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8 1 A n s w er  the Jo l to u ) i n g m  A t  d e p h  d
,  g a 9  1 J

(Q) Y o u  c a n  shie l d a  ch a r ge l r o m  e te c t r i c a Bfo r c e s  by p t Bt t i n g
i t  i n s ide  a  ì1o t to w  c o n d u c t o r Ca n  y o u  s hie ld a  bo dy Tr o 1n  T h u s  a c c e l e r a t i o n  d u e  t o  g r a v i ty  d ec r e a s es  w i th

i B i n s ide a  /1o l lo 1u  sp ìze r e  o r  by  s o m e  o the r  m e a n s  ? 
i n c r e a s i n g d e p t h

[C e n t r a l  Sc h o o l s  08 ] Wi ) A t la t i t u d e k
,  g 1

- 9 1 Y )
(b) A n  a s t r o n a t 1t  i n s i e a  s m a l l  s pa c e  s ) t ip o r b i t i n g a r o t Bn d

t ì1e  e a r t ì1 c a rzn o t  de te c t  g m u i ty 1F t ì1e  spa c e  s ta t io n  Fo r  m a x i m u m  v a r i a t i o n  (d e c r e a s e ) o f  g ,  c o s  k - 1 o r

o r bi t in g a r o u n d th e Ea r th h a s  a  ta r ge s iz e
,  

c {Bn  h e h 叩  e =  O °

t o  de tec t  g r a u i ty ? T h u s  t h e  e f f e c t  o f  r o t a t i o n  o n  th e  e f f e c t i v e  v a l u e  g i s

t o  t i l e  s u n  t o  tha t  d u e to  the m o o n
,  yo u  w o u ld j iín tl  t ìt a t  

a t e s t  a t  t h e  equ a t o r  (f o r  w h i c h  k  =  O ° )

t i l e Su n
'
s p u l l  is g r e a t e r  tha n  the  m o o n

'
s p 1t l l H o w e u e r

,  (iu ) A s  g -
,  

w h e r e  M  i s  t h e  m a s s  o f  th e  e a r t h

the t i da l  ef e c t o f the m o o n
'
s p u l l  i s gr ea t er  th a n  th e t i a ì

ej ect of  Su n W ny  ? T h u s  a c c e le r a t i o n  d u e  t o  g r a v i ty  i s  i n d e p e n d e n t  o f

A n s (a ) N o T h e  s h e l l  d o e s  n o t  s h i e l d o t h e r  b o d i e s  m a s s  m  o f  t h e  b o d y

ly in g o u t s i d e  i t  f r o m  e x e r t i n g g r a v i t a t i o n a l  f o r c e s  o n °  
(t n  T h e  fo r m u l a G M .  :c B) i " " e a  c  c u  r a  t ,  th

p a r t i c l e  l y in g i n s i d e  i t

(b) Y e s I f  th e  s i z e  o f  s p a c e s h i p o r b i t i n g a r o u n d t h e  the  f o r m u l a  n tg ( f
2

tj ),  
b e c a u s e  t h e  v a l u e  o f  g v a r i e s  f r o m

e a r th i s  l a r g e  e n o u gh
,  

t h e  a s t r o n a u t  i n s i d e  t h e  s p a c e s h i p p l a c e  t o  p l a c e

c a n  d e t e c t  th e  v a r i a t i o n  i n  9 8 3 Su ppo s e  t ì+e r e  e x is  t ed a  pl a n e t  tha t  t u e n t  a r o u n d t ì1e  s u n

(c ) T h e  t i d a l  e f f e t  d e p e n d s  i n v  r  e l y  u p o n  h e  u b e  f  t 1u i c e  a s  Ja s t  a s t ì+e  e a r th W h a t  w o u td be  i t s  o r bi t a l s iz e  a s

th e  d i s t a n c e  w h e r e a s  t h e  g r a v i t a t i o n a l  f o r c e  v a r i e s  c o m p t 1r ed to  t ì1a t  o f  t ì1e  ea r th ?

nversel y a s  th e  s qu a r e  o f  th e  d i s t a n c e A s  t h e  m o o n  i s  A n s L e t  p e r i o d  o f  r e v o l u t i o n  o f  t h e  e a r t h
c l o s e r  t o  e a r t h  t h a n  t h e  s u n

,  s o  i t s  t i d a l  e f f e c t  i s  g r e a t e r

th a n  th a t  o f  t h e  s u n Th e  r a t i o  o f  t h e s e  t w o  e f f e c t s  i s
p e r i o d o f  r e v o l u t i o n  o f  p l a n e t

,

=  / .  【  T h e  p l a n e t  go e s  a r o u n d  t h e

s u n  t w i c e  a s  f a s t  a s  e a r t h ]

8 2 Cì1o o s e  t ì1e  c o r r e c t  a t te r n a t iu e : 
O r b i t a l  s i z e  o f  th e  e a r t h  c - 1 A U

(i ) A c c e l e r a t io n  d u e t o  g r a u i ty i n c r e a s es /de c r ea s es  u Tith O r b i t a l  s i z e  o f  t h e  p l a n e t
, '

p
- ?

i n c r ea s in g a l t i t u de F r o m  K e p l e r
'
s  t h i r d l a w  o f  p l a n e t a r y  m o t i o n

(i i) A c c e l er a t i o n  å t t e t o  gr a u i t y i n c r e a s e s ìdec r e a s e s  w i t h

in c r e a s i n g dep th (a s s u m e the Ea r th t o  be a  sphe r e o ï
u n ifo r m  de n s i t y )

- $

the Ea r  thlm a s s  o l  the bo dy

(u ) 771e  Jo r m u la GM m {V f
z

v tv  is  m o r e/ tes s  a c c u r a te  
(0 5)  / 3 A U  =  0 63 A U

tha n  the f o r m t B1a  8  ('
2

f\ i fo r  th e ifle y e n c e o ï  8 4 '
o ,  

o n e o î  the  s a t eBt i t e s o í .u p i t e r
,  
h a s  a n  o r bi t a . p e r i o d o ï

po ten t i a l  en e r gy be tw e e n  h u o  p o i n t s '
z  

a n d Ti  di s t a n c e 1 769 a y s  a n d the r a di u s  o ï  the o r bi t  i s  4 22  × 108 
m Sho w  tha t

a i u ay f r o m  the c en t r e o f the Ea r th The m a s s  o ï  j u p i t e r  i s  a bo u t  o r t e  t ho u s a n d th tha t  o ï  t he s u n

A n s (n  A t a l t i t u d e l1, . - 9 1 Ï )  A n s O r b i t a l  p e r i o d  o f  Ju p i t e r
'
s  s a t e l l i t e ,

T  =  1 769 d a y s - ]l 769 ×  24  ×  60 ×  60 s

T h u s  a c c e l e r a t i o n  d u e  t o  g r a v i ty  de c r e a s e s w i t h  O r b i t a l  r a d i u s  o f  Ju p i t e r
'
s  s a t e l l i t e

,

in c r e a s i n g a l ti t u d e
R =  4 22 ×  108 

m
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Ma s s  o f  Ju p i te r  i s  g i v e n  by  8 7 D o e s  t i t e  e s c a pe  spee d of  a  bo dy  Tr o m  the  Ea r th depe n d
4 r r

2 R3 4 7c
2 (4 22 × 10 8 ) 3 0 n  (a ) t i t e  m a s s  of  the  bo dy (b) the  l o c a t io n  f r o m  1u he r e  i t  i sM

,
- F

-  

(1° 69 × 24 × óo × 601 p r o je c t e
,  (c ) t h e  d i r e c t io n  o f p r o je c t i o n (d) the he i gh t 可 th e

o r b i ta l p e r i o d o f  th e  e a r t h  a r o u n d  t h e  s u n
,  

lo c a t i o n Tr o m  w l t e r e  the  bo dy  is  la u : × p 1 a  i n  yo u r  a n sw er

T =  1 y e a r - 365 25 ×  24 ×  60 ×  60 s  
A n s E s c a p e  v e l o c i t y ,  u

,
-

O r bi t a l  r a d i u s  o f  t h e  e a r t h  (a ) E s c a p e  v e l o c i ty  i s  i n d e p e n d e n t  o f  th e  m a s s  m  o f  t h e

R =  1L496 ×  1011
.  Bo d y  t o  b e  p r o je c t e d

M a s s  o f  th e  s u n ,  
(b) A s  t h e  g r a v i t a t i o n a l  p o t e n t i a l

,  
V  GM  /  R d e p e n d s

47.  (1 496 ×  1041 ) 
3 s l i gh t l y  o n  t h e  l a t i t u d e  o f  t h e  p o in t

,  s o  e s c a p e  v e l o c i ty  a l s o

M
,

- ï  (365 25 × 24 *  60 × 60) 
2 

d e p e n d s  (s l i gh t l y ) o n  t h e  l a t i h 1d e  o f  th e  l o c a t i o n  f r o m

(d) A s  th e  g r a v i t a t i o n a l  p o t e n t i a l  d e p e n d s  o n  th e

1046 1000 h e i gh t  o f  l o c a t i o n
,  s o  e s c a p e  v e l o c i ty  a l s o  d e pe n d s  o n

H e n c e  th e  m a s s  o f  Ju p i t e r  i s  a b o u t  o n e  th o u s a n d th  th a t
h e igh t  o f  l o c a t i o n

o f the  su n
8 8 A  c o n +e t  o r bi ts  the  s u n  in  a  h ighly e l l íp t i ca l o bí t D o es

8 5 Le t u s a ss u m e tha t o u r  ga la x y  c o n s is ts  of  2 5 ×  104r
,  

t ì+e  c o m e t  ha u e  a  c o n s ta n t (a ) l i n ea r  s peed
.  

(b) a n g u ta r  speed
.  

(c)

st ar s ea ch of o n e so 1a l. M a s s H o l D  to n g w i l t a  s t a r  a t a  i s t a n c e o í a n gu l a r  m o m en t u m
,  
(d) k i n e t i c  en er gy ,  

(e ) po t en t i al  e n er gy ,  
(P

t o t a l  en er gy th r o u gho u t  i t s  o r bi t  ? N egl ec t a n y m a s s l o s s  o í the

Ta ke the dia m e ter  of  the m i lky  t u a y  to  be  105 ly  
A n s (a ) A c c o r d in g t o  K e p le e s  s e c o n d l a w  o f  p l a n e t a r yA n s M a s s o f  ga la x y ,  

m o t i o n
,  a  p l a n e t  m o v e s  fa s t e r  w h e n  i t  i s  c l o s e  t o  th e  s u n

M - 2 5 ×  10"
s o l a r  m a s s e s  

a n d  m o v e s  s l o w e r
,  

w h e n  a w a y  f r o m  th e  s u n So  i t s  l in e a r

 2 . × 1 011 ×
2 × 1 030 kg - 5 × 1 041 kg  s p e e d  ke e p s  on  cha n g i ng .

O r bi t a l  r a d i u s  o f  th e  s t a r
,  (b) A s  t h e  p l a n e t  m o v e s  u n d e r  th e  i n f l u e n c e  o f  a  pu r e ly

R =  50
,  
000 ly - 50

,  
000 ×  9 46 ×  1045

.  Ra d i a l  fo r c e ,  
i ts  a n gu l a r  m o m e n h 1m  r e m a in s  c o n s t a n t

- 4 73 ×  102o
.  (c ) A s  t h e  l in e a r  s p e e d  o f  t h e  p l a n e t  c o n t in u o u s ly

4 n
2 R3 c h a n g e s ,  s o  i t s  k i n e t i c  e n e r gy  a l s o  k e e p s  o n  c h a n g in g

A s M -

ï  F  (d) A s  th e  d i s t a n c e  o f  th e  p l a n e t  f r o m  th e  s u n  c on

T 2
.  

4  R  
.  

4 × 9 87 ×  (4 73 × 102o
) 
3 n u o u s l y  c h a n ge s ,  s o i t s  p o te n t i a l e n e r gy k e e p s  o n  c h a n gin g

G M  6 67 ×  1o n  
x 5 ×  104 1 (e ) T o t a l  e n e r gy  o f  t h e  p l a n e t  a lw a y s  r e m a i n s  c o n s t a n t

- 1 25275 × 1032 

1 12 × 10/ 6 a s t r o n a u t  i n  sp a c e  (a ) s 1u o l le n  Jee t
,  (b) s 1o o l le n  Ja ce ,  

(C)
T .  n z × 1QÞ S -

3 65 2 5 × 2 4 × 60 × óo 
y e a r s  he a da c h e (d ) o r i e n ta t i o n a l p r o b te m

- 3 54 × 1 08 
y e a r s

A n s (b) (c ) a n d  (d ) a r e A f f e c t e d  i n  s p a c e

8 6 c ho o s e  t he  c o r r e c t  a l te r n a t iu e s  
I n  th e  f o l l o w i n g t w o  e x r c i s e s ,  c h o o s e  t h e  c o r r e c t

(a) I F t he  z e r o  of  po t e n  t ia l  e n e r gy  i s  a t  i n p n i ty ,  
th e  t o t a l  

a n s w e r  f r o 1n  a 1n o n g  t h e  g i v e n  o n e s

en e r gy o f a n  o r b i t i n g s a t e l l i t e  i s  n e ga t i u e  o ï  i t s  8 1 0 T he  g r a u i t a t i o n  i n t e n s i ty  a t  t he c en t r e C o f thekin e t i c lpo t e n t i a l  e n e r gy Dr u m h e a d d e f1n e d by a  h e m i sph e r i c a l s h e ï1 h a s  t he  di r e c t io n
cbì  T he en e r gy r e qu i r e d t o  l o c k e t  a n  o r b i t i n g s a t e 11i t e o u t  o f  i n d i c a te d by  t he  a r r o w  [s e e  F i g 8 4 6 j

en er gy r equ i r e d t o  p r o je c t  a  s t a t i o n a r y o b je c t  at  M e  s a m e  

m  a üù  b M ü  c
,  aü  z e r o

he i gh t  (a s  t h e s a t el l i t e ) o u t  o í th e  Ea r t h s  i n p u e n c e

A n s (a ) T h e  t o t a l  e n e r g y  o f  a n  o r b i t i n g  s a t e l l i t e  i s

n e ga t i v e  o f  i t s  k in e t i c  e n e r gy

(b) T h e  e n e r gy  r e qu i r e d  t o  r o c k e t  a n  o r b i t in g  s a t e l l i t e

o u t  o f  E a r tw s  g r a v i t a t i o n a l  i n f l u e n c e  i s  le s s  t h a n  t h e

e n e r gy  r e qu i r e d  t o  p r o je c t  a  s t a t i o n a r y  o b je c t  a t  th e  s a m e

he i gh t  o u t  o f  E a r t h '
s  i n f l u e n c e F l g 8 4 6
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A n s C o m p l e t e  t h e  h e m i s p h e r e  t o  s p h e r e
,  

a s  s h o w n  i n  8 14 A  Sa t 1t r n  y e a r  is  29 5 t i m e s  t he  e a r th yea r H o t u j a r  i s

Fi g 8 47 G r a v i t a t i o n a l  p o t e n t i a l  v  i s  a  c o n s t a n t So  t he  s a t u r n  Tr o n + the  s rBn  if  the e a r th is  1 50 ×  108 km  a zu a y f r o m

g r a v i t a t i o n a l  i n t e n s i ty  E = T) , " " o  a t  c  (fo r  t h e  
t he 

A n s A c c o r d i n g t o  K e p l e r s  1a w  o f  p e r i o d s
,

c o m p le t e  s ph e r e ) F o r  th e  h e m is ph e Fe ,  
t h e  n e t  g r avi

t i o n a l  i n t e n s i t y  w i l l  p o i n t  a l o n g (c ) a t  th e  c e n t r e  C LB】
'

.  Lt>
T

E

B u t  .  29 5 a n d  fE
- 1 5 ×  108 k m

8 15 A  bo dy  zu e ig l1s 63 N  o n  the s u r fa c e o f  the  e a r th Wna t

i s  t he gr a u i t a t i o n a l  Jo r c e o n  i t  du e t o  the e a r th a t  a  he igh t equ al
& g 8 4 7  

t o  ha lf  t he  r a diu s o f  the  ea r th ?

8 11 Fo r  t k e a bo D e p r o ble m ,  
t he di r e c t io n  o f  the  g r a u í ta A n s H e r e  ï n g - 63 N

,  
h =  R /  2

(n a. Tei 1 ' ' " o  n " g a  s  i ' " ' " . " p r  o b 1. "
.  

A s  c - i
'

.  : ) - :a
'

.

th e  d i r e c t i o n  o f  gr a v i t a t i o n a l  i n t e n s i ty  a t  p w i l l  b e  a l o n g (e) 4 

2

8 12 A  r o c ke t  i s ßr ed Tr o w  the  e a r th to 1u a r ds  the  s u n A t Bh
-

9 
g

t uh a t po i n t  o n  i t s pa th i s t he gr a u i t a t i o n a l  Jo r c e  o n  th e r o cke t

z e r o  ? M a s s  o f  5 11n  =  2 ×  10 j  u  kg ,  
m a ss  o f  l it e  e a r t h 1n g h

- : .  g -

4 
×  63 =  28 N

- 6 × 1024 kg N e gle c t  t he  eu   ·  c t  of  o t he r  pla n e t s  e t c O r bi ta l 9 9

r a diu s  =  1 5 ×  1011 
m  8 16 A s s u m i n g the ea r tJ1 to  be  a  s phe r e  o f  zm ifo r m  m a ss

A n s G i v e n  M
,

- 2 ×  103o k g 
c e n t r e  o f  the e a r th if  i t  m e igïzed 25o N  o n  the  s u r fa c e ?

den s i ty ,  
ho w  m u c h w o u l d a  bo dy w e igh  h a tf  w a y do w n  to  the

M
,

- 6 ×  1024 k g ,  
r - 1 5 ×  10"

.  
A n s H e r e  t n g 250 N

,  
d =  R / 2

L e t  m  b e  t h e  m a s s  o f  t h e  r o c k e t L e t  a t  d i s t a n c e  x  f r o m

th e  e a r th
,  

th e  g r a v i t a t i o n a l  f o r c e  o n  th e  r o c k e t  b e  z e r o
A c c e le r a t i o n  d u e  t o  g r a v i ty  a t  d e p t h  d =  R / 2

,  
b e l o w

Th e n  a t  th i s  d i s t a n c e ,  

th e  e a r th s  s u r f a c e  w i l l  b e

G r a v i t a t i o n a l  p u l l  o f  t h e  e a r t h  o n  th e  r o c k e t

 Gr a v i t at i on a l  pu l l  of  the  su n  on  t he  r oc k e t

g d
- g 9, H- g 9, ) = ã

GM
,  

m GM
,  
m N e w  w e i gh t  =  i n g å

-

?n g
.  

250
_ 125 N

i e
,  2  2

X
2 (T x ) 

2 

8 17 A  r o c ke t  is ß r ed u e r t ic t 1l ly  1u i th a  speed o f  5 k m s
' Ji o m

t r x l  
z  

t he e a r th s s u r fa c e H o t u Ba r  f r o m  the ea r t h do es the r o cke t  go  befor eo r
x

2 M
,  r e t l ¢r n i1zg to  t i t e  ea r t h ? M a s s o f  e a r t ìz =  6 o ×  10

24 k_,  
m  e

r a d i 1Bs  o f  t ì1e  e a r t ì1 =  6 4 × 106
m

,  
G =  6 67 × 10 11 N m  

2 

o r 〒 - - - - 577 35 A n s H e r e .  =  5 k m s
'

.  5000 m s
'

.

M - 6 0 ×  1024 k g R =  6 4  ×  106
. ,

o r T X   ·  577 35 ×  G =  6 67  ×  10 11 N m
2 k g

2

o r 5 78 35 X - r  =  1 5 ×  1011 
SU PPO S e  t h e  r o c k e t  go e s  u p t o  a  h e i gh t  h b e fo r e  r e h 1

o r x  =  =  2 59 × 108
.

N i n g t o  th e  e a r t h C l e a r l y  a t  th i s  h e igh t
,  

v e l o c i ty  o f  r o cke t

578 35 
w i l l  b e c o m e  z e r o By  th e  l a w  o f  c o n s e r v a t i o n  o f  e n e r gy ,

8 13 H o w  1u o u td yo u
'
1u e ig l1 t i l e  s 1l n

,  
tha t  i s e s t i m a t e i t s  (K E +  P E ) a t  th e  e a r t h '

s  s u r f a c e

m a s s  ? Th e  m ea n  o r bi ta l  r a di u s  o f  the  e a r th a r o u n t l he s u n  is  (K E +  p È) a t  h e igh t  h

1 5 ×  10 8 km  
o r  

1 
m u

2 GM m
_ O

GM m

Am s Re fe r  t o  th e  s o l u t i o n  o f  E x a m p l e 4  o n  p a g e  8 6 2 R ( R +  h)
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GM m

F ig 8 4 8 B u t  m - 1000 k g ,  
G =  6 67 × 10 11 N m

2 k g
2

,

A s   a n d  E
z 

h a v e  e q u a l  m a gn i h 1d e s  b u t  o p p o s i t e  M  =  2 *  1o 3 o k g
d i r e c t i o n s

,  
s o  t h e  r e s u l t a n t  g r a v i t a t i o n a l  f i e l d  a t  P i s  z e r o  R - 2 28 ×  108 k m - 2 28 ×  108 

×  103 
m

,

A s  g r a v i t a t i o n a l  p o t e n t i a l  i s  a  s c a l a r  qu a n t i ty ,  
s o  t o t a l  ì1 - 3395 k m - 3395 ×  103

.

p o t e n t i a l  a t  P i s  6 67 ×  10- 11 
×  2 ×  1030 

×  1000

V  =  V + V
GM  GM  2 GM  E =

2 (2 28 ×  108
.  103 

+  3395 ×  1-
r  r  r

2 ×  6 67 × 10 11 
× 100

_ 2 668 × 10 8 1 k g
1

2 9 × 104' J  

0 5 En e r gy  n e e d e d  t o  r o c k e t  t h e  s p a c e s h i p  o u t  o f  s o l a r

8 2 2 A  ge o s t a t i o n a r y s a t eì 0i t e  o r b i t s th e  e a r th a t n  he igh t o ï  s y s t e m - 2 9 × 10 "
)

n e a r ly 3 6 0 0 k m f r o m  the s u r fa c e o f t i t e e a r th W h a t i s  t lf e  8 25 A r o cke t i s F r e d u e r t i c a l ìy l r o m  the s u r ft1c e o f M a  s u t i  h

po t e n t i a l  du e to  ea r th '

s  g r a u i ty a t  th e s i t e o f  the s a t e l l i te  ? M a s s  a  speed o 12  k m s
1 Ií  2o%  o f i ts  in i t ia l  en e r gy is  lo s t  dt Be to  M a r t ia n

o í  t he e a r th - 6 x  L024 k8 (Bn d r a d i1t s - 6400 k l r L  a t m o s ph e r ic  r e s is t a n c e
,  
ho l d  0a r  u Ji l B th e r o cke t 9o  l r o m  t he s t l Tfu c e

oî  M a r s belo r e  rehBmi ng t o  i t ? M a s s  o í  M a
r

s  =  6 4 K  r g- k g ,

Ì1 - 36
,  
000 k m  

A n s T o t a l  e n e r gy  o f  t h e  r o c k e t

r  =  R +  l t  ·  6400 +  36
,  
000 =  42

,  
400 k m - 4 24 ×  107

.  
E =  

1 
m u

2  M m

G r a v i t a t i o n a l  p o t e n t i a l
,  2 R

"

r 4 24 ×  107

- 8o% o r  E =  X E =  : E - : L : ° ,
' L

- 9 4 3 × 10
6 

1 k g
1

8 23 A s t a r  2 5 t i m e s  t ìï e  m a s s o f  the s u n i t n d c o l l t?ps e d to  t1 A t  th e  h i gh e s t  p o i n t
,  

d i s t a n t  /1 f r o m  th e  s u r fa c e  o f

s iz e  o f  12 kn 1 r o ta te s u Ti t ì1 a  s p e e d o f  1 5 t e u / s W i l l i ?n  o bìe c t  M a r s
,  

i t s  t o t a l  e n e r gy  w i l l  b e  p o t e n t i a l H e n c e

pla c ed o 11 i t s  e qu a to r  r e m a i n  s t u c k to  i t s  s 1t rj a c e  d 1t e  o g a +t i ty  ? 

: L : . .
' ] -

U

A n s H e r e  M - 2 5 × M a s s  o f  t h e  s u n

 2 .  × 2 × 1030_  × 1030  kg
o r

R =  12 k m .  12 ×  103
.  2 u

2 R 2 GM  GM
A c c e l e r a t i o n  d u e  t o  g r a v i ty o n  th e  s u r f a c e  o f th e  s t a r  i s  

o r  

s  R R +  h
GM  6 67 × 10 11 

× 5 × 1030 

o r  R +  Ì1 -

5 R GM

N O W  V - 1 5 r p s
,  

s o  ( o =  2 7t  v  =  3Tr  r a d s
1 

2 (U    R 2 GM )

C e n t r i p e t a l  a c c e l e r a t i o n  o f  th e  o b je c t  =  R (o
2 

B u t  R - 3395 km - 3395 ×  103 
m

,

- 12 ×  103
.  (3 ×  3 14 )  .  1 065 ×  106 

m s
2 

G =  6 67 ×  10 11 
N m

2 k g
2

A s  th e  a c c e le r a t i o n  d u e  t o  g r a v i ty  o n  th e  s u r fa c e  o f  th e  

M  =  6 4 ×  1023 k g ,  
Z7 =  2 k m s

1
_ 2 ×  103 

m s
1

s t a r  i s  g r e a te r  th a n  th e  c e n t r ip e t a l  a c c e l e r a t i o n  o f  th e  o b je c t
,  

R +  l1

s o  th e  o b je c t  w i l l  r e m a i n  s t r u c k  t o  i t s  s u r f a c e  5 × 3395 × 103 
× 6 67 × t o 11 

× 6 4 × 1023

8 24 A  s pa c es ì1ip i s  s ta t io n ed o n  M a r s H o 1u  m 1t c ì1 e Jze r gy 2 [ (2 × 103 ) 
Z

x 3395 × 10 i 2 × 6 6 7 × 1  ×  4 × 10 2 3 ]
m u s t  be  e x pen de d o n  th e s pa c e sh ip To  r o ck e t i t o t Bt o ï th e  s o ca r

sy s t e m  ? M a s s  of thc  s pa c e s h ip 1000 k 8 ,  m a s s  o í t he s u n
7 2 5 × ì 020

- 2 ×  1030 kg ,  
m a s s  o f  M a r s  =  6 4 ×  10 " kg ,  

r a d i u s  o f  M a r s  2 [1 36 ×  1013 8 54 x

3395 km
,  

r a di u s  o f the  o r bi t  of  M a r s - 2 28 × 108 k m  
7 25 × 107

G =  6 67 ×  10 11 N m
2 kg

2
.  .  5 05 ×  106

.

A n s En e r gy  o f  t h e  s p a c e sh ip  i n  t h e  o r b i t  i s  
2 ×  7 18

E =  K E +  p E -

1 
m u

2 GM m  o r  h =  5 05 ×  106 3395 ×  103

2 ( R +  11) =  1655 ×  103 
m - 1655 k m


