satellite L = mur

= L=m"% r [As u=1l|g]

L =ymiGMr

ie., Angular momenium of satellite depends on both the
mass of orbiting and central body as well as the radius of orbit.

i} In case of satellite motion, force is central so torgue = 0
and hence angular momentum of satellite i conserved Le.,
L = constant

(it} In case of satellite motion as asrial velocity

1 {rhivdt) l
d! 2 a 2"
a%z% laﬁl-‘if-.:mur]

But as L = constant.
which ks Kepler's 11 law

. areal velocity (dA/di] = constant

ie, Kepler's Il 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).

-GMm_—L*
r mr®
|—m u_ﬂ L2 =

(1) Potential energy : U=mV =

s ; _l i,:_GMm':__L':
{2) Kinetic energy K_Em" = e

[H&u: EM—

r

(3} Total energy :
-GMm+GHm=—GHm= =2
r Zr 2r Zmr?
. il Kinetic energy, potential energy or total energy of a

sateliite depends on the mass of the satellite and the central body
and also on the radius of the orbit,

Eall+K=

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

Potential energy (L) = 2 (Total enermy)
Potential energy (U] = - 2 |Kinetic energy}

(ili} Energy graph for a satellite

tiw) Energy distribution in elliptical orbit

N o

KE = max
i ———r -
E __._ PE mln

{u) If the orbit of a satellite is elliptic then

; where a is semi-

(a] Total energy (E) = ——2 = constant

major axis

{b) Kinetic epergy (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 (al apoges)

{c) Potential energy {U) will be minimum when kinetic
enerqy = maximurm L., the satellite & closest to the central body

{at perigee] and maximum when kinetic energy = minimum Le.,
the satellite 15 farthest from the central body (at apogee).
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ivi] Binding Energy : Total energy of a sateflite in its orbit is
negative. Megative 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 remaove
the satellite from its orbit to infinity is called Binding Energy of the
system, Le.,

GMm

Bl-nding Energy (BIE.) =-E = T

Change in the Orbit of Satellite

When the satellite is transferred to a higher orbit (ry = r)

then variation in different quantifies can be shown by the following
table

Quantities Variation Relation with r

Orbital velocity Decreases 1
llﬂ'-':}-

%

Time period Increases T ae 512
Linear momentum Decreases 1
Po——

Jr

Angular momentum Increases Leyfr
Kinetic energy Decreases Kﬁl
;

Petential energy Increases U.c_l
.

Total energy Increases E...-E
F

Binding energy Decreases BE- 1
F

[ GMm GMm
w:‘— - —
| 2n ] [ 2n ]
Tz
GMm|1 1 e,
iy *—}
Weightlessness

The weight of & body is the force with which It |5 atfracted
towards the centre of earth. When a body is stationany with respect
to the earth, its weight equals the gravity, This weight of the body
is knowm 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 welght of the body. The reaction of
the weighing machine 1o the body gives the measure of the weight
of the body,

The state of weightlessness can be observed in the fallowing
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 serlous problems to the
astronauts, It becomes quite difficult for them to control their
movements. Evenything in the satellite has fo 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 porlected up, the pull of the sarth 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 i in a Satellite

A satellite, which does not produce its own gravity moves
argund the earth in a cireular orbit under the actlon of gravity, The

acceleration of satellite is —Gwi—lf towards the centre of earth,
r

Il & body of mass m placed on a surface inside & satellite
maoving around the earth. Then force on the body are

Satellis

% h’?

r

GMm

2 u
r

(il The gravitational pull of earth = ™
F

[ii} The reaction by the surface = 7

By Newton's law E-";ﬂ-ﬂnmu
r

- n(2)

r
LR=0

Thuss the surface does not exert any force on the body and
hence its apparent weight s zero,

A body needs no support to stay at rest in the satellie and
hence all position are equally comfortable. Such a siate is called
weightlessness,
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Examples under condition of waightlessness ©

(il Ome will firsd it difficult to control his movement, without
weight he will tend to float freely. To get from one spat to the other
he will have to push himself away from the walls or some other
fixed ohjects.

{1l As everything ks in free fall, so objects are at rest relative
ta each other, i.e., if a table 15 withdrawn from below an object, the
object will remain where it was without any support.

[ili) If & glass of water s tilted and glass is pulled out, the
liquid in the shape of contalner will float and will not low because
of surface tension,

itv} H one tries to strike & match, the head will light but the
stick will mot burm. This is because in this situation convection
currents will not be set up which supply oxygen for combustion

i) If one tries to perform simple pendulum experiment. the
pendulum will not oscillate. 1t is because there will not be any

restoring torque and so T =2riL/ g ==, [4s g’ =]

ivil Condition of weightlessness can be experienced only
when the mass of satellite is negligible so that it does not produce
Its owr graving.

&.9. Moon is a saellite of eanh but due 1o its own weight it
applies gravitational force of amaction on the body placed an its
surface and hence weight of the body will not be equal 1o zero at
the surface of the moon.

Tips & Tricks

£ (ravity holds the atmosphere around to the earth,

& 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,

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

& Astronauts orbiting around the earth cannot use a
pendulum clock, however, they can use spring clock

& To the astronauts in space, the sky appears black due to the
absence of atmosphere above them.

& The gravitational force is much smaller than the electrical
force because the value of G i very very small.

£ The dimensional formula of gravitational field ks same as
that of acceleration due to grawvity,

& A body in gravitational field has maximum binding energy
wihie it is at rest.

# 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 [t exens a
gravitational force an the man, On the ather hand, the mass of
the artificin] satellite is very small and it exerts negligible or no
gravitational force on the astronaut, so astronaut feels
weightlessness In the artificial satellite but not on the moon.

£ All other planets except mercury and pluto revolve around
the sun in alzwsi creular odbits,

£ I the radius of planet decreases by x% keeping the mass
constant. The acceleration due to gravity on its surface increases
by 2x%.

# If the mass of a planet increases by x% keeping radius
constant, the acceleration due to gravity on its surface increases
by x%.

& I the density of the planet decreases by x%, keeping the
radius constant, the acceleration due to gravity decreases by
%

& If the radius of the planet decreases by x%, heeping the
density constant, the acceleration due to gravity decreases by
X7,

# For the planets orbiting around the sun, angular speed,
Hinear tpeed, kinetic energy ete. change with time but angular
momentum remains constant.

& The ratio of inertial mass o gravitational mass is 1.

& Inertial mass m becomes infinite |f the body moves with
velocity of light.

# Intensity of gravitational field inside a shell i 2ero.

# I bwo spheres of same material, mass and radius are put in,
contact, the gravitational attraction betwsen them s directly
proportional to the fourth power of their radius.

There is no atmesphere on the moon because escape velocity
on the moon iz less than the rms velocity of the gas molecules,

# Two satellites are orbiting in drcular orbits of radii ry and ;.
Their orbital speeds are in the ratio - by /s =i /502 It is
independent to their masses

& An object will experience weightlessness at equator, if the

angular speed of the earth about its axis becomes more than
(1/B00) rad 57,

£ Orbital velocly vary near the surface of the earth and is
about 7.92 kms .

& Greater the height of the satellite, smaller is the orbital velocity.
& Orhital velocity is independent of the mass of the satellite.
£ | the alitude of the satellite & n times the radius of the
earth, then the orbital velocity will be {Uy1+n) times the orbital
velocity near the surface of the earth.

# If the radius of the orbit of a sattelite is n times the radius of
the earth, then its arbital velocity will be (Uyn) the orbital
velocity near the surface of the earth.

# The ceniripetal acceleration of the satellite is equal to the
acceleration due to gravity,

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

PLADMA : F-13/5 SREET NO.1, NAFEES ROAD, JOGABAI EXT, NEW DELHI-110025.Ph-011 26988514 [B¥ik

DR EHTESHAM - 9350005771




