
Gravitation 

S oln. : At h ei gh t  h ,  g h = g( t -2};_) wh ere h << R 

_ 2hg 
o r  g -g ri - R o r  I,, uh = 

2hg 
o R 

At dep th d, g a =g(t -f) wh ere d << R 

dg o r  g -g d
=

R 
do 

o r  b.g d = .R_ 
Fro m (i) and (ii), wh en !:,,g h = l:,,g , 

Zhg dg o r  d = 2h. 
R = R 

Gf!A lllTA TIONA l FIELD 

... (i) 

... (i i) 

® Th e sp ace aro und a materi a1 bo dy i n  whi ch i ts 
gravi tatio nal p ull can be exp eri enced i s  call ed i ts 
gravi tatio nal fiel d. 

l�tensity of Gravitational Field 
® Th e i ntensi ty o f  th e gravi tatio nal fiel d  o f  a bo dy at a 

poi nt i n  th e field i s  defined as the force exp eri enced by 
a bo dy o f  uni t mass pl aced at th at poi nt p rovi ded th e 

p resen-ce o f  uni t mass do es no t di sturb th e o ri gi nal 
gravi tatio nal field. I t  i s  deno ted by symbol E. 

e Th e i ntensi ty o f  gravi tatio nal field at a poi nt due to a 
bo dy o f  mass 1Vf, at a di stance r fro m th e centre o f  th e 
bo dy i s  

GM 
E = -

7 
wh ere -v e si gn sho ws that th e gravi tatio nal intensi ty 

i s  o f  attractiv e fo rce. 
® I ntensi ty o f  gravi tatio nal field i s  a v ecto r quanti ty. 

Its di mensio nal fo rmul a  i s  [M0L12]. 

s Uni t o f  i ntensi ty o f  gravi tatio nal fiel d  i n  SI system i s  
N kg-1 and i n  CGS system i s  dyne g-1 . 

GRA lllTA TIOI\IA l POTENTIA L 
® Th e gravi tati onal po tenti al at a poi nt i n  th e gravitatio nal 

fiel d o f  a bo dy i s  defined as th e amo un.t o f  wo rk do ne in 
bri ngi ng a uni t mass fro m i nfini ty to that poi nt. It i s  
deno ted by symbol V 

® Th e gravi tatio nal po tenti al at a poi nt i n  th e gravi tatio nal 
field du e to a bo dy o f  mass M at a di stance r fro m th e 
centre o f  th e bo dy i s  giv en by 

GM 
V = - �  

r 
® Gravi tatio nal po tenti al i s  a scal ar quanti ty. Its 

di mensio nal formul a i s  [M0L212] .  

® Uni t o f  grav:i.tatio nai po tenti al in SI system i s  J kg-1 and 
i n  CGS system i s  erg g-1. 

® Gravi tatio nal po tenti al (V) -is rel ated wi th gravi tatio nal 
fiel d  i ntensi ty (£) by a rel atio n 

dV E= -� 
dr 

Gravitational  Fiel d  I ntensity and G ravitati,rnal  
Potential due to a Sp herical Shell 
® Th e gravi tatio nal fiel d  i ntensi ty and gravi tatio nal 

po tenti al due to a sph erical sh el l  o f  radi us R and mass 

2 1 1  

M at a poi nt di stant r fro m th e centre o f  th e sh ell i s  
giv en as follo ws: 
0 

0 

0 

At a po int o utsi de th e sh ell i.e. r > R 

GM GM 
E outside = - -2-, Voutside = - - -

r r 
At a po int o n  th � surface o f  the shell i.e. r = R 

GM GM 
£surface = -7, Vsurface = - R 

At a poi nt i nsi de the sh ell i.e. r < R 

GM 
E - O V ·d _ _ _  _ inside - 1 1ns1 e - R 

Gravitati,rnal Field Intens ity and Gravitational 
Potential due to a Solid Sp here 
® Th e gravi tatio n.al fiel d i ntensi ty and gravi tatio nal 

po tenti al due to a soli d sph ere o f  radi us R and mass 11.,f 

at a di stance r fro m th e centre o f  the sph ere i s  giv en as 
follo ws: 
o At a poi nt o utsi de th e sph ere i.e. r > R 

GM GM 
E outside = - -2-, Voursicte = - - -

r r 
o At a poi nt o n  tb.e surface o f  the sph ere i.e. r = R 

GM GM 
£surface = -

R2 , vsurface = - R 
o At a poi nt i nsi de th e sph ere i.e. r < R 

GMr GM(3R2 
- r2

) 
£inside = - �' v;nside = - lR3 

3 
Note : Vcenrre = :;:- Vsurface L 

iil@tiWHrfi 
The gravi tatio nal intensity at th e centre o f  a h emi sp heri cal 
sh el l o f  uniform mass densi ty h as th e di rectio n i ndjcated by 
th e arro w (see figure) (i) a, (ii) b, (iii) c, (iv) 0. 

b 

Soln.: Th e gravi tatio nal po tenti al i s  co nstant at an poi nts 
i nsi de a sph eri cal sh ell. Therefore, th e gravi tatio nal po tenti al 

gradi ent at all poi nts i nsi de th e sph eri cal sh ell is z ero [i.e. as 
Vi s  co nstant, dV!dr = OJ. Si nce gravi tatio nal i ntensi ty i s  
equa] to negativ e o f  th e gravi tatio nal po tenti al gradi e:c:.t, 
hence th e gravi tatio nal i ntensi ty is zero at all poi nts i nsi de 2. 

hollo w sp heri cal shell . 
Thi s i ndi cates th at th e gravi tatio nal forces acti ng o n  a p arti cl e 
at any poi nt i nsi de a sph eri cal sh ell, will be symmetricall y 

pl aced. 
Th erefo re i fwe remov e th e upp er h emi -sph erical sh ell, th e 
net gravi tatio nal force acti ng o n  th e parti cl e at th e centre Q 

o r  at so me o ther poi nt P wi ll be acti ng do �wards ,vhi ch 
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will also be the direction of gravitational intensity. It is  so 
because, the gravitational intensity at a point is the 
gravitational force per unit mass at that point. Hence the 
gravitational intensity at the centre Q will be along c, i.e., 
option (iii) is correct. 
Illustration 9 

How is gravitational potential on the surface of earth, at a 
given point, related with acceleration due to gravity g? 
Take radius of earth = R. 
Solo.: Gravitational potential = V 

GM R - G.M 
.-. V = -R = R2 

= - Rg. 

Gravitational Potential Energy 

• The gravitational potential energy of a body at a point 
in a gravitational field of another body is defined as the 
amount of work done in bringing the given body from 
infinity to that point. 

• Gravitational potential = Gravitational x mass of 
energy potential the body 

• The gravitational potential energy of mass m in the 
gravitational field of mass M at a distance r from it is 

• 

• 

• 

• 

• 

• 

where, r is the distance between M and m. 
The gravitational potential energy of a mass 111 at a 
distance r (> R,) from the centre of the earth is 

U= mV=- GM,;n 
r Gravitational potential energy of a mass at infinite 

distance from the earth is zero. 
Gravitational potential energy is a scalar quantity. Its 
dimensional formula is [ML2T-2] and SI unit is J. 
Gravitational potential energy of a body of mass m at 
height h above the earth's surface is given by 

-GM m 
u,, 

e 
(Re + h) 

Gravitational potential energy of a body of mass m on 
the earth's surface is given by 

-GM m U = e 

s 
Re The change in potential energy when a body of mass m 

is moved vertically upwards through a height h from 
the earth's surface is given by 

!::,.U = V -U = GM m[..!_ __ l_] h s e R R + h 
e e 

(1:i) (· g
= G;,J GM.mh 

RJ (1 + ;J 
For h < < R,. ilU= mgh. 

Illustration 10 

A diametrical tunnel is  dug across the earth. A ball is 
dropped into the tunnel from one side. What is the velocity 
of the ball when it reaches the centre of the Earth? 
(Given : gravitational potenital at the centre of earth 
= 3GM/2) 
Soln.: As only the con_servative 
acting, 

gravitational force . is I 

� 

u1 + K1 = u2 + K2 

-GMm 
U = -- K = O I R ' I 

-3GMm 
U2 = 

2R 

K = 2 

GMm 

.!_mv2 � 
-GMm 

2 R 
1 -- -mv2 or 

2R 2 

® 
-3 GMm 

+ 0 =  --- + 2 R 

v2 
= 

GM 
R 

I 
7 

2mv-

GMm Now, mg = R2 

GM ,, ( GM'i or g = 7 � v- = 
R2 ) R = gR 

� v = ./iR 
lllustration 11  

If the acceleration due to gravity a t  the surface of  the 
earth is g, then what will be the work done in slowly 
lifting a body of mass m from the earth's surface to a 
height R equal to the radius of the earth? 
Solo. : Let W.,_, be the required work 

W = t,,.U = U - U er f o 

done in this case. 

GMm 
U

f
= -

(2R) ; 
GMm u =- --

0 R 
GMm GMm GMm 

AU = - -- + --. = --
2R R 2R 

GMm GM Now mg = -- or g = -- � MI =  ' R2 R2 
mgR 

2 
mgR 

:::::> w,x = -2-
SATELLITE 

• 

• 

• 

Satellite is natural or artificial body describing orbit 
around a planet under its gravitational attraction. Moon 
is a natural satellite while INSAT-lB is an artificial 
satellite of the earth. 
Orbital speed of a satellite : 
It is defined as the 
mm1mum speed 
required to put the 
satellite into a given 
orbit around earth. 

�
� 

Orbital speed of the satellite, when it is revolving 
around the earth at a height h is given by 

{GM;: @K_ [L (  GMe\ "o =r-;� =v� =Reyl f+h l As g= 
R; ) 



Grav,'tation 

• 

• 

• 

• 

\Vhen the satellite is orbiting close to the earth's 
surfuce, i.e., h < < Re then 

V 
0 

�9.8 x 6.4 x !06 
= 7.'J2 x Hf ms-1 <s 8 km  

The orbital speed of the satellile i s  independent of the 
mass of the satellite. The orbitai speed of the satellite 
depends upon the mass and radius of the earth/planet 
around which the revolution of satellite is taking place. 
The direction of orbital speed of the satellite at an i.1.stant 
is along the tangent to the orbitru path of satellite at that 
instant. 
Time period of a satellite : It is the time- ta.Y...en by satellite 
to complete one revolution around the earth and it is 
given by 

T = 2nr =2n / r
3 

= 2rr /(R, +h)' 2n 
/
/(R, + h)3 

v
0 

� GM
0 \/ GM, R., \ g 

For a satellite orbiting close to t.h.e ea.rill'::: surface i.e. 
h < <  

T = 2  /R,, = 84 6  
··· "fg=  · mm. 

The period of revolution of the satellite depends upon 
its height above earth's surface. Larger is the height of 
the satelHte, the greater will be its time period of 
revolution. 
Height of satellite above the earth's surface 

( ,1 2 ) 113 
h = _J R,g , = R  

- \ 4rr2 ) 0 

Kinetic energy of a satellite 

K = I 
1 2 r 2(R,+ h) 

Potential energy of a satellite 
U = = -- �

:::; 

-·· Gl',fem 

r Re + h  
Total energy (mechanical) of • satellite 

E = K + U  
2r 2(R, + h) 

For satellite orbiting very close to the surface of earth 

GM m i.e., h < < then E = ----'-, 
2Re 

Kinetic energy of a satellite is equal to negative of total 
energy while potential energy i s  equal to rvvice the total 
energy. 
i.e. K = - 1!.� U = 2E 

energy of a satellite 

Es = -E = 9.�em G]v[.,m 
a 2(R, + h) 

• 

I • 

Angular momen.tum. of a satellite 
/GM 2 112 L = m'.,,r= mr

\J
7 =[m rGM,] 
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Angular momentum of a satellite depends on both, mass 
of the satellite (m) and mass of the earth (MJ _It also 
depends upon the radius of the orbit (r) of the satellite. 
Angular momentum is conserved in the motion of 
satellite. 

Imagine a light planet revolving around a very massive 
star in a circular orbit of radius R with a period of 
revolution T. If the gravitational force of attraction between 
the planet a;1d the star is proportional to R-S:"2, u1ien show 
that fl will be proportional to R712• 

Soln.: The gravitational force is proportional m R 

� F = K· R _ where K is a constant. This is the force 
that provides the centripetal force for the planet's 
revolution around the star. 

K· R 

Hence, T2 = 

llltMt&iH,iil 
The magnitude of gravitational potential energy of the 
moon-earth system is U with zero potential energy at 
infinite separation. 111e- kinetic energy of the moon with 
respect to the earth is K. Then show that U > K. 

-Glvlm 
So!n. ; U(r) 

Where Af is mass of the earth, m is the mass of the moon 
and r is their distance of separation. 

F = =GMm( 2� = 
GMm 

r " r2 
J 

The force F provides the centripetal force for the moon 
to go around. 

Glvfm mvJ. GMm 1 
7 

Ghfm 
� mv2 = ·- - or K =  -mv- = 

r r 2 2, 
If we take U as the magnitude of poientia! energy 

=> U = GMm cc> K. = 
U 

r 2 
Hence, U > K 

IOtMttMH,ifl 
Which quantity is conserved for a sateHite revolving around 
the earth i11 a fixed orbit? 
Soh1,: 1n motion of satellite, angular momentum is 

conserved. 
L = mvr = constant 


