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u ide l i n e b t o  N ERT  Ex e r e is e »

6 1 The  s ign  o f  u to r k do n e by  a j o r c e  o n  a  bo dy  is  i m po r t a n t  (i ) W o r k  d o n e  by  th e  a p p l i e d  fo r c e ,

to u t t der s t a n d s ta t e c a r ef\ l l By ií  the fo t lo t u i n g qu a n t i t i es  n r e w
1

- Fs  =  7 ×  6  =  882  )

(i) w o r k do n e  by a  n za n  i n  l ifi tn g a  bu c ke t  o u t  o f  t1 1o e l l by  
(i i) W o r k  d o n e  b y  th e  f r i c t i o n ,

rn ea r1s of  a  r ope t ied t o  t i i e  bu c ke t
W

2 
= 】k  

x  S = 1 %  ×  126 = 246 9 1  

(ii) w o r k do n e by g r a u i ta t ío n a l j o r c e in  t i t e  a bo D e c a se
Ei i) W o r k  d o n e  by  th e  n e t  fo r c e ,

(ih) Wo rk do n e by f r ic t io n  o n  a  bo dy  s l id in g do w n  a n  

W
3 

=  F '
S  ·  5 04 × 126 =  635 J  

in c l in ed p in n e
(iu ) F i n a l  v e l o c i ty  a c qu i r e d  b y  t h e  b o d y  a ft e r  10 s ,

(iu ) w o rk do n e by  a n  a ppl ied To r c e  o n  a  bo dy m o u i n g o 11 n  
u =  u +  a t  = 0 +  2 52 × 10 =  2 5 2 m s

1

r o u gl1 11o r iz o r1ta l pla n e 1o i t l1 u n ifo r m  u e lo c i ty
C h a n ge  i n  K E o f  th e  b o d y

w o r k do t re  by  the r e s is t iu e  To r c e  o f  a i r  o n  a  u ibr a t i t 1g =  / , "
' / ,  n  u

2
.  å × 2 × (25 2) 

2 0 =  635 J

pe n d t1l u m  i n  br h1g i t 1g i t  to  r es t  
T h u s  th  c h a n ge  i n  K E o f  t h e  b o d y  is  e qu a l t o  th e

A n s w o r k  d o n e  b y  t h e  n e t  f o r c e  o n  th e  b o

(1) w o r k  d o n e  i s  po s it iu e ,  
b e c a u s e  th e  b u c k e t  m o v e s  i n  

6 3 E is e n  be l o u )  (F ig 6 4 6) a r e  e x ïr m p l es  o f  s o m e  po te n t ia l

th e  d i r e c t i o n  o f  th e  fo r c e  a pp l i e d  b y  t h e  m a n  
e n e r gy  Tu n c t io 11s  i n  o n e  dim e n s io n TT1e  to ta l  e n e r gy  o f  the

(íl) W o r k d o n e  b y  g r a v i t a t i o n a l  fo r c e  i s  n ega t iu e  
pa r t ic l e  is  i n d ic a ted by  a  c r o s s  o n  tì1e  o r d i n a te  a x is I n  e a c h c a s e ,

g r  a v i \ a t \o n a \  f o r c e  a c t s  d o w n w a r  d s

s pe c ify the r egio n s ,  
ií a n y ,  

i n  w h i c h th e p a r t i c l e  c a n n o t  be fo u n d

wn w o r k d o n e  i s  negati u b e c a u s e  fo r c e  o f  f r i c t i o n  a c t s  
v  >

(io ) W o r k  d o n e  i s  po s i t íu e
,  

b e c a u s e  th e  a p p l i e d  f o r c e
O 

E

a c t s  in  th e  d i r e c t i o n  o f  m o t i o n  o f  th e  b o d y

(b)

(ü f) r o r k do n e by the  n e t j o r c e o n  the bo dy i n  10 s
,  

(m d

Eu ) c ka n ge  in  k i n e t ic  e n e r gy  o f  the bo dy  i n  1o s I n te r p r e t  v  (x ) Æ
yo u r  r es u l t s Vo  I

A n s H e r e m  =  2 k &  u  =  O
,  

F =  7  N
,

11 k 
= 0 1

,  
t  =  10 s

Fo r c e  o f  f r i c t i o n
,  

Ü

j  =  1B t R - BB t  m g - 0 I × 2 × 9 8 =  1 96 N

N e t  fo r ce  w i th w h i ch  t h e  b o d y  m o v e s ,

F '
=  F j  =  7 1 96 =  5 04 N

A c c e l e r a t i o n ,

a - 。 . 2 52 m s
2

.  2 

]  1 d
D is ta n c e

,

S =  u t .  / 射 '  
·  0 + / ×  2 52 *  0  ) 2

V
,

°

=  126 m  F 1g 6 4 6

仁)

u i
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fo r  the giu e n  e n e r gy A ts o
,  

i n di c a t e the m in i m u m  t o t a l  e n e r gv (b) 
T1ì e  g r a u i t a t i o n a t Jo r c e  o n  th e  c o m e t  du e  t o  t he s u n  i sthe pa r t i c le m u s t  ha D e i n  e a c h c a s e T hi n k o f s i rn p1e phy s ic a B 

n o f t l o r m a l  t o  t h e c o m e t s r5e l o c i t y i n  ge n e r a t Ye t  t hec o n t e x t s fo m u h ic h t .1es e po t e n t i a . e n er gy s ha pes a r e r e te u a n t  

u ?o r k  [ i o n e by t he  gr a D i  t a t i o n n 0fo r c e  o D er  u er y o m p e eA n s T o t a l  e n e r gy ,  
E =  K E +  P E 

o r bi t  of  t he  c o n 1e t  is  z e r o w hy  ?
K E - E P E 

(c ) A n  a r t ift c ia l  s a te l l i t e  o r bi t i n g tk e  e a r th i n  u e r y  th i }1

T h e  p a r t i c l e  c a n  e x i s t  i n  s u c h  a  r e g i o n  i n  w h i c h  i t s  K E 
a t m o s phe r e  lo s es  i t s e n e r gy  g r a d 1Ba l ly  d u e  t o  d i s s ipa t io n

i s  p o s i t i v e  
a g t r iB1s t a t 1n o spìze r ic  r e s is t a n c e ,  

ho 1u e u e r  s m a l l W i l y
(a ) Fo r  x  >  n ,  

P E (Vo ) >  E th e t t  t Bo e s  i ts  s pe e t l  i n c r e n s e  p r o g r e s s iu e ly  a s  i t  c o m es

K E i s  n e g a t i v e T h e  p a r t i c l e  c a n n o t  e x i s t  i n  t h e  c lo s e r  a t t d c lo s e r  t o  t he  e a r t ï1 ?

r e g i o n  x  >  a H e r e  ; in
- O (d) I n  r ig 6 48 ( í) the  ?n a n  1u a lks  2 m  c a r r y i n g a  J11n s s  of

(b) I n  e v e r y  r e g i o n  o í  t h e  g r a ph
,  

P E ( V ) >  E  15 kg o 1z t r is  l t a n ds I n  F ig 6 48 (i i ) 11e  w a lks  the  s a m e

K E i s  n e g a t i v e T h e  p a r t i c le  c a n n o t  b e  f o u n d  i n  d is ta n c e  p u l l i ï 1g  the  r o pe  beh i t 1t B ì1i t n 77+e r o pe go es  o De r

a n y  r e g i o n H e r e  i n - V n  p 1t l l e y a 11d a  m a s s  of  15 kg 11a n gs  a t  i t s  o t11e r  e n d I n

(c ) Fo r  x  <  a  a n d  x  >  tl
,  

p E (Vo ) >  E t u l1i c ì1 c a s e  is  the  1u o r k do n e  g r ea t e r  ?

.in ea r  s i m p le  ha m 1o .rt i c  ì 10t i on i s  giu e n  by V t x ) =  kx
z  / - ^  

u ?her e k i s  the j o r c e c o l 1s t a n t  o í t he  o s c i l i t t to r Fo T k =  0 5 N n t
\

,  
F \ g 6 4 8

the  gr a ph o f  V Lx ) u e r s u s  x  i s sh o u m  i n  Fig 6 47 Sho w  th a t  a

pa r t ic le  of  t o ta l  e n e r g y 1 ì  1n o u h 1g 1n 1t 1e r  t l 1is  p o te n t i l 11 n ru s t  
A n s (l 1) H e a t  e n e r gy  r e w i r e d  f o r  t h e  burni ng o f  t h e

t u r n  ba c k t u he 11 i t  r ea c l zes  x  =  土 2 171
c a s i n g ü f  a  r o c k e t  i n  fl i gh t  i s  o b t a i n e d  f r o m  th e  r o c k e t

i t s e l f I t  i s  o b t a i n e d a t  th e  e x p e n s e  o f  th e  m a s s  o f th e  r o c k e t

a n d i t s  k i n e t i c  a n d  p o t e n t i a l  e n e r g i e s

(b) T h e  g r a v i t a t i o n a l  f o r c e  a c t i n g o n  t h e  c o m e t  i s  a

c o n s e r v a t i v e  f o r c e T h e  w o r k  d o n e  b y  a  c o n s e r v a t i v e  o v e r

a n y  p a th  i s  e q u a l  t o  t h e  n e g a t i v e  o f  th e  c h a n ge  in  P E
O v e r  a  c o m p l e t e  o r b i t  o f  a n y  s h a p e

,  
t h e r e  i s  n o  c h a n ge  i n

Þ  x  
P E o f  t h e  c o m e t H e n c e  n o  w o r k  i s  d o n e  by  th e

F i g 6 4 7  g r a v i t a t i o n a l  f o r c e  o n  th e  c o m e t

A n s A t  a n y  i n s t a n t
,  

t h e  e n e r gy  o f  t h e  o s c i l l a t o r  i s  
(c ) A s  th e  s a t e l l i t e  c o m e s  c l o s e r  t o  th e  e a r th

,  
i t s

p a r t ly k in e t i c a n d p a r t ly p o t e n t i a l I t s t o t a l e n e r gy i s  = X ,  
X =

.  Xn %XE. X
E =  K  +  V  

v e lo c i ty  o f  th e  s a t e l l i t e  i n c r e a s e B u t  t h e  t o t a l  e n e r gy  o f  th e
o r E =  / ° .

'
.  /  kx

2
s a t e l l i t e  go e s  o n  d e c r e a s i n g d u e  t o  t h e  l o s s  o f  e n e r gy

A n  o s c i l l a t i n g p a r t i c l e  t ur ns b a c k  a t  th e  p o i n t  w h e r e  i t s  
a g a i n s t  f r i c t i o n

in s t a n t a n e o u s  v e l o c i ty  .s  z e r o  i e
,  

th e  p a r t i c le  w i l l  t u m  (t l) I n  c a s e  (n
,  

n o  w o r k  i s  d o n e  a g a i n s t  g r a v i ty  b e c a u s e
b a c k  a t  s u c h  a  p o i n t  x  w h e r e  u  =  O th e  d i s p l a c e m e n t  o f  2 m  (h o r i z o n t a l ) a n d  th e  w e i gh t  o f

E =  O +  /  kx  
2 

15 k g (a c i n g v e r i c a l ly d o w n w a d ) a r e e  p e n d i c u ] r o

Bu t  E =  1 1,  
k - 0 5 N m

1 e a c h  o th e r W o r k  i s  d o n e  o n l y  a g a in s t  f r i c t i o n

1 =  à ×  0 5 x x
2 

o r  x
2

_ 4 I n  c a s e  (i i )
,  w o r k  h a s  t o  b e  d o n e  a g a i n s t  g r a v i ty

(=  ï n g h - 15 ×  9 8 ×  2 .  294 J) i n  a d d i t i o n  t o  t h e  w o r k  t o  b e
o r  x  =  土 2 m  d o n e  a g a in s t  f r i c t i o n  w h i l e  m o v in g  a  d i s t a n c e  o f  2 m Th u s

6 5 A n s w e r  theCl lo Ä n g t h e  m o r k do n e  i n  c a s e  m  k  g r e a t e r  t h a n  t h a t  in  c a s e  m  
(a ) T he c a s in g o f  几 r o c ke t  in  l l igh t  b1t m s  u p å t t e t o  f r i c t io n 6 6 U n de r l i n e  the c o Tr e e t  a ï t e r n a t iu e

A t w ho se ex pen  e i s  t ì e h a t en  r gv e q t t i  e fo r  burni ng ca ) w hen  a  c o 17s e r u a t iu e fo r c e  do es po s i i ei uor kona o dy ,

o b ta in ed ? T he r o c ke t  o r  t he a t m o sphe r e  o T bo th ? the po t e n t i a l en e r gy o ï  the bo y i n c r ea s es  1 dec r e a s es  !

[D e l h i 12 ] r e m a i n s  u n a l te r e d
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(b) W o ï k do n e by a bo dy a ga i n s t f r  c t i o n a lw  y s  e s u l s i n a  (b) 1s  th e t o t a l  l i n e a r  m o m e n t u m  c o n s e r u e d d u r i n g t he

lo s s  o ï i t s  ki r 1e t i c /po t e n t ia t e n e r gy s ho r t  t i m e  o ï  a l l  e ta s t i c  c o l l i s i o n  o f t w o  b a t t s  ?

(c) The r a t e o f  c h a n ge o í  t o t a l  m o m e n t u m  o f  (t  m a n y (c ) W h a t  a r e  th e a & su r eT s  t o  (a ) a n et (b) fo r  a n  i n e l a s t i c

pa r t ic le  sy s t  e n i  i s  p r o p o  r t i

o í the i + t e r n n l 0. T c e s  o n  th e  s y s t e m  td) If  t he  p o t e n t i a l e n e r gy o f  t u l o  b i1ì i a T  ba t ts  d叩e n d s o n ly

(d) I n  a n  in e 1a s t i c  c o tì i s io n  o ï  t t t ì o  bo di e s ,  
the  qu a n t i t i e s  o n  th e  s e pa r n t i o n  d i s t a n c e be t w e e n  th e i r  c e n t r e s ,  

i s the

t uhi c h 60 n o t c h

kin e t i c  e n e r gy l t o t a l  l in e a r  m o } n e n t u m l t o t a c e i t e r gy o f o f  po t e n t i a l e n e r g¥ c o r r e s po n d in g t o  the  f o r c e etu r i n g

t ite  sy s te 1n  o f  t u l o  bo d ie s [C e n t r a l  S c h o o l s  08】 c o l l is io 11,  n o t  97 t 1u i t a t io t 1a t po t e n t ia l e i 1e r gy )

A n s
A n s

(a ) Th e  w o r k  d o n e  b y  a  c o n s e r v a t i v e  fo r c e  i s  e q u a l  t o  (a ) 
a r e  i n  c o n t a c t

,  
th e  k i n e t i c  e n e r gy  o f  t h e  b a l l s  ge t s

th e  n e g a t i v e  o f  t h e  p o t e n t i a l  e n e r gy W71en the  1u o r k  

c o n v e r t e d  i n t o  p o t e n t i a l e n e r gy I n  a n  e l a s t i cdo n e  is  po s i t i u e
,  

the  po t e 11t ía t e n e r gy  de c r ea s es  

c o l l i s i o n
,  

t h o u gh  th e  k i n e t i c  e n e r gy  b e fo r e  c o l l i s i o n

(b) F r i c t i o n  a l w a y s  o p p o s e s  m o t i o n A  b o d y  d o e s  
i s  e qu a l  t o  th e  k i n e t i c  e n e r g y  a f t e r  th e  c o l l i s i o n  b u t

w o r k  a g a i n s t  f r i c t i o n  a t  t h e  e x p e n s e  o f  i t s  k i n e t i c  

k i n e t i c  e n e r gy  i s  n o t  c o n s e r v e d  d u r i n g th e  s h o r t
e n e r gy w o r k do n e  by  a  bo dy  a g tJ i 1+s t Tr i c t i o 1+ I e s u l t s  i t 1 

t i m e  o f  c o l l i s i o n
a  lo s s  o f  i t s  k i 11e t i c  e i 1e r gy  

(b) Y e s
,  

t h e  t o t a l l i n e a r  m o m e n h 1m  i s  c o n s e r v e d  d u r in g
(c ) I nt ernal  f o r c e s  i n  a  m a n y- p a r t i c l e  s y s t e m  c a n c e l  

t h e  s h o r t  t i m e  o f  a n  e l a s t i c  c o i s i o n  o f  t w o  b a l l s

o u t  i n  p a i r s  a n d  s o  t h e y  c a n n o t  c h a n g e  th e  n e t  

(C) I n  a n  i n e l a s t i c  c o i s i o n
,  

th e  t o t a l K E i s  n o t  c
m o m e n t u m  o f  t h e  s y s t e m O n l y  t h e  ext er nal  f o r c e s  

s e r v e d d u r i n g c o l h s i o n  a s  w e l l  a s  e v e n  a f t e r  th e
c a n  p r o d u c e  c h a n g e  i n  m o m e n t u m TTï e  r a te  o f  

c o l l i s i o n B u t  t h e  t o t a l l i n e a r  m o m e n t u m  o f  t h e  t w o
cha n ge o ï n 1o m e n t t t m  o ï  m a n y p a  r t i cce sy s t en t i s

p r o po r t io n a l to  t ìze  ex t e n Ta l j b r c e  o n  the  sy s t e n 1
Ba l l s  i s  c o n s e r v e d

(d) . n  a n  e l a s t i c  c o l l i s i o n
,  

t h e  k i n e t i c  e n e r gy  o f  t h e  (t l ) T h e  c o 1 s i o n  i s  e l a s t i c  b e c a u s e  th e  f o r c e s  i n v o l v e d

s y s t e m  d e c r e a s e s  a f t e r  t h e  c o l l i s io n  b u t  th e  t o t a l  a r e  c o n s e r v a t i v e

e n e r gy  o f  t h e  s y s t e m  a n d  i t s  t o t a l l i n e a r  m o m e n 6 9 A  bo dy  i s i n i t ia l ly  a t  r e s t I t  u n t l e r go e s  o n e d i m e n s io n a l

t u m  d o  n o t  c h a n g e  a f t e r  t h e  i n e l a s t i c  c o l l i s i o n N zo t io n  w i t l1 c o n s hTn t  a c c e l e r a t io n Tt r  e  po 1u e r  tBe l iu e r e d t o  i t  a t

t i ?n e t  i s  p r o ï?o r t io m 11 t o

m e r ea s o n s þ r  y o u r  a n s t u e r

s tü t e m e n t s  i s o r  l aÄ
m t u  2  m t  w  t 32 M t

(a ) ï n  a 1+ e la s t ic  c o tl is io 11 o f  t 1t to  bo t1ie s ,  
the  n 1o n re J1t u n z a n t i  A n s I n s t a n t a n e o u s  v e l o c i t y ,  

u - O +  n t  =  a t

en e r g¥ o í ea c h bo dy is c o n se r u ed p o w e r
,  

p  =  Fu - m a u - m a  x  a t  =  m a
2  

t

W) To ta 0e i 1e r gy o ï a  sy s t e m  i s  n 1u l a y s c o n s e r u e d
,  

1t o  Bn a t te r  A s  m a n d  a  a r e  c o n s t a n t
,  

[ o  P c e t

t u ha t  in te r i t a 0 a n d e x tem n 1 fo r c e s  o n  th e bo ciy t1r e p r e se n t 
A l t e m a t iu e ( i i ) i s c o r  e c t

Lc) W o r k o n e i n  th e m o t io n  o í n  bo dy o D e r  a  c l o s ed to o p is  
6 1o A bo dy i s  m o u i n g i Bn i i r e c t io n a 1ty u n der  th e i n l l u en c e

z er o Jo r  eu e r y ío r c e i n  n a t u y e  
o í 几 s o t t T c e o ï c o n s t a n t  po u  Te r 0t s  di sp l a c e i n e n t i n  t i ïn e t  i s

cd) ï n  a n  i n e l a s t i c  c o l l is io n
,  

t he l i m 11 k i n e t i c  e ì1e r gy i s  
p r  叩  o r t i o m 11 t o

ühn ay s .es s  tha n  the i n M $ì kM e c  e n e r gy OHhe y s  e 1 
n > u  2  WV  W V  3 2  i t  t

2

A n s  A n s By  w o r k e n e r gy  t h e o r e m ,

(a) Fi1lse T o t a l m o m e n t u m  a n d  t o t a l  e n e r gy  o f  th e  e n t i r e  

W  =  p  ×  t =  

1 
n r u

2

sy s t e m  a r e  c o n s e r v e d  a n d  n o t  o f  i n d i v i d u a l  b o d i e s  2

(b) Fn is e T h e  e x t e r n a l  f o r c e s  a c t i n g o n  a  b o d y  m a y  

o r  u
2

c ha n ge  i t s  e n e r g y m
(c) Fa lse I n  c a s e  o f  a  n o n c o n s e r v a  t i v e  f o r c e  l i k e

f r i c ti o n
,  

th e  w o r k  i n  t h e  m o t i o n  o f  a  b o d y  o v e r  a

c lo s e d l o o p i s  n o t  z e r o

o f  the  s y s t e m  a l w a y s  c h a n ge s  i n t o  s o m e  o th e r  fo r m  
O n  i n t e g r a t i o n

,

o f  e n e r gy
b 8

n s w er  e a r efu [ty ,  w i t h r e a s o n s
\a) I n  a  n  e1a s t ic c o Bl is io n  o f h u o  bi l lia r d ba tts ,  

is  the  to ta l kin e t ic  s  o c  t
3 12

& , 
c  o n se r u e d d n r i n g the sho r t t i ïn e  o í c o Bl i s io n  o í 

H e n c e ,  
a ï t e r n a t i u e (i in i s  c o r r e c t

b Æ ls  ( i e
,  1u he n  t he y  a r e  i n  c o n t a c t ) ? [D e l h i  12 ]
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6 11 A  bo dy  c o n s t r a i n ed t o  m o D e  a lo n g the  Z a x i s  o f  I? D e n s i ty  o f  W a t e r
,

c o o r d i n a te  sy s te m  is  s u bìe c t  t o a  c o n s ta n t  Jo r c e p - 10 3 k g m
3

î . î .  2 j .  3 £ N
,  

t u he r e ?
,  j £ " " i t u e c t o r s a ìo n g t he M a s s  o f r a i n d r o p ,

X
,  

Y
,  

a n d Z a x is  of  the  sy s te m  r e spe c t iu e ly W tr a t  is  the w o r k m .  V o l u m e  x d e n s i t y : 冗 r
3 

p

do n e  by  this To r c e  i n  m o  i g he  bo dy a  d is  a n  e 4 m a to  g the 

: . " (2 *  10 3 ) 3 
× 103

.  × 10 6 
k gz a x i s  ?

A n s H e r e .  
. î . . ì .  3  N  

w o r k d o n e b y  th e  g r a v i t a t i o n a l  f ° . " h ' " i " r o p
A s  t h e  b o d y  m o v e s  a  d i s t a n c e  o f  4 m  a l o n g Z a x i s

,  
s o  i n  e a c h  jo u r n e y '

s
'

4 k m
W  =  F x s   ·  n t g ×  ì1

32 1

W  .  ( î +  2 j  +  3 1l ) (4  ) -

3 
× 10 6 

× 9 B ×  250 - 0 082 J  

Fo r  e n t i r e  j our ney,

- l ×  o +  2 ×  o +  3 ×  4 =  1 2 1
W o r k  d o n e  b y  g r a v i t a t i o n a l fo r c e

6 12 A n  e le c t r o n  a t ï d a  p r o to n  t1r e  t l e te c te d i 11 I? c o s n t ic  r a y  
+  W o r k  d o n e  b y  r e s i 5 t i v e  fo r c e

e x pe r i 111e i 1t
,  

t ì1e ß r s t  zu i th k i t 1e t ic  e i 1e r gy  10 k e v m t d t ìi e  s e c o t 1d - G a i n  i n  K E

u Ti th 100 k ev W hi c h i s 5a s t e r
,  

t .+e e l e c t r o n  o r  t h e p r o t o n  ? 
2 × 0 0 82  +  W

,
-

1 
m v

2

O b t a in  th e r a t i o  o ï  t h e i r  spe eds 2

Pr o t o n  m a s s  =  1 67 *  10 2 7 kg ,  
l e v - 1 60 × 10 19 

n  
o r  W

,  
=  : .  

2     (10) 
2

0 164

[D e l h i  0 8] 0 0 0 17 0 164 = 0 1623 1  
A n s K E o f t h e  e l e c t r o n - à,  1 1

,  
u  =  10 k e v 6 1 4 A  m o l e c t d e i n  a  ga s  c o n t a i n er  h i t s  a  h o r iz o n ta l u ì atì

K E o f t h e p r o t o n  31 Tr - 1oo k e v  
u ) i th s pe eD 200 m s

1 
a 11d l 1n g l e  3o ·  

1u i th t i l e n o n n a 1 a n d

2 P r ebo t t n s  t u i th t he s a ?J1e s pe e d I s  1ï 1o m e n t u m  c o n ser u ed i n  the

à. '
,  

1} 10 k e v  c o l t i s i o n  ? 0s  the  c o 1Bi s i o n  e .a s t i c  o T i n e l a s t i c  ?

ê. .
,

' ' T0 A n s M o m e n t u m  i s  a l w a y s  c o n s e r v e d w h e th e r  the

c o l l i s i o n  i s  e l a s t i c  o r  i n e l a s t i c

9 11 ×  10 3 1 
x .

o r
1 67 × 10 27 

x  u 10

U? 1 ニワn

o r

o r .  13 53

T h u s  t h e  e l e c t r o n  m o v e s  f a s t e r  t h a n  t h e  p r o t o n  F i g 6 4 9
6 13 A  n 1i n  d r o p  o f  r a d i 1t s  2 m m j a 11s j r o t ?1 a  /+e ig l 1t  of  500 1n  

A s  th e  w a l l  i s  h e a v y ,  
t h e  m o l e c u l e  r e b o u n d in g w i th i ts

a bo u e  t11e  g r o u n d I t Jmt l s  w i t l1 de c r e a s i 11g  a c c e le r a t io t 1 ( t i n e  to  o w n  s p e e d  d o e s  n o t  p r o d u c e  a n y  v e l o c i t y  i n  th e  w a l l Le t
u is c o 1Bs  r e s is t a n c e  of  l ì1e  a i r ) u n t i l a t  /at f  i t s  o r ig i n a l  /+e ig ì1t i t n t  b e  t h e  m a s s  o f  t h e  m o l e c u l e  a n d  M  t h a t  o f  th e  w a l l
a t t a i n s  í t s  m a x i n n n n  ( t e r n +i Bt a l ) spee d a m l  m o D e s  w i th u n ijo r m

s pe ed the r e ape r w ha t  is  the  u t o r k t 1o n e  by  l ì1e  g r a u ita t io n i 1l  
K E b e f o r e  c o l l i s i o n

,

IOr c e o n  t hc  d r o p i n  t h e Jì r s t a n d s e c o n  ha lf  o ï i ts  jo u r n ey

1F i ts  s pe e d o n  r e a c l1b 1g t he  g r o 1t n tB is  1o n +s
' ? 

K E a f t e r  c o l l i s i o n

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

í
- à " " 00 )  .  å M  (0)  2 × 10 

4
.

a c c e l e r a t i o n  o r  w i t h  u n i fo r m  s p e e d t h e  v or k  d o n e  b y - K
i

g r a v i t a t i o n a l fo r c e  o n  th e  d r o p  r e m a i n s  s a m e  A s  th e  K E i s  c o n s e r v e d t h e  c o l l i s i o n  i s  e la s t i c
H e r e  r  =  2 - 2 ×  1o 3

.  
6 15 A  p 1l 171p o n  t i t e  g r o 1t 11t î ßo o r  o f  n  bu i ld i n g c a l l  pu mp

D i s t a n c e  m o v e d  i n  e a c h  h a l f jo u r n e y u p w a te r  to ß lB a  t a n k  o f  1t o l u m e  3o t t 1
3 i t 1 15 m i n  J í the t a i tk is

h =  .  25o m  
40 n z a bo D e  t i re  g r o u n d n n d the  e j5Fi c ie n cy  o f  the pu m p is 30%

2  ho w  m t t c h e le c tr i c  po w e r  is  c o n s u m ed by t he  9 1 1  ?

P
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An s   M a s s  o f  w a t e r - V o l u m e  x  d e n s i ty  6 17 Th e  bo b A  of  a  pe n d u l u m  r e lea s ed Tr o m  30 °  to  the

- 3o ×  10o0 =  3 ×  104 k g u e r t i c a l  h i ts  a n o the r  bo b B of  t he  s a m e  m a s s  a t  r e s t o n  a  ta ble  a s

W o r k  d o n e  
the  bo b A  r is e  a pe r  l tt e  c o l l is io n

Sho w n  i n  F i g 6 51 H o i u  h igh  do e s

o u tp u t  P° ' "  T i m e  T  Ceg ïe c t  the  s iz e  of  the  bo bs  a n d

.  

3 ×  10 4 
×  9 8 ×  40

_

39200 
W  

a s s u m e  t ïze  co l l is io n  t o  be  e la s t ic
15 × 60 3 A n s ,  W n e n  th e  b o b  A  h i t s

O u tp u t  p o w e r  b o b B o n  th e  t a b l e
,  

i t  t r a n s f e r s  i t s

A s  Ef f i c i e n c y -

I n p u t  p o w e r  

x  100 
e n t i r e  K E t o  t h e  b o b B b e c a u s e

t h e  c o i s i o n  i s  e l a s t i c T h e  b o b  A
O u t p u t  p o w e r

In p u t  p ° W = I  

Ef%c i e n

" 1 u u " ' " ' " ' ' ' ' ' C  1u L d Lr u n  0 1 t i
c y  w h He  t h e  b o b B b e g i n s  t o  m o v e

-

39200
.  100 =  43 6 ×  103  W  

w i t h t h e  v e l o c i ty  o f  A F i g 6 5 1

3 ×  30 6 18 T l+e  bo b of  a  p e n d t Bl u m  i s  Te l e a s ed Tr òm  a  h o r iz o n t a l

- 43 6 k w Po s i t io 11 A  a s s ì+o zu n I í  the  le n g th o f  t he  pe n d u l u m  is  1 5 m
,

6 16 Tw o  i de n t i c a 1 bn ì . be a r i n gs  in  c o n t a c t  t u i t h e n c h o the r  
71  ·  h【t t  i s  the s pe e d w i t h ì Ä?h i c h t he bo b a w iu e s  a t  th e <o w em o s t

an d r es r i11g o n  a  í r ic t io n ie s s  t a bte a r e  <ì i t he a d o n  hy a n o t he r  ba l l 
a iT r e s is t a n c e ?

po i n t B
,  g iu e n  t ha t  i t d is s ipa t e s  5% o 7 i t s +n i t i a ì e t t e r gy a ga i n s t

benr in g oï t he s n m e ï n a ss  }T1o u i 118 i n i t ia /1y t u i t l1 a  s pe e d u +f  the

coì.ision  i s e la s t ic ,  
u ì l1i c h o ï th e s i t u a t i o n s  s ho t u n  i n  Fi g 6 50

,  
i s

1 5 m

a lToss ible r esu l t af te r  c o l li s io n  ?

一 如 (i i i) F i g 6 5 2

3 A n s H e r e  h - 1 5 m
,  u  =  ?

Fig 6 5 0

A n s Th e  s y s t e m  c o n s i s t s  o f  t h r e e  i d e n t i c a l  b a l l
bea r in gs  m a r k e d a s  1

,  
2 a n d 3 L e t  1n  b e  t h e  m a s s  o f  e a c h

ball be a r in g
To ta l k in e t i c  e n e r gy  o f  t h e  s y s te m  b e f o r e  c o l l i s i o n

-

1 
111u

2 
+  0 +  0 =  

1 
n t u

2

2 2

P E o f  t h e  b o b a t  A  =  1n g ï1

K E o f  t h e  b o b a t  B =  

1 
n 1u

2

2

A s  5% o f  t h e  P E i s  d i s s i p a t e d a g a i n s t  a i r  r e s i s t a n c e
,  

s o

cc aa ss ee (i ) K E 

T.. JÌ: : '

:;
" "

Ca se  (i i ) K E o f  th e  s y s t e m  a f te r  c o t s i o n

- 0 +  
1 

m t
2

.  

1 
BTn

2

2 2
Ca s e M o K E o f  th e  s y s te m  a f te r  c o M s i o n

- : . ' " 9a)
'

.  9H" "
'

Be ca u se  in

h ssrble 

r em a i n s  u n c h a n ge d H e n c e ,  c a s e (i i ) is  t ì1e  o n ly

5 yste ln  
a n  e l a s t i c  c o i s io n

,  
th e  k in e t i c  e n e r gy  o f  th e

ï es uh  oH he co M s io n

: 1n u
2

.  95% o f  1n gh

o r  
1 

n 1z,  
2

.  x rn g11
2 100

o r " J 2 
-

l ï1o u i 11g t ¢n i li) n 1t ty  1u i t ì1 n  s pe e d o f  27 km /h o n  a  Tr i c t io n les s

6 19 A  t T o l l ey o ï m a s s 300 k8 c a r r y in g a  s a n dba g o f 25 k8 i s

t mck A ft e r  a  t ATh i le ,  s a n d s t n r ts  l ea k in g o tBt o ï  a  ho le  o n  tJ1e

t r o l ley
'

s po o r  a t  t}1e r a t e o f 0 0 5 kg s
1 W n a t i s the  spe ed o f  t he

t r o l ley a ft e r  t ì1e  e n t i r e  s a n d brr g i s e 1n p ty  ?

w i th  u n i fo r m  s p e e d  o f  27 k m /h
,  s o  n o  ext er nal  f o r c e  i s

A n s A s  th e  t r o l l e y  c a r r y i n g t h e  s a n d b a g i s  m o v i n g

a c t i n g o n  t h e  t r o l le y  +  s a n d b a g s y s t e m w n e n  t h e  s a n d
le a k s  o u t

,  
i t  d o e s  n o t  c a u s e  a n y  ext er nal  fo r c e  t o  a c t  o n  th e

e v e n  a f t e r  th e  s a n d b a g b e c o m e s  e m p ty

B
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6 20 A  pa r t i c le  o f  m a s s  0 5  kg t r a u e l s  in  a  s t r a ig l1t  l i n e  1u i th W o r k  d o n e  1 ga i n s t  t h e  g r a v i t a t io n a l  f o r c e
,

u e lo c i ty  u   ·  a x
3/ 2 

u ]he r e  a - 5 m
1/ 2

,
1 Wt r at  i s  t1/e  w o r k  W  =  n  x  m gh - 1000 ×  10 ×  9 8 ×  0 5

do n e  by  t he n e t  Jo r c e  d u r i n g  i ts  d is p l a c e m e n t  Tr o n 1 x - 0 t o  49
,  
000 1  

x   ·  2 m

A n s V e l o c i ty ,  
zJ =  a x

3/ 2 (b) M e c h a n i c a l  e n e r gy  s u p p l i e d  b y  1 k g  o f  fa t

 2 0% of  3.  × 107  1

A c c e le r a t i o n - X- : ° .
' "

- "  
/ :

°  20 *  3 8 *  107

.  76 *  105 1
100

- : . .
' "

A X
3 l z  \ .

'
.  

·  
Fa t  c o n s u m e d  fo r  76 *  10 5 1 o f  e n e r gy - 1 k g 

Fo r c e ,  
F =  M x  a c c e l e r a t i o n - : m a

2 
x  

2 

l ×  49
,  
ooo

Fa t  c o n s u m e d  f o r  49
,  
000 1 o f  e n e r gy

W o r k  d o n e ,

-

76 × 105
- 6 45 × 10 3 k g

6 23 ,  A  la rg e Jizm i ly  u s es 8 kw  of  po w e r (R) D i r e c t  s o la r

-

3 ×  o 5 ×  (5) 2 

[2 3 o 3 
] =

'

50 1 to  u s ef11l  e le c t r ic a l  e n e r8v ,  
ì1o 1u  la r ge a n  a r ea  is n e eded to  s u pp ly2 ×  3

,  
8 k w  ? (b) c o m pa r e  t l1is  a r ea  to  tha t  o f  the  r pof  o f  a  1+o zBs e

6 21 T he  Bì l a des  o f 民 w in dm i l l sw e ep o l l t n  c i r cBe of n r ea  A Co l l s tT u c t e  0 11 a  p l o t  o f s i z e  20 m  x  15 m  u ?i th  a per m is s io n  t o

(a ) ï f  t ì+e t u ín d ßo 1u s  a t  a  u e ïo c i ty  z  pe r pe m Bic u 1n r  to  t ï+e  c i r c l e
,  

c o D e r  1tp to  70%  [D e l h i  o3】

i s  t ì?e  ki t+e t ic  e n e r gy  of  l tt e  a i r  ? (c ) A s s 1t m e  tì+n t  tì+e  zu in t1m i l l  

A n s (a ) し t  th e  a r e a  n e e d e d  t o  s u p p l y  8 kw - A  m
2

c o n u e r ts  25% o f  t ì ï e u ì in d s  e n e r gy  i t/to  e le c t r ic a l e n e r gy ,  
a n d 

E n e r gy  i n c i d e n t  p e r  u n i t  a r e a  =  2oo w

Bì?a t  A  =  3o ï n
2

u - 36 k 1n / h n ï rd l ì ïe dm s iy  o f n i r  is l 2 kg 1ï 1
3 En e r gy  i n c i d e n t  o n  a r e a  A - 2o0 ×  A  W

Wi 1n t  is t l1e  e l e c t r ic J?l  po l d e r  p r o d u c e t l  ? En e r gy  c o n v e r te d  i n t o  u s e fu l  e l e c t r i c a l  e n e r gy
A n s (l +) V o lu m e  o f  th e  a i r  

: p
a s s i n g th r o u gh  t h e - 20% o f  200 ×  A - 4 0A  W

w in d m i l l  i n  t i m e  t  
Bu t  40 A  W .  8 k w  =  8000 W

- A r e a  o f  c i r c le  x  d is ta n c e  c o v e r d  by  w in d in  t i m e  t  8000
 A  x ut  = A u t  o r  A - - 2 00 m2

.

m  =  D e n s i ty  x  v o lu r n e  =  pA u t

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

(b) K i n e t i c  e n e r gy  o f th e  a i r  i s

A '
_ 70 % o f  20 m  x  15 m

70 ×  20 × 15

(c ) K E o f  a i r  c o n v e r te d  in t o  el echi cal  e n e r gy  i n  t i m e  t  

R e q u i r e d r a t io  =  .  

2oo
.  2o : 21

A  210

K '
- 25% o f  K -

25
.  : pA u

a
t .  

1 
p A u

3 
t  

6 24 A b1t l le t o f  m a s s 0 0 12 kg a n t i  ho r iz o n ta l  s peed
100 2 8 70 n i§

1 
s t r ikes  a  blo ck o f  1u o o d o f  rn n s s 0 4 kg « n t l  in s tam t lyEl e c t r i c a l  p o w e r  p r o d u c e d  

c o m es to  r e s t  1u i t ì1 r espe c t to  the bl o ck Ttr e  blo ck is s u spe n ded

-
c

.    p a  u
3

.  

1
.  1 2 * 3o *  (1o)   

Tr o m  the c e i l i n g by m en n s  o f  th in  w i r es c a lc u l« t  the he igl1t  to
8 8 w hi c h the bl o ck r is es A Bs o  e s t i m a t e the a m o 1m t  o í hea t pr o du ced

【  u   ·  36 k m h 1
.  10 m s

'
] 

i n  the blo c k ICh a n d i ga r h 07】
- 4 5 ×  103 

W .  4 5 k w A n s M a s s  o f  b u l l e t
,  1n  =  0 012 kg

6 2 2 A  Pe r s o n  t r y i n g t o  to s e  1Ate ig i1t  (d ie te r ) l if ts  n  1o kg 
Sp e e d  o f  b u l l e t

,  1/ - To m s
1

do e s  she tl o  t1ga i 11s t  t i re  gr a u i ta t io n n tíFo r c e ? (b) Fa t  s u pp l ies  

I f  v  i s  t h e  v e l o c i ty  o f  t h e  c o m b i n a t i o n  a f t e r  c o l l i s i o n ,

m ec ha n ic a l e n e r gy t u i th a  2o%  ef ic i en cy r a te H o t u  m t+c h fa t  

m u  =  ( M  +  m ) v
w i l t t i re  die te r  u s e  1tp ? o r  V .  

!11u
.  

0 0 12 ×  70

A n s (a ) H e r e  m  =  10 kg ,  
Á.  0 5 m

,  n = 1000
,  k  们   4 + 0 0 12

g - 9 8 m s
2

.  .  2 04 m s
1

0 4 12
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l e t h be  th e  h e igh t  t h r o u gh  w h i c h  th e b lo c k  D s e s t h e n  a s  e
,  

<  o
2 s in  o

i  
<  s in  o

z

fr o m  the  co n s e r v a t i o n  o f  e n e r gy .  c o n s e qu e n t l y .  
t

,  
>  t

2
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.  

th e r e lb r e
.  

c a / 11i o t  a c c o zm t

f °  :  t he o b s er u e  c o ì 1t i m t o t Bs  en e r gy d i s t r i bu t i o n  i n  th e p l ec n y o í
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