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T h e  re s u lta n t fie ld  s tre n g th  a t a  p o in t d u e  to  m o re  th a n  o n e  m a s s  c a n  b e  fo u n d  b y  th e

T h e  g ra v ita tio n a l fie ld  s tre n g th  a t a  p o in t is  th e  a c c e le ra tio n  o f fre e  fa ll a t th a t p o in t .

c re a te d  it .

 G r a v i ta t i on a l  f i el d s t r e n g t h  i s a  v e c t o r  q u a n t i ty
 a

n d  i t p o i nt s  t o w a r d s  t h e  m a s s  w h i ch �

N o te

S h .  II : e g .  A l H f u t ' " l w o m M p ( h t . ' " ls g lm b y °  ·

て 产 国因国
。

* N
x  a ı\h  山 诈  u n ifo rm  w ith  a  m a g n itu d e  o f 9 .  8 1 N  kg

-
1

.

H e n c e , n e a r  th e  s u rfa c e  o f th e  E a M , w e  c a n  c o n s id e r th e  g ra v ita tio n a ı tie ld  to  b e

冒to  b e  p a ra lle l to  o n e  a n o th e r a s  s h o w n  in  th e  fig u re  o n  th e  rig h t.

lts  c e n tre .  If w e  z o o m  In  to  a  re g io n  n e a r th e  s u rfa c e  o f tF re  E a rth , th e  fie ld  lin e a  e e

T h e  fig u re  o n  th e  le ft s h o w s  th e  fie ld  lin e s  a ro u n d  E a rth , w h ic h  a re  d ire c te d  to w a rd a

c e n tre .

F o r a  p o ın t m a s s  o r a  u n ifo rm  a p h e ric a ı m a s s .  Th e  fie ld  ıin e s  a re  d ire c te d  to w a rd ı llı

g ra v ita tio n a l fie ıd  a tre n g th  w ilı h a v e  d o ıe r o r d e n a e r fie ld  lin e s ,  a n d  v ic e  v e rs a .

T h e  d e n eıtv  o f 甘 ıe  n e id  lin e a  in d ic a ıe s  ıt&  l .  A  re g io n  w ith  a  ııro n g e r

T h e  d ire c tio n  o f th e  n e id  lín e a  ın d ic a le s  th e  ģ c l i o n  Q t M Q i o n a ı  ıia u ,

g ra v ita tio n a l fo rc e .

F ıe ıd  L ın e s  fie ıd  ıln e a  ın  w h ic h  th e  ta n g e n t a t a  p o in t o n  a  tie ld  ıin e  ıc tı ın  th e  d ire c tio n  o l th e

G ra v ıt a tıo n a l A  re g ıo n  o f g ra v ita tio n a l n e ld  c a n  b e  v iıu a liıe d  a s  c o n ıiııln g  o f a n  ırr  · y  o f Im ıg ln a ry

,

- ~ "

J»

: Į
r e n c e B  a  g ra v iıa llo n a ı fo rc e

ılÃ  w a v ıta tıo n a ı n e id  ıı ' re g io n  o f ıp ıc e  ın  w h ic h .  M a s s  p ıa c e d  ın  th a t re g lo n ıF ıe ld

G ra y lta t io n a l

7 .  2  G ra v ita tio n a l F l  · ıd  S tre n g th  g
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Q u e s tio n  W h a t h a p p e n s  if th e  E a rth  s p in s  fa s te r a b o u t its  a x is  o f ro ta tio n ?

o b je c t m o v in g  in  a  u n ifo rm  c irc u la r m o tio n .

A t th e  E q u a to r , p a rt o f th e  g ra v ita tio n a ı fo rc e  p ro v id e s  fo r th e  c e n trip e ta l fo rc e  to  k e e p  th e

v a lu e  is  k n o w n  a s  th e  a p p a re n t w e ig h t .

 T h e  s p r i ng  b a l an c e  i nd i ca t e s  a  va l ue  l es s  t h a n  t h e  t r u e  we i g
h t  of  th e  o b j ec t . T h i sa

�

T h e re fo re , T  =  
F

.

- F c

.  S in c e  t h e  o b je c t u n d e rg o e s  c irc u ıa r m o tio n , F R
-

F
c

- F
.

- T

A p p ly in g  N e w to n
'

s  s e c o n d  la w , F n
-

F
.

- T

R e s u lta n t  fo rc e  F n  a t  t h e  E q u a t o r

 T h e  s p r i ng  b a l an c e  i nd i ca t e s  F .
.  w h ich  is the  true  we i gh t  of  the  ob j ec t .�

T h e re fo re , T  =  
F

,

S in c e  th e re  is  n o  c irc u la r m o tio n , F n
-

O
: $  

P ly " g  N e w to n
'

" " ' "  la w , F n
-

F
*

- T

R e s u lta n t  f o r c e  F  a t t h e  p o la r re g io n

m o tio n  a t th e  E q u a to r .

a n d  p o ıa r re g io n s .  H o w e v e r , T  w ilı b e  d iĦe re n t b e c a u s e  th e  m a s s  u n d e rg o e s  c irc u la r

lf th e  E a rth  is  ta k e n  to  b e  a  u n w o rm  s p h e re , th e n  F ıi  th e  s a m e  a t b o th  th e  e q u a to rıa ı

ro r o  
\ 

:Ť L )

R o ta t io n  w e ig h t) a n d  fo r c e  T d u e  to  th e  a p rin g .

d u e  to  E a rth
'
=  ın  b o t h  c a s e s  ıh e r e  a r e  ıw o  f o r c e ı  a c ll n g  o n  m a s s

-

g ra v iıa tio n a ı fo rc e  F ,  (tru e

F ie ld  S tr e n g th

G ra v lta tıo n a l th e  E a rth - th e  E q u a to r a n d  th e  N o rth  P o le .

V a r ia tio n  ın  T h e  fig u re  s h o w a  a n  o b je c t o r m a s s  m  h a n g in g  tre m  a  s p rin g  b a la n c e  a t ıw o  p la c e s  o n
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\ ų t u lį ' ; 

.  \ .  TmwitlmJ

m in e ra ls  a n d . '

ï . '

g ra v ita tio n a l fie ld  c a u s e d  b y  m o u n ta in s  a n d  tre n c h e s , a s  w e ll a s  th e  p re s e n c e  o f

T h e  E a rth
'

s  ìŝ  ħo i u n i t a .  T h e re  a re  lo c a l v a ria tio n s  in  th e  E a rth
'

s 2 . �

F ie ıd  S t re n g th

G ra v it a tio n a l d ia m e te r.

A Ħe c t in g  6 a l  s y m ı lts  p o la r d ia m e te r ls  a b o u t 4 0  k m  le s a  th a n  its  e q u a to ria l
o th e r F a c to rs  1 .  T h e  g ra v ita tio n a l fie ıd  s tre n g th  o v e r th e  E a rth

'

s  s u r fa c e  v a rie s  a s  th e  re a u lt o f its ıi 區目

» t o \

S o lu tıQ n  
b r n ? r

re a d  In  k g ?
(ıı) If a  6 .  0  kg m a s a  ıı p ıa c e d  o n  a  w e ig h in g  = c a ıe  a t th e  E q u a to r ,  w h a t w o u ıd  th e  e c a ıe

o b je c t p la c e d  a t th e  E q u a to r .

(ı} G iv e n  th a t th e  E a rth
'

a  r a d iu s  la  6 3 7 o  k m , fin d  th e  c e n trip e ta ı a c c e ıe ra tio n  o f a n
E x a m p ıe  7 .  4
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O bje c ts  w h ic h  a re  b o u n d e d  h a v e  a  n e g a tiv e  to ta l e n e rg y !

T h e  c e n trip e ta l fo rc e  is  p r ロ v id e d  b y  th e  g ra v ita tio n a l fo rc e  d u e  to  th e  p la n e t .

S in c e  s a te llite  is  m o v in g  in  a  u n ifo rm  c irc u la r m o tio n , it e x p e rie n c e s  a  c e n trip e ta ı fo rc e .

ş o lu !ip ņ

W h a t is  th e  to ta ı e n e rg y  o f th e  s a te llite ?

m o tio n  o f ra d iu s  r  a ro u n d  a  p ıa n e t o f m a s s  M .

A  s a te llite  o f m a s s  m  is  m o v in g  in  a  u n ifo rm  c irc u la rE x a m p le  7 .  5

◆
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a d d in g  o f th e  p o te n tia ls  a t th a t p o in t d u e  to  e a c h  o f th e  m a s s .

T h e  g ra v ita tio n a l p o te n tia l a t a  p o in t d u e  to  tw o  o r m o re  m a s s e s  c a n  b e  fo u n d  b y

T h e  n e g a tiv e  s ig n  is  n o t a n  in d ic a tio n  o f d ire c tio n  a n d  it c a n n o t b e  o m itte d .

G ra v ita tio n a l p o te n tia l is  a  s c a la r q u a n tity .

N o te

n e g a tiv e  v a lu e

H e n c e , b a s e d  o n  its  d e fin itio n , g ra v ita tio n a l p o te n tia l (o r p o te n tia l e n e rg y ) h a s  a

 T h i s r e s u ı ts  i n n e g a t i ve  w o r k  d o n e  b y
 t

h e  e x t e r n a ı  f o r c e . �

m a s s  a s  it is  b e in g  lo w e re d  to w a rd s  th e  E a rth , )

o f d ls p ıa c ė m e n t o f th e  m a il (w e  c a n  im a g in e  th e  e x te rn a l fo rc e  s u p p o rtin g  th e

in  th e  g ra v ita tio n a l l g r e c t ıo n  o f th e  e x te m a ı e ı is  Đ p ğ  to  th e  H ıie t tï m

S in c e  g ra v ita tio n a ı fo rc e  is  a ttra c tiv e  in  n a tu re , to  b riN  a  m a s s  fro m  In fin ity  to  a  p o in t

 G r a v ıta t i on a ı po t en t l aı  (or  po t en t iaı en e r gy )  at  ınf inl ly ıa ze r o. �

A Th y  ı  · g ra v ıta tıo n a ı p o te n tıa ı (o r p o te n tııı e n e rg y ) n o g a tıv e  In  v ııu e ?  4-

¢  f h * m
r f

i
a  łhto卤二陣 二人 囁

rų r f ıu

w h e re  th e  m a s s  m  o f th e  e m a ıı te s t m a s s  c a n c e ls  o u ł 
t . ' " J m  W r  

· \m Į  ı d

. , " " t" " k " " o i" " a a  

ĺ
'" .

.

-

¢- ii

P o te n tıa ı
'

c ıın « m » W = T a×te m a l fo rc e  in  b rin g in g  a  s m a lı le a l m a s s  fro m  in fin ity  to  rìiĦ rlm

G ra v ita tio n a ı li iia i ı a t a  p o i n t ın  a  g  ra  v  it a ı io n  a ı file  Id  la  d  e fin e d  a  s  t rıe  

I
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'

t t l

q ,  m

W h a t is  th e  w o rk  d o n e  w h e n  a  2  k g  m a s s  is  ta k e n  fro m  X  to  Y ?

2 L

L

T h e  g ra v ita tio n a l p o te n tia l a t X  is - 8  kJ kg
-

1

.

T h e  fig u re  s h o w s  tw o  p o in ts  X  a n d  Y  a t d is ta n c e s  L  a n d  2 L  fro m  th e  c e n tre  o f th e  E a

E x a m p ıe  7 .  7  tS A J C ıH 2ıP r e ıım s  2 0 1 0 /p 1 ı1 3 -
m o d ifie d ]

 1,  18×1 0 +
 1

 k g -

1
�

==== 6 .  6 7777 × ll11 0000
-

1111 1111  

× 5555 .  9  8  × 1 0
24  

(īōir - ã3ã3ã38 12 0 012 0 0))))

- G m (i ł)

E a rth  to  a  p o in t 1 2 0 0  m  a b o v e  th e  s u rfa c e .

th e  c h a n g e  in  th e  g ra v ita tio n a l p o te n tia ı a s  a n  o b je c t ls  m o v e d  » o m  th e  s u rfa c e  o f th e

G iv e n  th a t th e  m a s s  o f th e  E a rth  is  5 .  9 8  × 1 o  
2 4  

k
g  a n d  it s  r a d iu s  i s  6 .  3 7  × m  

6  
m , 

c a ıc u ïa teE x a m p ıe  7 .  6
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- 1 .  12 × 1 0  
4  

m  S

-
1  1 .  12 × 1 0

+  
m  S

-

1

- J 
2 

q x  o R .  l2 *  9 .  8 1 *  (6 .  3 7 × 1 0  
°

)

V  ŹgŘ

S o lu tiq ņ

5 .  9 8  × 1 0
2  4  

k g  a n d  r a d iu s  6 .  3 7 × 1 0
8  

m .  If C a lc u la te  th e  m in im u m  e s c a p e  s p e e d .

E x a m p ıe  7 .  a A  s p a c e c ra ft o f m a s s  5 0 0 0  k g  p ro p e ls  its e lf fro m  th e  s u rfa c e  o f th e  E a rth  o f m a s s

T h e  e s c a p e  v e lo c ity  fo r E a rth  is  1 1 .  2  k m  s
-

1

.

T h e  e s c a p e  v e lo c ity  i s ı B � Ħ S m .  

Tm ş E

N o te

F o r m u la  
. '

.  
n  1w q À ,"

T o ta ı e n e rg y

T h e re fo re , m in im u m  e n e rg y  to  re a c h  in fin ity  is  s u c h  th a t

' " 븍严.  M  一  =  . 。

'

s u rfa c e  o f th e  E a rth .  Its  in itia ı G P E  a n d  K E  a re

C o n s id e r a n  o b je đ  (e .  g .  a  ro c k e t) o f m a s s  m  b e in g  p ro je c te d  w ith  a  v e ıo c lly  v  fro m  th e

b e  a b le  to  ju s t re a c h  in fin ity  a n d  s to p  th e re .

u n c h a n g e d  th ro u g h o u t its  m o tio n .  T h is  m e a n s  th a t a n y  o b je c t w ith  a  lo la ı e n e rg y  z e ro  w ilı

F ro m  th e  p rin c ip ıe  o f c o n s e rv a tio n  o f e n e rg y , th e  to ta ı e n e re y  o f a n  o b le c l s h o u ld  re m a ın

e n e rg y  a t In fin ity  ıs  g iv e n  b y  ħ
-

E p  
◆  E i« ·  O .

o b je c t h a s  s u ffic ie n t e n e rg y  Io  J u s t re a c h  In fin ity , 
118  K E  a t In fin lly  ls  z e ro .  S o  th e  to ta l

g ra v ita tio n a ı in n u e n c e  a n d  re a c h  In fin ity ?  A t ın fin lly , its  G P E  l8  d e fin e d  a s  z e ro .  If th e
H o w  m u c h  e n e rg y  d o e s  a n  o b je c t o f m a s s  m  n e e d  In  o rd e r Io  e s c a p e  fro m  th e  E a rth

'

8

s o lu tio n  to  th is  p ro b le m  ls  e im p ıe  ıf w e  c o n s id e r th e  e n e rg y  o f th e  o b je c t.

a w a y  n o m  th e  E a rth .  ıf th ia  is  p o s s ib ıe , w h a t ıs  th e  v a lu e  o f th is
"

e s c a p e  v e lo c ity
"

?  T h e
a c c e le ra tio n  o f fre e  fa ıl d o e s  n o t e ta y  a t e .  8 1 m  5  

2 
b u t d e c re a s e s  a s  th e  o b je c t m o v e s

V e lo c ity  v e lo c ity  th a t it w ill n e v e r fa lı b a c k  to  E a rth ?  T h is  ls  a c tu a lly  p la u s ib le  b e c a u s e  th e
E s c a p e  H a v e  y o u  ė v e r w o n d e re d  If it la  p o s s ib le  to  th ro w  a n  o b je c t In to  th e  a ir a t s u c h  a  h ig h

p e  v e ıo c ıty7 .  4
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\.  c o x lĐ
"

J

Ē n  '

E
.  M .

- E
w  ir iu

H e n c e ,

m in im u m  k in e tic  e n e rg y ) .

A t in fin ity , G P E  is  O  (b y  d e fin itio n ) a n d  K E  is  O  (s in c e  s p a c e c ra ft is  la u n c h e d  w ith  th e

to ta l e n e rg y  o n  s u rfa c e - t o t a l e n e r g y  a t  in f in it y

B y th e  p rin c ip le  o f  c o n s e rv a tio n  o f e n e rg y ,

S O lu tio n

E a rth .  Ig n o re  a ir re s is ta n c e .

s u rfa c e  o f E a rth  s o  th a t it c o m p le te ly  esapes fro m  th e  g ra v ita tio n a l a ttra c tio n  o f th e

m in im u m  k in e tic  e n e rg y  re q u ire d  to  p ro je c t a  s p a c e c ra ft o f m a s s  2 5 5 0  k g  fro m  th e

G iv e n  th a t th e  m a s s  o f E a rth  is  5 .  9 8  × 1 0
2 4  

k g  a n d  it s  r a d iu s  is  6 3 7 0  k m ,  
d e te rm in e  th e

[R I/H 21P re lim s  2 0 1 0 ıp 2 ı3 - p a r ti
E x a m p ıe  7 .  9
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K e p le r
'

s  t h ird  la w .

w h e re  T  is  th e  o rb ita l p e rio d  a n d  r  is  th e  o rb ita l ra d iu s .  T h is  re la tio n s h ip  is  a ıs o  k n o w n  a s

P .  /

ē iii
T

2
.  E r

a

b  
T r

' " a  )

-
M m

F
g  

=  F
.

A p p lyin g  N e w to n
'

s  s e c o n d la w  o f m o tio n
, 

r ı . . .  \ b ,)

S a te llite s  g e n e ra lly  d o  n o t h a v e  a n y  e n g in e  p ro p e llin g  it .

fo rc e  p ro v id e s  th e  c e n trip e ta l fo rc e  n e c e s s a ry  fo r th e  c irc u la r m o tio n  o f th e  s a te llite ,

�T h e  o n ly  fo rc e  a c tin g  o n  th e  s a te llite  is  th e  g ra v ita tio n a ı fo rc e .  H e n c e , th is  g ra v ita tio n a ı

\  /

(
'

c d

iiř  C o n s id e r a  s a te llit s  m  m o v in g  w ith  lin e a r s p e e d  v  in  a  c lrc u ıa r o rb it o f ra d iu s  r

L a w

K e p le r
'

s  T h

a ) V

2 tr 2 rr f

ls  g iv e n  b y

T h e  lim e  ta k e n  fo r th e  o b je đ  Io  m a k e  o n e  c o m p ıe te  d rc ıe  l8  k n o w n  a s  th e  p e rio d  T , w h ic h

w h e re  v  l8  th e  ıin e a r v e ıo c lty  a n d  a ) ls  th e  a n g  u ıa r v e ıo c lly .

1
-

，

一
― ―

饥 田 r o r

m v
'

T h is  ıa  k n o w n  a s  th e  c e n trip e ta ı fo rc e , w h ic h  c a n  b e  e x p re a a e d  a s
re s u ıta n t fo rc e  F .  a c t in g  o n  t h e  o b je c t w h ic h  ıa  d ire c te d  to w a rd a  th e  c e n tre  o f th e  c ırc le .

R e c a p  F o r a n y  o b je c t o f m a s s  m  to  m o v e  in  u n ifo rm  c irc u la r m o tio n  o f ra d iu s  r , th e re  m u s t b e  a

7 .  5  e u r y  
&  S a te llllo  M o tıo n ı
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/ ĵ rb ita ı p la n e  m u s t c o n ta in  t h e  c e n tre  o f t h e  E a rth .

a te ııite .  S in c e  th e  c e n trip e ta l fo rc e  is  d ire c te d  to w a rd s  th e  c e n tre  o f th e  E a rth , 
th e

e  g ra v ita tio n a l fo rc e  d u e  to  th e  E a rth  p ro v id e s  fo r th e  c e n trip e ta l fo rc e  o n  th e

r \ þ * » »
\ Į b b \ 0 0

\ ıt
"

' '

W  
m u t

Łio lu tio n

T a k e  E a rth  a s  a  u n ifo rm  s p h e re  o f ra d iu s  6 3 7 0  k m  a n d  m a s s  5 .  9 8 × 1 0
2 4  

k g .

(b ) B rie fly  e x p la in  w h y  th e  o rb ita ı p la n e  o f a n y  s a te llite  in c lu d e s  th e  c e n tre  o f th e  E a rth .

E x a m p ıe  7 .  1 1 (a ) A n  o b je c t o rb its  a t a ri
'

a ltitu d e  o f 3 0 0  k m  a b o v e  th e  E a rth .  W h a t is  its  lin e a r v e lo c ity ?

1 . . . "
Q m  

Y 3

)

ş g Y l!g n

p e rio d  o f N e p tu n e
'

s  a r o u n d  th e  S u n .

o n e  re v o lu tio n  a ro u n d  th e  S u n .  If N e p tu n e  is  4 5 0  × 1 0
"

m  fro m  th e  S u n , c a lc u la te  th e

M e rc u ry  is  5 .  7 9  × 1 0
"

m  f ro m  t h e  S u n  a n d  it ta k e s  0 .  2 4 1 E a rth  y e a rs  fo r M e rc u ry  to  m a k e

tM l/H 2 /P r e ıim s  2 0 1 0 /P 1 11 4 -
m o āiiie d ]

E x a m p ıe  7 .  1 0
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l u t i o n

G .  m o m e n tu m

F .  m a s s

E .  r a d iu s  o f o rb it

D .  p e rio d  o f o rb it

C .  kin e tic  e n e rg y

B .  c e n trip e ta l a c c e le ra tio n

A .  a n g u la r v e lo c ity

g e o s ta tio n a ry  o rb its  a ro u n d  th e  E a rth ?

E x a m p ıe  7 .  1 2  W h ic h  o f th e  fo llo w in g  q u a n titie s  a re  n o t n e c e s s a r ŕly  th e  s a m e  fo r s a te llite s  th a t a re  in

3 .  Tim e  la g  in  te le c o m m u n ic a tio n .

2 .  p o o re r re s o lu tio n  in  im a g in g  s a te llite s ,

1 .  a  s ig n ific a n t ıo s s  o f s ig n a l s tre n g th s ,

s a te llite s , w h ic h  ty p ic a lıy  o p e ra te  a t a n  a ltitu d e  o f a  fe w  h u n d re d  k iıo m e tre s .  T h is  ıe a d s  to

ıts  d is ta n c e  fro m  th e  E a rth
'

s  s u r fa c e  is  la rg e  c o m p a re d  to  th e  L o w - E a rth  O rb it (L E O )

D is a d v a n t a g e s

a re a .

3 .  D u e  to  th e  h ig h  a ltitu d e , t h e  s a te llite  c a n  tra n s m it a n d  re c e iv e  s ig n a ls  o v e r a  ıa rg e

2 .  E a s y  fo r th e  g ro u n d  s ta tio n  to  c o m m u n ic a te  w ith  it .

1 .  C o n tin u o u s  s u rv e illa n c e  o f th e  re g io n  u n d e r It,

A d v a n ta g e s  o f u s ın g  a  g e o s ta tıo n a ry  s a te lılte

T h e re fo re , th e  h e ıg h t o f th e  o rb it a b o v e  th e  E a rth
'

e  s u r fa c e  =  4 2 2 0 0 - 64 0 0 - 3 5 8 0 0  k m .

, =  (qG) 
į

.  W  
'" = ' " .  E  

ļ
.  4 2 2 oo  k m

T h e  ra d iu s  o f a  g e o ıta tio n a ry  o rb it ls

3 ,  It Ile s  a b o v e  th e  E q u a to r (o r In  th e  s a m e  p ıa n e  a s  th e  E q u ıto r) .

(e a s ıw a rd ) .

2 .  ıts  d ire c tio n  o f ro ta tio n  l=  th e  s a m e  a s  lh a t o f th e  E a rth  a b o u t ltı a x ıı o f ro ta tıo n

1 .  Its  o rb lta ı p e rio d  ıa  th e  s a m e  a s  th a t o f th e  E a rth  a b o u t llı a x lı o f ro ta tıo n  (2 4  h rı) ,

A  g e o s ta tio n a ry  s a te lıite  m u a t ıa lıa fy  th e  fo ıla M n g  c o n d itio n s{ Im p o rt a n t

O r b it s  th e  E a rth
'

8  s u r fa c e .

G e o s t a t io n a ry  A  g e o a t a tıo n a r y  a a to llıte  ıa  o n e  th a t re m a in a  a t a  fix e d  p o s itio n  re la tıv e  to  a n y  p o in t o n

Y E A R  5 4  p H Y S ıC S  D E P A R T M E N T
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n o  d is ru p tio n  to  th e  s ig n a ls .

(c ) T h e  e a rt h b o u n d  tra n s m itte rs  a n d  re c e iv e rs  c a n  b e  a im e d  in  a  fix e d  d ire c tio n , w ith

ro ta tio n  a s  th e  E a rth  a b o u t its  a x is  o f ro ta tio n
, 
i 引  Fro m  w e s t to  e a s t .

2 .  F o r a  s a te lıite  to  s ta y  a b o v e  a  fix e d  p o in t , 
it .  

M u s t h a v e  th e  s a m e  d ire c tio n  o f

g e o s ta tio n a ry .

h e m is p h e re  a n d  s o m e tim e s  o v e r th e  s o u th e rn  h e m is p h e re , a n d  s o  c a n n o t b e

is  n o t o n  th e  e q  u a to r , t h e  s a te ılite  m u s t s o m e tim e s  b e  o v e r th e  n o rth e rn

E a rth , a n y c irc u la r o rb it m u s t h a v e  its  c e n tre  a t th e  c e n tre  o f th e  E a rth .  If th e  o rb it

S in c e  th e  c e n trip e ta ı fo rc e  o n  th e  s a te llite  is  d ire c te d  to w a rd s  th e  c e n tre  o f th e(b ) 1 .

圆

圆

S o lg tio n s

«c ) W h y  a re  s u c h  s a te ııite e  o fte n  u s e d  fo r te le c o m m u n ic a tio n s ?

2 .  M u s t m o v e  fro m  w e s t to  e a r l.

1 .  M u s t  b e  p la c e d  v e rtic a lly  a b o v e  th e  e q u a to r ,

(b ) E x p la in  w h y  a  g e o s ta ılo n a ry  a a te llite

6 .  Th e  m a s s  o f th e  E a rth ,

4 .  Th e  fo rc e  o f a tlra c lio n  b e tw e e n  th e  E a rth  a n d  th e  a a te lıite ,

3 .  Th e  a c c e le ra ıio n  o f th e  s a te llite ,

2 .  Th e  s p e e d  o f th e  s a te llite ,

1 .  Th e  a n g u la r v e lo c ity  o f th e  a a te ıliıe ,

(a ) C a lc u la te

4 ,  2 3  × 1 0
'

m  fr o m  th e  c e n tre  o f th e  E a rth .

A  s a te llite  o f m a s s  2 4 0 0  k g  ıı p la c e d  In  a  g e o s ta ıio n a ry  o rb it a t a  d is ta n c e  o f

Y E A R  5 4  P H Y S ıC S  D E P A R T M E N T
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3 .  0 rb its  a b o v e  th e  e q u a to r .

2 .  S a m e  E a s tw a rd  ro ta tio n  a s  th e  E a rth .

1 .  S a m e  2 4 - h o u r o rb ita ı p e ń o d  a s  th e  E a rth .

u n c h a n g e d

p o in t o n  th e  E a rth
'

s  s u r fa c e
, 
ie  its  re la tiv e  p o s itio n  w ith  re s p e c t to  th e  E a rth  re m a in s

T h e s e  c o n d itio n s  w ilı e n s u re  th a t a  g e o s ta tio n a ry  s a te llite  is  a lw a y s  a b o v e  th e  s a m e

3T
2  

=  
r

- m r  Ĺ ) 
2

.  

G M

V
o rb « a l 

=

r 歹

G M m  m v
'

F o r a  b o d y  to  o rb it a ro u n d  th e  E a rth  a t ra d iu s  r

R
E a rth  

2

- ― ―  + - m v  
2  

===  O  = >= >= >  v
e s c a p e  

===  -==  2 g 4 .  Rth

 F o r  a  b o d y  to  e s c a p e  f r o m  t h e  E a r t h '
s

 g r av i tat ion a ı inf ıue n c e �

 R e l at i on s h i p
 b e t we e n  g  a n d  ¢ : g  =

- i

�
d q  =  n e g a tiv e  p o te n tia ı g ra d ie n t .

R e ıa tio n s h ip  b e tw e e n  F  a n d  U  F  = -

.
.

. _

d u

m

· R e la t io n s h i
p  

b e tw e e n  U  a n d  ¢ : ¢ =
t/

 R e l at i on s h ı p b e t we e n  F  an d  g
 g  =�

G ra v ita lio n a ı p o le n lia ı : ¢ = -

F

r

*  G r a v it a t io n a ı p o le n lla l e n e r g y  
U  = - _ -

r

G M m

 G r a v l ta t i on a ı  f i eı d s t r e n g
t

h  : g '
T

r �

G M

G ra v ita tio n a ı ro rc e

Į  $
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国

z e ro .  S o  th e  e ffe c tiv e  m a s s  is  o n ly  th o s e  w ith in  th e  d o tte d  s h a d e d  s p h e re .

w ith  ra d iu s  >  r  p ro d u c e s  z e ro  re s u ıta n t fie ld  a t P  th e n  c ıe a rıy  th e ir  c o m b in e d  e ffe c t is  s tiıl

A  s o ıid  s p h e re  c a n  b e  im a g in e d  to  b e  m a d e  u p  o f ıa y e rs  o f s p h e ric a ı s h e lls .  ıf e v e ry  s h e ıı

fie ld  d u e  to  th e  w h o le  s p h e ric a l s h e ıl is  z e ro .

a n d  B  is  z e ro .  A p pıy th is  a rg u m e n t to  e v e ry  d ire c tio n  a ro u n d  P
,  w e  fin d  th a t th e  re s u lta n t

in  d ire c tio n  s in c e  A  a n d  B  a re  o n  o p p o s ite  s id e s  o f P .  S o  th e  re s u lta n t fie ld  a t P  d u e  to  A

s tre n g th s  o f A  a n d  B  a re  e q u a ı in  m a g n itu d e  a t P .  It is  a ls o  o b v io u s  th a t th e y  a re  o p p o s ite

ın  b o th  c a s e s  th e  ť s  c a n c e ı a w a y  a n d  w e  g e t G Q  
2 
L p

fo r  b o t h .  S o  th e  g ra v ita tio n a l fie ld

P.  r

H e n c e ,  th e ir g ra v ita tio n a ı fie ld  s tre n g th  a t P  w  įlı b e  G  a n d  
G  

(fa Q ) 
2  
L p  r e s p e c t iv e l

y .

m a s s e s  w iıı b e  (fA Q  ) 
2  
L p  a n d  (fe Q  ) 

2  
L p  re s p e c t iv e ıy , 

w h e re  p  is  th e  d e n s ity  o f th e  s p h e re .

s q u a re  o f s id e s -
a r c  ıe n

g
t h , r Q  ) a re  g iv e n  b y  (fA Q  ) 

2  
a n d  (fg Q  ) 

2  
re s p e c tiv e ıy .  S o  th e ir

s id e s  o f P  a s  s h o w n .  If th e  a n g le  th e y  s u b te n d  a t P  is  th e n  th e ir a re a s  (c o n s id e rin g  a

fro m  e v e ry  p o rtio n  o f th e  s h e ll.  T w o  p ie c e s  o f m a s s  A  a n d  B  a re  ıo c a te d  o n  th e  o p p o s ite

F irs t , c o n s id e r a  th in  s p h e ric a ı s h e ıı o f th ic k n e s s  L .  P  e x p e rie n c e s  th e  g ra v ita tio n a l fie ld

th e ir n e t fo rc e  o n  a n y  m a s s  p la c e d  a t P  is  z e ro .

th e  m a s s  (th e  u n s h a d e d  p o rtio n ) c a n c e ls  o u t e a c h  o th e r
'

B  g ra v ita tio n a ı e ffe c t s u c h  th a t

; Ms h a d e d  s p h e re  w ith in  d o tte d  s p h e re  o f ra d iu s  r .  T h e  a p p ro a c h  ıs  to  p ro v e  th a t th e  le a l

s p h e re .  W e  w ill p ro v e  th a t th e
"

e Ħe c tiv e  m a s s
"

c o n s i B ts  o f o n ıy  th e  m a s s  e n c lo s e d  Jy
'

C o n s id e r a  p o in t P  lo c a te d  w ith in  a  s o lid  s p h e re  a  d is ta n c e  r  fro m  th e  c e n tre

,

Ţ
.: I.  

} Ů
..

" " k" " - L

A p p e n d ix  A  C r o s s -

s e c tıo n a l v ıe w  3 D  v ie w  t o  s h o w  t h e  a r e a s  o f  A  a n d  B

G ra v lt a t io n a ı F ie ld  In a ld e  a  H o m o g e n o u s  S p h e rıc a l S h e lı o f  M a s s
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- Ĺ  )

a n d  fz  
·  R e  

+  h .  T h e n

T a k e  p o in t 1 to  b e  th e  g ro u n d  ıe v e l a n d  p o ın t 2  a  d is ta n c e  h  a b o v e  II, s u c h th a t r\  
·  

R p

P ro o f

p o in t 1 a n d  p o in t 2 .

g ra v ita tio n a l p o te n tia l e n e rg y  U .  T hia  II  a  g o o d  a p p ro x im a tio n  ıf g  la  c o n e ta n t b e tw e e n

s u rfa c e  o f th e  E a rth , w e  u s u a lly u s e  th e  fo rm u la  m g h  to  d e te rm in e  th e  g a in  In

W h e n  a n  o b je c t o f m a s s  m  le  lifte d  th ro u g h  h e ig h t h  fro m  p o in t 1 to  p o in t 2  n e a r th e

v a tio n  o f ßu «  m g ?
'

:

!

'

Y E A R  吕名 P H Y S ıC S  D E P A R T M E N T

R A F F L E S  IN S T ıT U T ıO N

·

一
一

种


