
A  1 .  8 × 1 0
'

J  B  5 .  5 × 1 0
7  

J  C  1 .  1 × 1 0
8  

J  D  2 .  2  × 1 0
8  

J

to  lift a  m a s s  o f 2 .  o  kg fro m  its  s u rfa c e  in to  o u te r s p a c e  is  

m .  T h e  e n e rg y  n e e d e d

f(r + h )
2

-

(, + h )

" ― ―

リ

フ
ー

W h a t is  th e  g ra v ita tio n a l fie ld  s tre n g th  a t a  h e ig h t h  a b o v e  th e  g ro u n d ?

u n ifo rm  s p h e re  o f ra d iu s  r .  T h e  g ra v ita tio n a ı fie ld  s tre n g th  a t its  s u rfa c e  is  g .

th a t o f a  p o in t m a s s  M  a t th e  c e n tre  o f th e  s p h e re .  T h e  E a il h  m a y  b e  ta k e n  to  b e  a

O u ts id e  a  u n ifo rm  s p h e re  o f m a s s  M , th e  g ra v ita tio n a l fie ld  s tre n g th  is  th e  s a m e  a s
S P 2

A  m  S
-

2  B  N  m
-

2  

kg
2  

m
a  

k g

'
s

-
Z  

D  m
2  

k g

-
2

S P 1 T h e  S l b a s e  u n its  o f th e  g ra v ita tio n a l c o n s ta n t G  is  r .

f  · (U   · R \

S e lf - P r a c tic e  Q u e ş .  
Tio n s

th e  tw o  e x p re s s io n s ?

th e  o rb ita l v e lo c ity  o f th e  s a m e  o b je c t a ro u n d  th e  E a rth ?  W h a t a re  th e  d iffe re n c e s  in

S ta te  th e  e x p re s s io n s  fo r th e  e s c a p e  v e ıo c ity  o f a n  o b je c t fro m  th e  s u rfa c e  E a rth  a n d5 7

5 6  W n a t is  a  g e o s ta tio n a ry  s a te ılite ?  W h y  is  th e  g e o s ta tio n a ry  o rb it u n iq u e ?

5 5  W h a t c a n  y o u  s a y  a b o u t th e  to ta l e n e rg y  o f a  s a te llite  th a t is  b o u n d  to  p la n e t?

5 4  W h a t is  g ra v ita tio n a l p o te n tia l?  S ta te  a n  e x p re s s io n  fo r th e  g ra v ita tio n a l p o te n tia l.

s tre n g th .

5 3  W n a t is  g ra v ita tio n a ı fie ıd  s tre n g th ?  S ta le  a n  e x p re s s io n  fo r th e  g ra v ita tio n a l fie ıd

to ?

5 2  W n a t d o e s  N e w to n  
* 

s  ıa w  o f g ra v ita lio n  s ta te s ?  W tra l k in d  o f o b je c ta  c a n  it b e  a p p ıie d

5 1 W h a t l8  a  g ra v ita tio n a l fie ıd ?

s e lf - c w 1 n s

T u to "



D  o rb ita l p e rio d

C  k in e tic  e n e rg y

B  c e n trip e ta l a c c e ıe ra tio n

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

o rb its  a ro u n d  th e  E a rth ?

S P B W h ic h  q u a n tity  is  n o t n e c e s s a rily  th e  s a m e  fo r s a te llite s  th a t a re  in  g e o s ta tio n a ry

2R
A  Jg Ř  B  m g R  C  D  

m g

le a s t

T o  e s c a p e  * o m  th e  g ra v ita tio n a l fie ld  o f th e  E a rth ,  th e  s p e e d  o f th e  b o d y  m u s t b e  a t

a c c e le ra tio n  o f * e e  fa ll is  g  a n d  th e  ra d iu s  o f th e  E a r th  is  R .

S P 7  A  b o d y  o f m a s s  m  is  p ro je c te d  fro m  th e  E a r th
'

s  s u r fa c e .  A t th e  p o in t o f la u n c h ,  th e

A  
T o c R

į  
B  

T o c R
Ĵ  

C  
T o c s

į  D  T o c p

3

W n ic h  o n e  o f th e  fo llo w in g  c o rre c tly  s h o w s  h o w  T d e p e n d s  o n  P ,  R  S ?

p e rio d  T .

S P 6 A  pıa n e t o f m a s s  P  m o v e s  in  a  c irc u la r o rb it o f ra d iu s  R  ro u n d  a  s u n  o r m a s s  S  w ith

E  g  ra v ita tio n a l p o te n tia ı e n e rg y

D  a n g u la r v e lo c ity

C  lin e a r s p e e d  in  th e  o rb it

B  c e n trip e ta ı a c c e ıe ra tio n

A  g ra v ita tio n a ı fo rc e

c h a n g e ?

W n ic h  o n e  o f th e  fo llo w in g  q u a n lilie a  In c re a s e s  fo r th e  s a te llite  a a  a  re s u lt o f th e

o rb o t a t a  g re a te r d ls la n c e  fro m  th e  E a rth .

S P 6 A n  E a rth  e a te llite  ıı m o v e d  rro m  o n e  a ıa b le  c irc u la r o rb it Io  a n o th e r a ta b le  c lrc u lır

A - 4 0 0 kJ B  2 0 0 k J  C  ◆ 2 0 0 k J  D  ◆ 4 0 0 k J

n tla l i t X  ıı - 8 0 0

H re  o f th e  E a rth ,

W n e n  a  1 k g  m a s s  l8  la k e n  fro m  X  Io  Y ,  t h e  w o rk  d o n e  o n  th e  m a ıı lı

k J kg
- 1

.

w h e re  R  II  g re a te r ıh a n  th e  ra d ru a  o f th e  E a rth T h e  g r a v ila lio n a ı p o le r

X  a n d  Y  a re  tw o  p o ln la  a l re s p e c tiv e  d iıla n c o ı R  a n d  2 R  fro m  th e  c o n



«c ) C a ıc u ıa te  th e  fo rc e  o n  e a c h  s ta r d u e  to  th e  o th e r s ta r .

(b ) D e te rm in e  th e  g ra v ita tio n a ı p o te n tia l a t X .

fie ıd  s tre n g th  is  z e ro .  E x p la in  w h y  y o u  h a v e  c h o s e n  th is  p o in t .

(a ) L a b e ı o n  th e  a b o v e  d ia g ra m , w ith a  ıe tte r X , a  p o in t w h e re  th e  g ra v ita tio n a ı

す
ー 玛 。 一 名

m a s s  o f th e  s y s te m .

m a s s  4 .  0  × 1 0
"

k g , s e p a ra te d  b y  2 .  0  × 1 0
"

m .  T h e  s ta rs  ro ta te  a b o u t th e  c e n tre  o f

T h e  fig u re  b e lo w  s h o w s  a  b in a ry  s ta r s y s te m  w h ic h  c o n s is ts  o f ıw o  s ta rs , e a c h o f
S P 10

o rb it o f th e  S u n .  C a lc u ıa te  th e  ra d iu s  o f J u p ite r
'

s  o r b it.

y e a r to  c o m p ıe te  o n e  o rb it.  T h e  p la n e t J u p ite r ta k e s  1 1 .  9  y e a rs  to  c o m p le te  a n

(d ) T h e  e a rth  ls  1 .  5 0  × 1 0
"

m  fr o m  th e  c e n tre  o f  th e  S u n  a n d  la k e s  e x a c tly  o n e

(c ) D e d u c e  th e  e x p re s s ıo n  fo r th e  lim e  ta k e n  to  c o m p le te  o n e  o rb it o f th e  S u n .

(b ) U s e  th is  e x p re s s io n  to  fin d  th e  a n g u ıa r v e ıo c lty  o f th e  p la n e t ın  th e  o rb it .

th e  S u n  o n  th e  p ıa n e t.

(a ) W rite  d o w n  a n  e x p re s s io n , In  te rm s  o f G , m , M  a n d  r , fo r th e  fo rc e  F  e x e rte d  b y

A  pıa n e t o f m a s s  m  o rb ıte  th e  S u n  o f m a s s  A¢ In  a  c ırc u la r p a th  o f ra d iu s  r

S P 9  0 9 0 M 12 -
m o d lıle d ]

r t e d  fro m  D is c u s s ıo n g g m itr E B [G u e Æ tım e  B  æ n ! m



4

a tm o s p h e re .

(c ) In  th e  lig h t o f y o u r a n s w e r e x p ıa in  w h y  m a n y  s m a ll p la n e ts  d o  n o t h a v e  g a s e o u s

th e  p la n e t w e re  1 0
3  

s m a lıe r , its  m e a n  d e n s ity  re m a in in g  u n c h a n g e d ?

(b ) B y w h a t fa c to r w o u ld  th e  e s c a p e  v e lo c ity  b e  re d u c e d  if th e  lin e a r d im e n s io n s  o f

(ii) th e  e s c a p e  v e ıo c ity  fro m  th e  s u rfa c e  o f th e  p la n e t .

(i) th e  o rb ita l s p e e d  o f th e  s a te llite
,

m a s s  5 .  7  × 1 0
2 4  

k g  a n d  r a d iu s  6 5 0 0  k m .  C a lc u la te

(a ) A  s m a ll s a te lıite  is  in  a  s ta b le  c irc u la r o rb it o f ra d iu s  7 0 0 0  k m  a ro u n d  a  p la n e t o f

(c » L is t th e  c h a ra c te ri s tic s  o f  a  g e o s ta tio n a ry  s a te ılite .

(b » F in d  th e  a ltitu d e  o f th e  s a te llite  
ı 

s  o r b it.

a n s w e r in  ra d  s
-

1

.

«a » W h a t is  th e  a n g u la r v e lo c ity  o f th e  E a rth
'

s  r o t a t io n  a b o u t its  a x is ?  G iv e  y o u r

o f th e  E a rth  is  5 .  9 8 × 1 0  
z 4  

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

e  
m .

Sateılit ř i ŝ  ab o v e í th e  s a m e  p o ın l o n  th e  E a rth  
ı 

s  s u r fa c e .  A s s u m e  th a t th e  m a s s

w h ic h  it h a s  a n  6 0 1 a 7 .  V d y  a iůät
'

tĞ th à r  at iivh ïc h
-

ttië
'

E a iñ fi ro ta ıı* , s o  th a t th e

A  c o m m u n ic a tio n s  s a te llite  o f m a s s  3 0 0 0  k g  is  to  b e  p u t in to  a n  e q u a to ria l o rb it in

a c c e le ra tio n  is  th e
'

a c c e le ra tio n  d u e  to  g ra v ity
'

.  C o m m e n t o n  h is  s ta te m e n t .

m e a s u re s  its  a c c e le ra tio n  to w a rd s  th e  E a rth
'

s  s u l イ a c e .  H e  th e n  s ta te s  th a t th is

(c ) A  s tu d e n t , s itu a te d  a l th e  E q u a to r , r e le a s e s  a  b a ıı fro m  re s t In  a  v a c u u m  a n d

(ıı) th e  fo rc e  a s  m e a s u re d  o n  th e  N e w to n -

m e ie r .

(ı} th e  g ra v ila tio n a ı fo rc e  a lo n e ,

th e  E a rth
'

s  s u r fa c e  d u e  Io

(b ) U s in g  y o u r a n s w e rs  Io  «ı) , s t a le  w h a t w o u ld  b e  th e  a c c e le ra tio n  o f th e  m a a a  a l

s u p p o rlln g  th e  m a a s .

(ııı}d e d u c e  th e  re a d in g  o n  a n  a c c u ra te  n e rM o n -

m e te r (ıp rln g  b a ıa n c e )

(ıı} d e te rm ın e  th e  fo rc e  re q u ire d  Io  m a in la ln  th e  c irc u la r p a th  o f th e  m a r ı,

th e  m a r ı,

(ı) c a ıc u ıa le , u s in g  N M o n
'

ı  la w  o f G ra v iıa lio n .  Th e  g r  · v lla lio n ıl fo rc e  o n

c e n tre .  F o r a  1 .  0 0  kg m a s s  ıitu a te d  a l th e  E q u a ıo r ,

E a rth
'

a  a u r fa c e  ıı ıd e n lic a ı ıo  ıh a l o f a  p o in t m a s s  o f 5 .  E 8  × 1 0
0  

k g  M  th e  E a rth
'

ı

s p in n in g  o n  iıa  a x iı w ith  a  p e rio d  o f 2 4  h o u rs .  T h e  g ra v iıa ıio n a ı fie ld  i t th e

(a ) T h e  E a rth  m a y  b e  c o n s id e re d  Io  b e  1  u n ifo rm  ıp łto re  o f ra d ıu ı 6 3 7 0  k m ,

D 1 0 9 6ıı1ıı2 - p ırq

g i g n  bt B tıon s

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

R A F F L E S  ıN S T H U  了 ıO N



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

1 .  Th e  ra d iu s  o f th e  o rb it,

(ii) H e n c e , s ta te  a n d  e x p ıa in  th e  e ffe c t o f th is  c h a n g e  o n

S ta te  w h e th e r th e  to ta ı e n e rg y  E t b e c o m e s  m o re  o r le s s  n e g a tiv e .

re s is ta n c e .

(c ) A s  th e  s a te ılite  o rb its  th e  E a rth
, it g ra d u a lly  lo s e s  e n e rg y  b e c a u s e  o f a ir

2 R
E

, 
= -

.

G M m

(ii» H e n c e
,  

s h o w  th a t th e  to ta l e n e rg Y  E t o f th e  s a te ılite  is  g iv e n  b y

p o te n tia ı e n e rg y  E p  o f th e  s a te lıite .

(b ) (i) S ta te  a n  e x p re s s io n , in  te rm s  o f G
,  M ,  m  a n d R  fo r th e  g ra v ita tio n a l

e n e rg y  E k  o f  th e  s a te ılite  in  te rm s  o f G ,  M ,  m  a n d R .

(ıı) T h e  m a s s  o f th e  s a te llite  is  m .  D e te rm in e  th e  e x p re s s io n  fo r th e  k in e tic

R
w h e re  M  is  th e  m a s s  o f th e  E a rth  a n d  G  is  th e  g ra v ita tio n a l c o n s ta n t ,

2  G M

(a ) (ı) S h o w  th a t th e  s p e e d  v  ls  g iv e n  b y  th e  e x p re s s ıo n

o rb it a b o u t th e  E a rth  ls  R .

m a s s e s  c o n c e n tra te d  a t th e ir c e n tre s ,  T h e  s a le lıile  h a s  s p e e d  v  a n d  th e  ra d iu s  o f lta

B o th  th e  E a rth  a n d  th e  s a le ııile  m a y  b e  c o n s id e re d  to  b e  p o in t m a s s e s  w ith  th e ir

E a rı

A  s a le ııile  o rb lla  th e  E a rth  ın  a  c i r c u l a r  p a th ,  a r  lılu a lra le d  b e ıo w .

D 4

Y E A R  S - O  p H Y S ıC S  D E p A R T M E N  了

R A F F L E S  ıN S T ıT U T ıO N

回

国



0 .  12  × 1 0
6  

m  a b o v e  t h e  E a rt h
'

s  s u r fa c e .

s a te ılite  o f m a s s  3 0 0 0  k g  b e tw e e n  its  la u n c h  a n d  w h e n  it is  a t a  h e ig h t o f

U s e  th e  e x p re s s io n  g iv e n  in  (c ) to  c a lc u la te  th e  g a in  in  th e  p o te n tia l e n e rg y  o f a(d )

(ii) w h y  th e  p o te n tia l h a s  a  n e g a tiv e  v a lu e .

(i) w h a t is  m e a n t b y  th e  te rm  g ra v ita tio n a l p o te n tia l,

r

c e n tre  o f th e  E a rth  (r  is  g re a te r th a n  th e  ra d iu s  o f th e  E a rth ) .  E x p la in

w h e re  M  is  th e  m a s s  o f th e  E a rth  a n d  r  is  th e  d is ta n c e  o f th e  p o in t fro m  th e

G M

th e  e q u a tio n

(c ) T h e  v a lu e  o f th e  g ra v ita tio n a ı p o te n tia l ¢ a t a  p o in t in  th e  E a rth
'

s  fie ld  is  g iv e n  b y

m a y  b e  d e s c rib e d  a s  w e ig h tle s s .

(b ) E x p la in  b rie fly  w h y  a n  a s tro n a u t in  a  s a te llite  o rb itin g  th e  E a rth  a t th is  a ltitu d e

a n d  6 .  3 7  × 1 0
Ó 

m , r e s p e c tiv e ly .

a b o v e  th e  E a rth
'

s  s u r fa c e .  A s s u m e  m a s s  a n d  ra d iu s  o f E a rth  a re  5 .  9 8 × 1 0
2 4  

k g

C a lc u la te  th e  E a rth
'

s  g ra v ita tio n a l fie ld  s tre n g th  a t a  h e ig h t o f 0 .  12  × 1 0
Ó 

m
(a )D 5

Y E A R  5 - 6  P H Y S ıC S  D E P A R T M E N T

R A F F L E S  ıN S T ıT U T IO N
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Lnq

.  N4 te - Ï PL

re s is ta n c e . )

le s s  th a n
, e q u a l to  o r g re a te r th a n  th e  s p e e d  o f p ro je c tio n .  (N e g le c t a tm o s p h e ric

D is c u s s  v e ry  b rie fly  w h e th e r a  te k tite  w ill re a c h  th e  E a rth
'

s  s u r fa c e  w ith  a  s p e e d
(弓)

th e  g ra p h , fin d  th is  s p e e d .  E x p la in  y o u r re a s o n in g .

M o o n  w ith  a  c e rta in  m in im u m  s p e e d  v o .  M a k in g  u s e  o f a p p ro p ria te  v a ıu e s  fo rm

If a  te k tite  is  to  re a c h  th e  E a rth , it m u s t b e  p ro je c te d  fro m  a  v o lc a n o  o n  th e
箇

th e  c e n tre  o f th e  M o o n  a n d  th e  c e n tre  o f th e  E a rth  re s p e c tiv e ly .

a n d  F E .  H e n c e  fin d  th e  v a lu e  o f x ly , w h e re  x  a n d  y  a re  th e  d is ta n c e s  o f p  » o m

E a rth  a re  F m  a n d  F E  re s p e c tiv e ly .  S ta te  th e  re la tio n  w h ic h  a p p lie s  b e tw e e n  F M

W n e n  a  te k tite  is  a t P , th e  g ra v ita tio n a l fo rc e s  o n  it d u e  to  th e  M o o n  a n d  th e
(心)

th e  M o o n  a n d  th e  E a rth  c o u ld  b e  d e d u c e d  fro m  th e  g ra p h .

«b ) S ta te  h o w  th e  re s u lta n t g ra v ita tio n a l fo rc e  o n  th e  te k tite  a t a n y  p o in t b e tw e e n

w h y  th e  c u rv e  is  a s y m m e tric a l.

g ra v ita tio n a l p o te n tia ı, e x p la in  q u a ıita tiv e ly  w h y  th e  g ra p h  h a s  a  m a x im u m  a n d

(a ) B y  c o n s id e rin g  th e  s e p a ra te  c o n trib u tio n s  o f th e  E a rth  a n d  th e  M o o n  to  th e

m a s s  o f th e  M o o n -
7 .  4  × 1 0

2 2  
k g

G iv e n  : m a s s  o f th e  E a rth  =  
6 .  0  × 1 0

2 4  
k g

th e  ıin e  o f c e n tre s .  A t th e  p o in t P
, th e  g ra v ita tio n a ı p o te n tia l is  a  m a x im u m .

p o te n tia l b e tw e e n  th e  s u rfa c e  o f th e  M o o n  a n d  th e  s u rfa c e  o f th e  E a rth  v a rie s  a lo n g

M o o n .  T h e  fig u re  a b o v e , w h ic h  is  n o t d ra w n  to  s c a ıe , s h o w s  h o w  th e  g ra v ita tio n a l

o f lu n a r g ra n ite .  ıt is  th o u g h t th a t th e y  m a y  b e  d e b ris  fro m  a  v o ıc a n ic  e r u p tio n  o n  th e

C e rta in  m e te o rite s  (te k tite s ) fo u n d  o n  th e  E a rth  h a v e  a  c o m p o s itio n  id e n tic a ı w ith  th a t

g re a te r th a n  th e  E a rth
'

s  r a dıu ı)

b r th e  g ra v ita tio n a l p o le n lı/ I e m rg y  U  o f ıM  m a a s  (c o n ıłd e r tın ıy  th e  v a lu e s  o f r

e x p re ıılo n ,  in  te rm ı o l m , r
, th e  E * M

'

ı  m a a s  ın
c   ·  n d  th e  g m v lla tio n a ı c o n s ta n t G ,

A  p o in t m a s s  m  is  ıl 1  d hııa n c e  r  fro m  ıh o  c e n tri  o r th e  E   · rıh .  W riıe  d o w n  a n

D 6  0 8 7 M /8 1
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lA N s  : $ ]

th e  s u rfa c e  o f th e  s p h e re  to  its  c e n tre ?

H o w  m u c h  w o rk  is  d o n e  b y  th e  g ra v ita tio n a l fo rc e  in  b rin g in g  th e  p a rtic ıe  fro m

U  =  -

G M m r
Z  

3 G m M

th e  g ra v ita tio n a l p o te n tia l e n e rg y  o f th e  s y s te m  is

m a s s  M .  If th e  s p h e re  is  a t a  d is ta n c e  r  fro m  th e  c e n tre  o f th e  s p h e re , s h o w  th a t

A  p a rtic le  o f m a s s  m  is  lo c a te d  in s id e  a  u n ifo rm  s o lid  s p h e re  o f ra d iu s  R  a n dC 1

C h a lle n g in g  Q u e s tig ņ șııe n u e s t i o n s

ın  e a c h  c a s e , e x p la in  b rie fıy  h o w  y o u  a rriv e  a t y o u r a n s w e r .

in fin ite  d  is ta n c e ?

«c » if it w e re  m o v in g  a w a y  fro m  E a rth  a t r -
R , 

w ith  s u ffic ie n t e n e rg y  to  re a c h  a n

(b ) if it w e re  fa lıin g  to w a rd s  th e  E a rth  a t r - R
,

«a ) if it w e re  m o m e n ta rily  a t re s t a t th e  to p  o f its  tra je c to ry  a t r -
R ,

W h ic h  p o in t (o r p o in ts ) c o u ld  re p re s e n t th e  to ta l e n e rg y  o f th e  ro c k e t

P

p o in t o n  th e  lin e  P Q .  F iv e  p o in ts  A , B , C ,  
D , E  h a v e  b e e n  m a rk e d  o n  th is  ıin e .

ro c k e t (its  g ra v ita tio n a l p o te n tia l e n e rg y  p lu s  k in e tic  e n e rg y ) m a y  b e  re p re s e n te d  b y  a

E a rth .  A t a  c e rta in  d is ta n c e  R  fro m  th e  c e n tre  o f th e  E a rth , t h e  to ta ı e n e rg y  o f th e

T h e  b o d y  re fe rre d  to  a b o v e  is  a  ro c k e t w h ic h  is  p ro je c te d  v e rtic a lly  u p w a rd s  fro m  th e

p o le n lia ı e n e rg y

rO  

T  ·

E n e rg y  E

W n a t d o e s  th e  g ra d ie n t o f th e  ta n g e n t to  th e  c u rv e  a l r - R E  r e p
r e s e n l 7

E a rth , fo r v a lu e s  o f r  g re a ıe r th a n  th e  E a rıh
'

I  r a d iu s  R E  ·

o f m a s s  m  ın  th e  fie ld  o f th e  E a rth  d e p e n d a  o n  r , th e  d is ta n c e  fro m  th e  c e n tre  o f th e

T h e  c u rv e  b e ıo w  s h o w a  th e  w a y  in  w h ic h  th e  g ra v ita tio n a ı p o te n tia l e n e rg y  o f a  b o d y

D 7  0 8 5 /1ıı9]

Y E A R  6 - e  P H Y S IC S  D E P A R T M E N T

R A F F L E S  ıN S T ıT U T ıO N



9

T h e re  is  a  fa c to r 2  in  th e  e s c a p e  v e lo c ity .

o rb ita l v e lo c ity  re fe rs  to  th e  ra d iu s  o f th e  o rb it .

T h e  ra d iu s  in  th e  e s c a p e  v e ıo c ity  re fe rs  to  th e  ra d iu s  o f th e  E a rth , w h e re a s  th e  ra d iu s  in  th e

v e lo c ity  is  d e riv e d  fro m  N e w to n
'

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

E s c a p e  v e ıo c ity  is  d e riv e d  fro m  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 , w h e re a s  th e  o rb ita l

V
" " e

°
,  V -

th e  s a te ııite .

m u s t fo llo w  th e  s a m e  p e rio d  a s  th e  E a rth
'

s  r o ta tio n  a n d  it is  a ls o  in d e p e n d e n t o f th e  m a s s  o f

is  th e  s a m e  a s  th e  p e rio d  o f th e  E a rth
'

s  r o t a t io n  (2 4  h rs ) .  T h e  o rb it ra d iu s  is  u n iq u e  s in c e  it

s a m e  a x is  o f  ro ta tio n  a s  th e  E a rth ) in  th e  s a m e  d ire c tio n  a s  E a rth
'

s  r o t a t io n .  Its  o rb ita ı p e rio d

A  g e o s ta tio n a ry  s a te llite  is  a  s a te llite  th a t o rb its  d ire c tly  a b o v e  th e  e q u a to r (s h a rin g  th e

th a t th e  o b je c t w iıı b e  a b le  to  e s c a p e  to  in fin ity i.

g ra v ita tio n a l p o te n tia l e n e rg y .  T h e  to ta l e n e rg y  is  n e g a tiv e  (s in c e  a  to ta ı e n e rg y  2  0  m e a n s

T h e  to ta l e n e rg y  o f a  s a te llite  b o u n d  to  a  p la n e t is  e q u a l to  th e  s u m  o f its  k in e tic  e n e rg y  a n d

m  r

u n it m a s s  b y  a n  e x te m a ı fo rc e  in  b rin g in g  a  s m a ıl te s t m a s s  fro m  In fin ity  to  th a t p o in t ,

T h e  g ra v ita tio n a l p o te n tia ı a t a  p o in t in  a  g ra v ita tio n a ı fie ld  is  d e fin e d  a s  th e  w o rk  d o n e  p e r

g  =  

i  
·  

t r

F  G M

e x p e rie n c e d  p e r u n it m a s s  a t th a t p o in t .

T h e  g ra v ita tio n a ı fie ıd  s tre n g th  a t a  p o in t ın  a p a c e  ia  d e fin e d  a s  th e  g ra v ita tio n a l fo rc e

ta k e n  to  b e  th e  d is ta n c e  b e ıw e e n  th e ir c e n tre s  o f m a a a ) .

ıt c a n  b e  a p p lie d  to  p o in t m a s s e s  o r u n ifo rm  s p h e ric a ı o b je c ta  (w h e re  ıh e lr e e p a ra lıo n  ıı

s q u a re  o f th e  d is ta n c e  b e ıw e e n  th e m .

ls  d ire c tly  p ro p o rtio n a l to  th e  p ro d u c t o f th e ır m a s s e s  a n d  ın v e rr e ıy  p ro p o rtio n a l to  th e

N e w to n
'

8  la w  o f g ra v ita tio n  s ta te s  th a t tw o  p o in t m a s s e s  a ttra c t e a c h  o th e r w ith  a  fo rc e  th a t

g ra v iıa tio n a l fo rc e ,

5 1 A  g ra v ita tio n a l fie ıd  ıa  a  re g io n  o f a p a c e  ın  w h ic h  a  m a s s  p la c e d  In  lh a ı re g io n  e x p e rie n c e s  a

ıf - c h e c k  Q u e s tio n a

t u tg m a @ ra v lıą llm m  s u g g n ı s e lu tio n a



1 0

C  V
o rb ila l

- w h e n r t , 
V

.  rb i fa , 
ł.  D  1o - Y - w h e n r 个 , m ł

r  m  r
A F = 二丁 二= 〉 w h e n r 个，

F ł . B  a
.

. . 笋っWh e n r个， 日
，
占.

r

W h e n  r  个 , u  个 (ie  le s s  n e g a tiv e ) .

U  = -

G M m

W o rk d o n e  =  A U - U
ı

- U  =  U
y

- U  
x

- - 4 0 0 - (- 8 0 0 ) =  4 0 0  kJ

2 R
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っ U
y

-
m w

= 一
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G M
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(c )

.  =  P
r
z  

m r a
zG M m

F = 一

下

S P 9  (a ) G M m

m a y  n o t b e  th e  s a m e .

A s  fo rc e , kin e tic  e n e rg y  a n d  p o te n tia l e n e rg y  d e p e n d s  o n  th e  m a s s  o f th e  s a te llite , t h e y

 P e r i od ,
 f
req u e n c y �

 R a d i us ,  h e i gh t �

 L i ne a r  s p e e d ,  a n g u ıar  sp e e d �

 M a g n i tu d e  o f  ce n t r i p
e t a ı  a c c e l er a t i on �

F o r g e o s ta tio n a ry  s a te lıite s , t h e  fo lıo w in g  a re  th e  s a m e

S P 8  C

S

：。 T 试 ベ沁 o r T 叹 S

- 蚝

丁
鹰

试
只

R
a

W .  M  p  R o )
!

S in c e  p la n e t o rb ita  th e  a u n
,

S P 7

S P 6



1 2

S P 1 0  (b ) - 5 .  3 4 ×1 0
o  

J  k g   

· '

(C ) 2 ,  6 7 ×1 0
2 8  

N  (d ) 2 ,  5 8 ×1 0  
4  

m  s

-
1

S P 9 (d ) 7 ,  8 2 ×1 0
"

m

S P 5  E  S P 6  B  S P 7  C  S P 8  C

S P 1 C  S P 2  A  S P 3  C  S P 4  D

A n s w e r s  t o  S e lf - P r a c t ic e  T m s t i o n s

V  =  2 .  5 8  × 1 0
4 

m  S
-

1

2 .  6 6 8  × 1 0
Za  

=   

·

m v
z

N o te  th a t th e  c e n tre  o f ro ta tio n  is  th e  c e n tre  o f m a s s  o f th e  b in a ry
-

s ta r s y s te m .(d )

a n d  h e n c e  th e  re s u lta n t g ra v ita tio n a l fie ld  s tre n g th  is  z e ro .

e q u a l d is ta n c e  fro m  th e  c e n tre  o f th e  s ta rs .  H o w e v e r, th e y  a c t in  o p p o s ite  d ire c tio n s

g ra v ita tio n a l fie ld s  d u e  to  th e  s ta rs  h a v e  th e  s a m e  m a g n itu d e  d u e  to  e q u a l m a s s  a n d

3 P 1 0  (a ) X  is  a t th e  m id - p o in t b e tw e e n  th e  c e n tre s  o f th e  tw o  s ta rs .  A t th is  p o in t, th e
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