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The phenomenon of mutual attraction between any two bodies is known as
Gravitation.

ACCELERATION OF THE MOON:

The centripetal acceleration of the moon can be determined by assuming that the
moon revolves around the earth in circular orbit. Newton calculated the centripetal
acceleration of the moon by applying Huygen’s formula for centripetal acceleration i.e.

Vi A

N
a =—r
A r )
Where r = unit vector directed towards centre of the moving body.

v = speed of the moving body

r = radius of the orbit or circle.
Negative sign shows that a. is directed towards the centre of the circle.
The magnitude of the centripetal acceleration is given'by -

\%
. a‘::___
r .
V=ro }
r‘e*
a, = =10
‘ r o
0
As o =—
t
For one rotation 8 = 2w and t— = time period
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If the distance of the moon from the centre of the earth is R and acceleratlon of
the moon is “ag’ then eq. (1) becomes.

_4mR

. T 1

VAs R=384x10°m

AndT 273days—273x24x60x60
=2.36x4106sec

L. - 4x(3.142)°x3.84x10°
T (236x10°)2

a, =2.72x10” M,

. ..a
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APPROACH TO THE LAW OF UNIVERSAL
GRAVITATION:

(1)  Newton arrived at the . 1aw of universal grav1tat10n by comparing the
acceleration of the moon and the acceleration of a body falling freely near the
surface of the earth.

The acceleration of the moon =a, =2.72x 107 AL —_— (1)
The acceleratlon of a body falling frseely near the surface of the earth
=g =09, 8 g mmemmeea- (2) dividing eq (2) by eq (1)
_ 98 ' __3603_(60)
C2.72x107 1 1

]m

‘ g (60) A v
The distan‘ce of the moon from the centre of the earth = R =3.84x 10%m
=14.7x 10" m?
The dlstance of the body falhng freely near T the surface of'the earth
Ré = 6. 38 x 10°m ~~=-mmmmeeeee : :
Re? =40.7 x 102 m? <emcceeeaes

Dividing eq (4) by (5) _
R? 147x10° 36118 - (60.2)?
"R’ 407x10% "1 1
CRE 1
OR ——=—— . ..
Comparmg eq (3) and (6)
LBy Re® .
g - R?Z .
This shows - that acceleratxon is inversely propomonal to the square of the
distance.
By Newton’s second Iaw of motion accelerauon is dxrectly proportional to the
force i.e.
ay < F
F oc’ %
(2)  Consider two bodies A and B of masses “my” and “my” at a distance “R” from

each other. The force exerted by A on body B “Fap” dlrectly depends upon mass
- mg of the body B i.e. .
FAB ocC mB

Similarly the force exerted by body B on body A “FBA” directly depends upon

mass my of body A i.e. Fgs oc m

As the forces Fap and Fg, are murual attractlons and are equal in magnitude.

FAB = FBA =F (say)
Thus F o my
x m‘

= [F < mymg

From the above relatlons we can state the law of gravitation.
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NEWTON’S LAW OF UNIVERSAL GRAViTATIQN‘ '
Statement:

“Every body in the 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 of gravity.”

Explanation:

Consider two bodies A and B of masses “mg” and “mg” at a distance “r” from
each other. If “Fap” be the magnitude of the force exerted by the body A on B then by
this law, :

Fap Mmymp and

) 1
) FAB Oc’r—z_

By combining above relations

FAB . mln}z

=G Ill!lHn

) . ’ 2
« Where G = Universal Gravitational constant and its valuein S.I. units is 6.673.x 10! i—mz
: g

Gravitation force in vector form is given by -

—Gmymg *
FAB = I'sa
r .

Where rBA— unit vector directed from ‘B’ to ‘A’. Negative sign shows that the
force is attractive. By Newton’s third law of motion body ‘B’ will also exert some force
on body ‘A’ and is given by :

F BA= __anI m Tas
2

Where r o5 = unit vector directed from A to B
Mass of the Earth:

Consider a body of mass m placed at the surface of the earth. Let Me be the mass
of the earth and Re be-its radius. By the law of umversal grav1tat10n force between the
body and the earth 1s'given by

F= GET ---------- ¢))
W’here '

G= grawtatlonal constant.

‘The force with which earth attracts a body towards its centre is called welght of
the body i.e. :

F=mg - (2)
Comparing eq. (1) and eq.(2)
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gRe’

Me =

Since g = 9.3 m*/S° S
G= 6673x10”Nm/Kg

Re=6.38 x 10°m
6
Moo 9.8}x(6.38x10 )2
- 6.673x107"

Me=sosx107kg = -

Average Density of the F.arth’ :
: Mass per unit volume of a body is called its den51ty If Me be the mass of the
earth and Ve be the volume then its average density p is given by

Me
oy Ve :
As eax’th is considered to be sphencal then
U ve = Zar '
, =3
\v . v
Thus p = 4M§
IR /'__nRJ .
. 3 :
Since Me = 5. 98 x 10%* Kg ,
Re =6.38 x 10°m
- n=3.142 ‘
S 5. 987(1024
S X3, 142x(6 38x10° )
=)

K
p=552x10° m%

_Mass of the Sun: ~ ‘

:Let Ms be the mass of the sun and Me be the mass of the. earth orbmng around the
sun. If R be the radius of the orbit of the earth then gravitational force betw een the earth
and the sun is given by. - : :

GMsMe

F= T ()
The centrlpetal acceleratlon of the earth is glven by
4r’ R »
a =—5 -
where "

T = period of revolution of the earth around the sun.
.. From Newton’s second law of motion
: F Me a. .

F I\/I 41:R AR

: 4n* MeR -
- F= T? ‘ ’ > (2)
Comparing eq (1) and (2)
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GM‘sMe___4-rt2MeR
R* T
AR’
G1°
Since m = 3.142
R=149x10"m __ |
. -1l I\Im
G=6.673x10 Ko
T = 365.30 days
=365.30x 24 x 60 x 60=31.56x 10 seconds
T 4x (3.142) x(1.49x10 "y
6. 673)(10‘”7((31.56}(10'3)z

Ms =199 x 10“’4

%RIATION OF “g” WITH ALTITUDE:

" The acceleration due to grav1ty at the surface of the earth is ngen by

o GMe - .
&= e D
Where G = Gravitational constant
Me = Mass of the earth
~ Re = Radius of the earth

G and Me are constant therefore g varies w1th the dlstance from the centre of the

Ms =

Then Ms =

earth.. » s
_ It g' be the aecelcranon due to grav lty at distance (Re + h) from the centre of
earth then it is given by '

GMe . .
[ X 2
j &= Rermy W
Dividing eq. (2) by €q. (1)
' GMe "
g _(Re +h)'  GMe Re2 _- Re
g GMe (Re+h) *GMe (Re+h)’
Re? .
! . Reé? 1

.,- .‘ -2
gz[ui}
g | Re

Using binomial theorem :
o ) . 2
-E_ZHL—Q[L}LL—M}_ DU SR
g . Il [Re 2! Re = s

. 2
:1_2{L}+L[L R
Re 2x1| Re
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- _h  _h? ’
=1-2—+3—
Re Re

+———

[f h << Re then we can neglect terms containing higher power of b

”g Re V
' 2h ' ' 2gh
Lg=gll-—) =g =g =g g =25
g =g Re) g & Re
2gh
Ag =——=—
- Re

This shows that acceleration due to gravity decreases with altitudé

VARIATION OF “g” WITH DEPTH:

The acceleration due to gravity at the surface of earth is given by
s GMe

" Reé?

Where

. G = Gravitational constant.
Re = radius of the earth
Me = Mass of the earth
Mass
Densuy = — C N
Volume S P S X
Me . o )
Ve c : SR A
As earth is consxdered to be sphencal then®

‘ VC—-—TCRC
3
Me=V,p

' Me=§nRe’p
Gg—nRe’p ‘
Re?

where

p= Average density of the earth

If g' be the acceleration due to gravity at depth “d” below the surface of the earth then
’ o= GM’e
(Re—d)’

Where M’, = effective mass of the earth for attraction at depth “d” and is given by
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4 .
Me= En(Re~ d)’p

G2 i(Re-ayp
g = -3

(Re—d)*
g'=4/3nGp(Re—d) ~-----~ (2)
Dividing eq (2) b}’ eq (1) , ,
g=§”Gp(Re Y _Re-d_Re d ,
g _mnGpRe Re Re Re . -
g_,_4d
gﬁb RC
o d
' =] ——
g =g( Re)
1. _Eq ' .—.-i‘:iA :_i
g8 e [F 8T ReET e R

' . . gd
. This shows that acceleration due to gravity decreases by a factor f{— as we go-
below the surface of the earth. . € .

- At the Centre of the Earth:

If d = Re then eq (3) becomes
Re
g=g-g Re
g=g-g
g=0
This shows that the acceleration due to gravity becomes zero at the centre of the
earth. ' ’ ‘ : '
Welght.
'~ When a force is apphed on a body to keep it at rest or to prevent it from
accelerating in a frame of reference then its equal and opposite force is called “welght”
If other forces are negligible then force of attractlon of the earth on the body. 15
known as weight of the body. : . -
The weight of a body can be found by Newton S second law of motlon i.e. F=ma

For freely-falling bOdleS a=gandF=W

I m .

Weight of the body is not a fixed quantity. It depends upon the location as well as
on the motion of the frame of reference. Weight of a body is slightly less than the force
of attraction of the earth It is due to the rotation’ of the earth and buoyancy of
atmosphere.

Weight of the body is maximum at the poles.
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WEIGHTLESSNESS IN SATELLITES:

(@)

“(b)

©

@

To understand weightlessness, consider a body of mass “m’” suspended from a spring
balance by means of a thread attached to the ceiling of an elevator
There are two forces acting on the body.
@) Force of gravity = mg (ii) . Tension in the string = T=F,
When the elevator at rest or moving with uniform velocity:
When the elevator at rest or moving with uniform velocity then a =0
The resultunt force acting on the body is zero
F, =w=ma

a=0
F,~w=mx0
F,-w=0

F,=w ——— (1) _
This shows that the apparént weight of the object is equal to its real weight.
When the elevator moving upward with uniform acceleration.
When the elevator moves upward with an acceleration a )

E,>w !

The resultant force acting on the bbdy is

F,-w=ma

. F,=w+ma

F,=mg+ma

F, =m(g+a) - (2).
This shows that the apparent welght of the body has increased by an amount “‘ma”
When the elevator moving downward with uniform acceleration.

When the elevator moves downward with an acceleration a

.the resultant force is actmg on the body isw>EF,

w—F, =ma"
" F,=w-=ma"
F,=mg-ma -

E,=m(g-2) ——3)

-This shows that the apparent weight of the body has decreased by an amount “ma

‘When the elevator falling freely under the action of gravity. ' -
If the cable supportmg the elevator breaks the elevator will fall down llke a free body
with an acceleratxon equalto g : ‘

= g putting is equation (iii) . .
Fw =mg-—ma ‘
F, = mg —mg
F, =0

Hence the spring balance will read the “zero” and the man in the elevator will thmk that

the body has no weight i.e. it is in the state of “WEIGHTLESSENESS” besides the fact that
the force of gravity still acts upon the body.

Conclusion:

In any freely falling frame of reference, apparent weight of all the bodies in it is “zero”
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CAUSE OF WEIGHTLESSNESS IN SATELITE:

- The concept of apparent weight can also be applied to [f
the phenomenon of “weightlessness” in satellites bodies
inside an orbiting satellite are not weightless; the earth s
gravitational attraction continues to act on them’ just ‘as
though they were at rest relative to the earth but space ship in
orbit has an acceleration @, towards the centre of earth and

equals to the value of acceleration due to gravity g .

So, the apparent weight is gwen by
F,=mg-ma;

But ca; =g .
' F, =mg—mg
F,=0

This shows that an astronaut or any other body in the space ship w1ll be in the |
state of “weightlessness” or in state of “zero g”. So a body released inside the space ship
does not fall relative to it, and it appears to be weightless. ' '

Importance of Artificial Gravity:

~All the spacecrafts along withr astronaut and' other objects are ‘n the state of free fall, and
co'lsequently will be in the state of weightlessness. Weightlessness in space crafts or satellites is highly in
convenient to an astronavt in many ways. For example, we cannot pour liquid into a cup, neither we can .
drink from it. If the space craft is a space labortory intended. to stay in space for a long time the
" weightlessness may be a severe handicap to the astronavt in performing experiments. '
How to produce Artificial gravity?

In order to overcome these difficulties-an artificial gravity is created in the space craft
by spmnmg it around its own axis so that normal force of gravity can be supplied to the
occupants in the space craft.

Derivation of relevant equation and calculation of frequency
~ Calculation of spinning frequency:

To find the spinning frequency, consider a space craft consisting of two chambers
connected by a tunnel of length “ZR If “u” be the frequency of the ‘unnel and “T” be its time
perlod then. 1 :

T : , ) , L
The magnitude of the centripetal acceleration *“a.” which is equal to the magnitude of the
centntugal acceleration is given by _ - :

4n’R

ac T2 r=R
OR o = 47[2RL)2 rotation
C
OR Vv'= 9
. 477*R
1 Ja.
OR L=y =mmmmmmm ey

where R = half of the length of tunnel.
To create amf cial gravity equal to the gravity at the surface of the earth, put a. = gin equ (1).

1
0= — £
2r ,
‘This is the relevant equation of spinning frequency
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If length of the tunnel is 20m and g = 9.8 —; then

— s

1 \/9.8
v = —— .
2x3.142V 10
v=0.158 rev/sec
L =0.158x 60 = 9.5 rev / min v :
- Thus the astronaut should feel comfortable in space craft if it is spinning at 9.5
revolutions/minute at a distance of 10m away from the axis of rotation as shown in figure.




