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5 1 Giu e  the m agn i t u de  a n d di r e c t io n  of  the  n e t  To r æ  (c ) A s  th e  k i te  i s  h e l d  s t a t i o n a r y ,  
n o  n e t  fo r c e  a c ts  o n

a c t i n g o n  i t T h e  fo r c e  e x e r te d  b y  a i r  o n  th e  k i t e  i s  b a l a n c ed

(a ) a  dr op of  r a i n  Tizl l in g do ro n  1u i th a  c o n s ta n t  speed
,  

by  th e  t e n s i o n  p r o d u c e d  in  th e  s t r in g
(b) a  c o rk o f  m a ss  10 g ßo a t i n g o n  zu a te r

,  tD e l h i  n 】 (d) A s  th e  c a r  i s  m o v in g w i t h  a  c o n s t a n t  v e l o c i ty ,  
n o

(c ) a  ki te  ski Bfu l ly  he ld s ta t io n a ?y  in  the  s ky ,  
n e t  fo r c e  a c t s  i t T h e  f o r c e  e x e r te d  by  the  e n gin e  is

(d) a  c a r  m o u in g 1o i th a  c o n s ta n t  u e lo c i ty  o f  30 km /h o l z a  
b a l a n c e d  by  th e  f r i c t i o n  d u e  t o  r o u gh r o a d

r ou gh r o a ¢  [D e l h i  12] (e) A s  n o  f ie ld  (gr a v i ta t i o n a v e l e c t r i c /m a gn e t ic ) is  a c tin g

(e) a  h igh speed e lec t r o n  in  spa ce j a r  Tr o m  a l l g r a u i ta t i n g o n  th e  e le c h o n  th e  n e t  fo r c e  o n  i t  is  z e r o

o bjec t s
,  

a n d f r ee of ele c t r ic  an d m a gn e t i e f ie0ds  5 2 A  pebbl e o f  m a s s  o o5 kg is  thr o w - r tica lly u p o ar ds

A n s Giu e the  dir ec t io n  a n d m a gn i h Bde  o f t he  n et  Jo r c e o n  the pebbte

s p e e d
,  

n o  n e t  fo r c e  i s  a c t in g o n  i t T h e  w e igh t  o f  
(i ) d u r in g i ts  u pu Ta r d m o t i o n

t he  d r o p i s  ba la n c e d by the  u p th r u s t  a n d v i sc o s i ty  
(ü ) d u r i n g  i t s  do 1t ì n u ta r d m o t io n

o f  a i r (ü i) a t  the  h ighes t  po in t  u the r e i t  i s 1n o m a t ta Dly a t  r es t

(b) z e r o ,  
be c a u s e  th e  w e i gh t  o f  the  c o r k  is  b a l a n c e d  by  

D o  yo  u  r  a  n  s t u e  r s  a l ter  Bf  th e  pebb1 e  t o er e  t k r o t u  n  a t  a n  q  k
the  u p th r u s t  e x e r te d  by  w a te r  o f  sa y 45 o  

1t ì i th the  l1o D z o n t a t d i r e c t io n  ? Take  g - 10 m s
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A n s H e r e  m - o o5 k g ,  g - t o m s
2 

s 5 A  c o n s ta n t  ïet ardi 1t grce o f  5o 】v  is  a ppl ie d  to  a  bo dy

(i) N e t  fo r c e  o n  th e  p e b b l e - i n g  o f  m a s s  2o kg m o u i n g i n i t ia l ly  zu íth a  s pe ed o f  15 n 1s
1 H o 1t 1

- 0 05 ×  10 - 0 5 N
,  v e r t i c a l l y  d o w n w a r d s  l o n g  do es  t he  bo dy  ta ke  to  s t op ?

(i1) N e t  fo r c e  o n  t h e  p e b b le  =  m g A n s H e r e  F - 50 N
.  

m - 20 k g ,  u - 15 m s
1

,  u  =  O

- 0 05 ×  10 =  0 5 N
.  v e r t i c a l ly  d o w n w a r d s  A s  F  _ m a

(ii i) N e t  f o r c e  o n  th e  p e b b le  

a  =  

F
.  . 2 5 m s

2

=  m g - 0 05 ×  10 =  0 5 N
.  v e r t i c a l ly  d o w n w a r d s

.  20

The  a n s w e r s  w i l l  n o t  a l t e r  i f  t h e  p e bb le  w e r e  t h r o w n  a t  A l s o
,  

u  =  u  +  a t  0 =  15 2 5 ×  t

a n  a n gle  o f  45 °  
w i t h  th e  h o r i z o n t a l b e c a u s e  t h e  h o r i z o n ta l  

o r  t  =  6 s

co m po n e n t  o f  v e l o c i ty  r e m a in s  c o n s t a n t  
s 6 A  c o  n  s  ta  n  t  T o  e  a c t in g o n  a  bo dy  o f  m a s s  3 kg  cha n ges

5 3 Giu e he m a gn i t t Bde (1n d d i r e c t io n  f  he  n e t fo  c e c t i n g i t s  spe ed f om 2  m s
' t o  3 5 m s

' i n  25 s T he  di r ec t i o n  o f
on  a sto ï Be oï 0 1 kg 

m o t io n  o f t he fo r c e r e m a in s  u n c ha n ged w h a t  i s  the m a gn i t u de

(i) ju s t afte r  i t i s  dr opp ed l r o m  t he w in do w  o f a  s t a t i o n a r y 
a n t i the  di r e c t i o n  o ï the fo r c e ? LD e m  o 61

\ii) jt t s t aft e r  i t i s  d r o pp e t i ITo m  the +u i n do u ) o í  a  t r a in  
A n s H e r e  m - 3 g ,  

u - 2 m s
1

,  
u - 3 5 m s

1
,  

t  =  2 5 s

r u n n in g a t  a  c o n s  t a n t u e

a c c e le r a t i n g zt t i t ì t  1 1n s
2

3 5 =  2 +  a  x  25

(iu ) lyi n g o n  the l l o o r  o í  a  t r a in  . u h i c h i s  a c c e le r a t i n g w i t h o r  a  =  _ 0 06 m s
2

25
1 m s

2
,  

t he s t o n e  be in g a t  r e s t  r e ìa t i u e t o  t he  t r a in

Neglec t  a ir  r e s is ta n ce  th r o u gho t Bt
,  

a n d t a ke  g - 10 ï n s
2 F o T c e ,  

F =  m a - 3 ×  0 06 =  0 18  N

a n s h e r e  m _ o l  k g ,  g _ 1o m s
2 

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

(i) w Re n  th e  s t o n e  i s  ju s t  d r o pp e d f r o m  th e  w i n d o w  

s 7 A  bo dy  o f  m a s s  5 kg is  a c t ed  u po n  by  t u l o  p e r p e n di c u la r
o f a  s ta t i o n a r y  t r a i n

,

F - 8 - 0 I × 10 =  1 N
,  

v e r t i c a u y  d o w n w a r d s  fo r c e s o í 8 N  a n d 6 N G i t t e the m a gn i t u de  a n d di r e c t io n  o f the

(i í) W h e n  th e  s t o n e  i s  d r o p p e d  f r o m  th e  w i n d o w  o f  a  a c c e le r a t io n  o f  t ì1e  bo dy

tr a in  r u n n i n g a t  a  c o n s t a n t  v e l o c i ty ,  
n o  f o r c e  a c t s  A n s A s  s h o w n  i n  Fig 5 125

,

o n  th e  s to n e  d u e  t o  th e  m o t i o n  o f  th e  t r a i n   =  8 N
,  

F
z  

=  6 N
,  m - 5 k g

F =  m g - 1 N
,  

v e r t i c a l ly  d o w n w a r d s

(iü) In  th e  t r a i n  a c c e l e r a t i n g  w i t h  1 m s
2

,  
th e  s t o n e

e x pe r i e n c e s  a n  a d d i t i o n a l f o r c e
,

F '
.  M a - 0 1 ×  1 =  0 1 N

,  
a l o n g h o r i z o n t a l

A s  the  s t o n e  i s  d r o p p e d
,  

t h e  f o r c e  F '
n o  l o n ge r  a c t s

o n  the  s to n e  a n d  s o  n e t  fo r c e  o n  th e  s to n e  is

F .  m g - 1 N
,  

v e r t i c a l ly  d o w n w a r d s  F i g 5 1 2 5

(in ) H e r e  w e igh t  o f  t h e  s t o n e  i s  b a l a n c e d  by  th e  n o r m a l T h e  m a gn i t u d e  o f  th e  r e s u l t a n t  f o r c e
,

r e a c t i o n  o f  t h e  f l o o r

A c c e le r a t i o n  o f  th e  s t o n e

F =   F  ·  F =  48 2 .  62
_ 1o  N

- A c c e le r a t i o n  o f  t h e  t r a i n - 1 m s
2 

T h e  m a gn i t u d e  o f  th e  a c c e l e r a t i o n  p r o d u c e d
,

s 4 o n e  e n d o f a  s t r i n g  o f  l e n g th 1 is  c o n n e c t ed to  a  pa r t i c le  

a -

F
.  

1o
.  2 m s

2

m  5
of M as s  t n  a n d the  o the r  t o  a  s m a Bì peg o n  a  s n +o o th

"
.  W T  mY.  W T ,  mï ,  

0 e c o s  
' 0 81 3 6 W

,

T i  s the te n s i o n  i n  the  s t r i n g c h o o s e thë c o r r e c t  a l te r n a t iu e
W i  th e  8  N  f o r c e

: ,  (0 i . ' ' " . Th e n e t fo r c e o n th e p a r t id e  

36 k n t h
l  

s ees  a  i M ' ' " .  In  the  m i dd l e  o f l l/e  r o a d a n d
5 8 T he d r i u e r  o ï  a  t h r e e w he e l e r  m o u i n g w i th a  speed o f

' " ri  p -X x ' " r y  
b r i n gs  h is  u e li ic le  ' ' " n  4 s j u s t  i n  t i m e  M ' ' ' i "
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w Ha t  i s t he  a u e r age  ret ardi ngrce o n  the  u ehic te  ? T F1e m a ss  o f  s ta n d in g o n  t he  t op o f  the  t r u c k (6 m  high f r o m  the  gr o u n d)

the th r ee w hee1e r is  4oo k8 a n d th e m a s s  o ï t he dr iu er i s  65 k g W ha t  a r e  th e  (i ) u e l o c i t y ,  
(1n d ( i i ) a  c c eBel ' " t io n  o í the  s to w  at

A n s H e r e  u  =  36 k m h 1 /  10 m s
1

,  
U - O t  =  

A n s H e r e  u - O
,  

a - 2 m s
2

,  g - 10 m s
2

,  
t .  10 s

t  =  4 s
,  

m - 400 +  65 =  465 k g 
(i ) D u r i n g  f i r s t  10 5 /  

t h e  h o Dz o n t a l  c o m p o n e n t  o f theA s  u  =  u  +  a t  
2 v e l o c i ty  i s

0 =  10 +  a  x 4 o r  a - 2 5 m s  
u

x
- u +  a t  =  0 +  2 × 10 - 20 m s

1

M a gn i tu d e  o f  th e  r e t a r d in g fo r c e  o n  th e  v e h i c l e  i s  

F r o m  1o s  t o  11 s  (i e
,  

f o r  1 s ),  
th e  v e r t i c a l  c o m po n en t o :

F =  m a  =  4 65 ×  2 5 =  1162 5 N  
th e  v e l o c i t y  i s

u p1u a r ds  1u i th a n  i n i t ia l a c c e le r a t io 11 o f  5 n t s
2 Ca l c u ta te  t ì1e  

u
y

- U +  g t  =  0 +  10 ×  1 =  10 m s
1

i n i t ia t th r u s t  of  the  bla s t
R e s u l t a n t  v e lo c i ty ,

A n s I n i t i a l  t h r u s t  =  u p th r u s t  r e qu i r e d  t o  i m p a r t  u - - (2 0) 
2 

+  (10) 2 
=  l u is - 22 4 n 1s

1

a c c e l e r a t i o n  a  +  u p th r u s t  r e qu i r e d t o  o v e r c o m e  gr a v i
T h e  d i r e c t i o n  o f  r e s u l t a n t  v e l o c i ty  w i th  th e  h o Dz o n talt a t i o n a l  p u l l  

i s  g i v e n  by
- n 1a  +  n 1g - i n l a  + "

_

10
.  

1
- 20

,  
000 {5 + 9 8) =  20

,  
000 × 14 8 N  t a n  e =  

t  1 
x  

20 2 
o r  e =  t a n

'
(1 / 2) =  26 7 °

- 2 96 ×  105 N  
(i i) A s  th e r e  i s  n o  h o r i z o n t a l  a c c e l e r a t i o n

,  
the  o n ly5 1o A  bo dy  o f  m a ss  o 4 kg m o u ín g w i th a  c o n s ta n t  spe ed o f  

a c c e l e r a t i o n  i s  v e r t i c a l
10  m s

\  
t o  the  n o r th i s  s u bje c te a  t o  a  c o n s ta n t  Jo r c e  o f 8 N

d ir e c t ed to w a l d s  the  5 0 11 t ì1f o r  3 o s T ake  t li e  in s ta n t  t ì1e j o r c e  is V e r t i c a l l y  d o w n w a r d  a c c e l e r a t i o n  =  g - 10 m s
2

a ppl i e d t o  be  t  =  O
,  

t he  po s i t i o n  o í t he  bo dy a t  th a t  t i m e  t o  be 5 12  A bo b o í m a s s  0 1 k8 1m n g j r o m  th e c e i l in g oí a r oo m by

x  =  O a n d p r e d i c t  i t s  po s i t io n  a t  t  = 5 s
,  
25 s  a n  100 s a  s t r i n g 2 ì n  lo n g i s  s e t  i n t o  o s c i+ïn t i o n T he speed of the bob at

A n s w e  t a k e  s o u th  t o  n o r th  a s  t h e  p o s i t i v e  d i r e c t i o n
Tt s  n t ea J1 po s i t io n  is  1 TT1s

1 W ha t  is  the t r a je c to r y o f  the bob if

T h e n  u  =  +  1o m s
' (d u e  n o r th ),  

F = 8 N  (d u e  s o u t h ),  

the  s t r i t 1g is  c u t  r u l l e n  t il e  bo b is  fa ) a t  o n e o f  i ts ex t r a n e

t  =  30 s
,  

1?z - 0 4  k g po s i t io n s ,  (b) a t  i t s  1T1e a n  po s i t io n  ?

A n s

a -

F
.

8
_ 2o m s

2  

(a ) A t  t h e  e x t r e m e  p o s i t i o n  t h e  s p e e d o f  b o b i s z e ro
?n  0 4  

T h e  b o b  i s  m o m e n t a r i l y  a t  r e s t I f  t h e  s t r in g is  cu A
(i ) A t  t  = 5 s

,  
n o  fo r c e  a c t s  o n  t h e  p a r t i c l e  

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

X  =  u t  =  10 × ( 5) = 50 m  
(b) A t  th e  m e a n  p o s i t i o n

,  
t h e  b o b  h a s  a  ho r i z o n tal

Ei ) A t  t  =  25 s
,  

t h e  p o s i t i o n  o f  t h e  p a r t i c l e  w i l l  b e  
v e l o c i ty I f  th e  s t r i n g i s  c u t

,  
i t  w i l l  fa l l a l o n g a

.  =  u t .  / a t
'

.  10 ×  25 à .  20 *  (25 ) 
2 p a r a b o l i c  p a t h  u n d e r  t h e  e f fe c t  o f  gr a v i ty

- 250 6250 = 6000 m - 6 k m
5 13 A  1n n n  t A1e ighs  70 kg H e  s ta n ds  o n  a  t pe ighing

Ei i) A t  t  =  1oo s ,  
t h e r e  i s  n o  fo r c e  b e c a u s e  fo r c e  s t o p s  

n +a c l ï i11e  i n  a  l 1f1,  u tì1ic h is  n zo u i n g

a c ü n g a f t e r  t  =  3o s E) t t p1u t+r t l s  1t Ti t11 a  u n ifo n n  s pe ed o f  1o m s
1

'

D i s t a n c e  c o v e r e d  d u r in g f i r s t  30 s  i s
2

(i i) cto t l Tn [u a r ds  w i th a  t { n ifo r m  a c c e l er a t io n  of 5 m s

- 8700 m  u to u 1d be  t h e r e tt in g ,  
if  the l ift m e cha n ism  j a il ed a n d it can te

v e l o c i t y  a c q u i r e d a t  t  =  3o s  w i l l  b e  do H m  Tr e e ly  u n d e r  g m u i ty ? [D e l h i  o5c  c e n t r a l  s c ho o l s o8】

u - u  +  a t  =  10 20 ×  30 = 590 m s
1 A n s T h e  a p p a r e n t  w e i gh t ' " ' " d  X  X=

D i s t a n c e  c o v e r e d  i n  n e x t  To s  w i t h  c o n s t a n t  v e l o c i t y  o f  m a c h i n e  i s  t h e  m e a s u r e  o f  t h e  r e a c t i o n

590 m s
' i s  

E) w h e n  t h e  l i f t  m o v e s  u p w a r d  w i t h  u n i f o m t  v e lo c ity,

x
2

- u t  = 590 ×  70 = 41300 m  
r e a c t i o n  o f  th e  l i f t  i s  e q u a l  t o  t h e  w e igh t  o f  th e  m a n   

: p o s i t i o n  o f  t h e  p a r t i c l e  a t  t  =  100 s  i s  
A p p a r e n t  w e i gh t

,

X
l  

+  X 2
- 8700 41300 

R - 7n 8 - 70 ×  9 8 =  686 N  =  70 k 8 w t

- 50
,  
000 m  = 50 k m  

(ü ) W n e n  th e  l i f t  m o v e s  d o w n w a r d s  w i th o Ñ

5 11 A  t nck s ta r t s  Tr a m  r es t  a n d a c c e le r a t es u n ifo r ?n ly  a c c e le r a t i o n
,

t o i th 2 0 m s
2 A t  t  =  10 s ,  a  s to n e is  d r o pped by  a  pe r s o n  

a - 5 m s
2
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: A t  t  = O
,

I m p u l s e - C h a n ge  i n  m o m e n t u m

I'

.  

Ï ·  

4

- m (u u ) =  4 9 . 3 k g  m
l

Be fo r e  t  =  4 s ,  
th e  p a r t i c l e  h a s  a  c o n s t a n t  v e l o c i ty ,

u  =  Sl o p e  o f  OA  =  

3 
m s

1

-  ·  

A f t e r  t  =  4 s
,  

th e  p a r t i c l e  i s  a t  r e s t
,  s o  u - O

Plg 5 .  
1 2 6 (b ) A t t   ·  4 s

,

Re su l t a n t  d o w n w a r d f o r c e
, I m p u l s e  = m (u u ) =  4 0 - 3 k g m s

1

F =  m g - R o r  m a - m g R 

s 15 T 1u o  bo d ie s  o f  m a s s e s  1o kg a n d 2o kg r e spec t iu e ly
A ppa r e n t  w e i gh t

,  

kep t  o n  a  s m o o th
,  

h o r iz o n ta l  s u r la ce  a r e  t ied t o  the  e n ds  of   ·
R =  m (g a ) =  7 0 19 8 5) 

l igh t s t r in g A  ho r iz o n t a l  1DT c e  F =  600 N  is  a pp l ied t o  (i) B

- 7 0 ×  4 8 =  33 6 N  =  3 4 29 k g  w t  (i i) A  a l o n g  t l1e  d i r e c t io n  o f  s t r i n g W i t a t  is t f1e  te n s i o n  i n  t i i e

(i ii) w n e n  th e  l i f t  m o v e s  u p w a r d s  w i t h  u n i f o r m  s t r i n g  i n  e a c h c a s e  ? [C e n t r a 1 S c h o o l s  04
,  

09 ]

acce le r a t i o n ,  
a - 5 m s

2 
A n s H e r e  F .  6oo N

,  n - 1o k g  2 - 2o k g

Rç su l tan t  u pw a r d fo r c e ,  L e t  T b e  th e  t e n s i o n  i n  t h e  s t r in g a n d  a  b e  th e  a c

F =  R m g o r  m a - R m g l e r a t i o n  p r o d u c e d  in  t h e  s y s t e m ,  
i n  th e  d i r e c t i o n  o f  a p p l i e d

: A ppa r e n t  w e igh t
,  

fo r c e  F T h e n

R =  m  (g + 11) =  70 (9 8 +  5 ) 
a -

F 600 
20 m s

2

- 70 ×  14 8 =  1036 N  =  10 5 7 k g w t  n  +  2  10 +  20

Wn e n  th e  l i f t  f a l l s  f r e e ly  u n d e r  g r a v i t y ,  
a - g (i ) Su p p o s e  t h e  p u l l  F i s  a p p l i e d  o n  t h e  b o d y  B o f  m a s s

A pp a r e n t  w e i gh t
1 

R =  m  (g a ) =  n t  (g g ) =  0 20 k g ,  
a s  s h o w n  i n  Fi g 5 128 (a )  

Th is is  t h e  c o n d i t i o n  o f  w e i gh t l e s s n e s s L e t  .  b e  th e  t e n s i o n  i n  t h e  s t r in g A s  i s  t h e  o n l y

5 14 Fig 5 127 s l1o u ps  the  po s i t io n t i ï n e  g r a ph o f  I? pa r t i c le  f o r c e  a c t i n g o n  m a s s  10 k g ,  
s o

ol m ass kg W ha t  i s  th e  ( i ) l o r c e a c t in g o 11 t he  pa r t ic l e Io T T =  W  a . 10 × 20 =  ZOO N

t < O
,  
t > >  4 s

,  
O < t < 4 s  ? (i i ) i m p u l s e  tz t t .  O a n d t  = 4 s  ? 

2 - 20 k g

A su m e tha t  tì1e m o t io n  is  o n e  dim e n s io n i 1t [D e l h i  09 ]
1n

4 n wþ

A  B 
(a )3  

2 .  20 k g

0  4 t  (s )

(b)

(i i) w n e n  t h e  p u l l F i s  a p p l i e d  o n  b o d y  A  o f  m a s s  10 k g

[& g 5 128 (b) ],  
t e n s i o n  i n  th e  s t r in g w i l l  b e

h ì B " " s  a p p l i e d

T
2 

=  2  a - 20 ×  20 =  4 00  N

C l e a r ly ,  
t h e  t e n s i o n  d e p e n d s  o n  w h i c h  m a s s  e n d th e

5 16 T w o  m a s s e s  8  kg a n d 12  k g a r e c o n n e c ted a t the h u o

a l  a l s o  
e n ds  o f  a  l ig l1t  i n e x te n s ible  s t r i n g tha t  go es  a u er  aTicti onless

(ii) Be fo r e  t .  o
,  th e  p a r t i c l e  i s  a t  r e s t

,  
s o  I B - o 

p u l ley Fi n d t i t e  a c c e l e r a t io n  o f  t he  m a s s e s  a n d t he  te n s io n  in  the

1 fte r  t  a o
,  th e  p a r t i c l e  h a s  a  c o n s t a n t  v e l o c i ty ,  s tD n g zu l l e n  t he  m a s s e s  a r e r e le a s e d D  e ]  h  i  101

t l  =  Sl o pe  o f  OA .  

3 
8

1 A n s H e r e  m - 8 k g ,  
M  =  12 k g ,  g - 10  m s

F

4
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Fr o m  th e  d u i v a t i o n  o f  c o n n e c t e d  m o t i o n  in  Q 45 o n  5 19 A  5 /1e l l  of  m a s s  0 02 kg is  ß r e d by  a  g u n  o f  m as s

Pa ge  5 31
,  

w e  h a v e  

12 8 r e c o i l  sp e ed of  th e  g 1m  ? 

Of th e she l l  i s 

[C e n t r a l  Sc h o o l s  141
M  +  m

g -

12 +  8 
×  10 =  2 m s

2 

A n s M a s s  o f  s h e l l
,  

m - 0 02 k g

T  =  
W

g -

2 ×  12  ×  8 
×  10 =  96 N M a s s  o f  g u n ,  

M  =  100 k g
M  +  m  12 +  8 

Sp e e d o f  s h e l l
,  

u - 80 m s
1

5 17 A  n u c l e u s  is a t  r es t  i n  t ì1e  la bo r a t o r y  Tr a m e  o f  L e t  V  b e  t h e  r e c o i l  s p e e d  o f  t h e  g u n A c c o r d in g t o  the

r e le r e n æ St1o 1u  tha t  if  í t  tl is in t e gm tes  i n t o  ta to  s m a l le r  n u c l e i
,  l a w  o f  c o n s e r v a t i o n  o f  m o m e n t u m

,

the  p r o d u c t s m iBs t  m o De  i n  oppo s i te  d i r e c t io n s  
I n i t i a l  m o m e n t u m - F in a l  m o m e n t u m

A n s L e t  M  b e  t h e  m a s s  o f  th e  n u c le u s  a t  r e s t Su p p o s e

a n d  o r  O =  1n u  +  M V
i t  d i s i n t e gr a t e s  i n t o  t w o  s m a l le r  n u c l e i  o f  m a s s e s  11  

n 1u  0 02 ×  80

n  w h i c h m o v e  w i t h v e l o c i t i e s  q  a n d o 2 
r e s p e c t i v e l y V  =

i f
-

1oo
0 016 m s

1

M o m e n t u m  b e f o r e  d i s in t e g r a t i o n - M  ×  O =  0 
N e g a t i v e  s i g n  i n d i c a t e s  t h a t  t h e  g t 1n  m o v e s  b a c k w a r d

M o m e n t t u n  a f t e r  d i s i n te gr a t i o n - n v l +  m 2 0 2 
a s  t h e  b u l l e t  m o v e s  f o r w a r d

A c c o r d in g t o  th e  l a w  o f  c o n s e r v a t i o n  o f  m o m e n h 1m  
s 2 o A  ba ts 1T1a n  t1epe c ts  a  ba l l by  t 111 a 11g le  of  45 °  

1u i tho u t

n  +  m t s z
- o o t  u z

-

1
T\  

t he  i m p u i s e  i m pa r t e d t o  t he  ba t t ? M a s s  o ï the  ba l l  i s o 15 kg
A s  m a s s e s  n  a n d  2  c a n n o t  b e  n e g a t i v e

,  
th e  a b o v e  A n s Sp e e d  o f  th e  b a l l  =  54 k m h 1

.  15 m s
1

e qu a t i o n  s h o w s  t h a t q  a n d  1/  m u s t h a v e  o p p o s i t e  s i g n s  i e  

L e t  a n d  b e  th e  v e l o c i t i e s  o f  t h e  b a l l  b e fo r e  a n dth e  tw o  p r o d u c t s  m u s t  m o v e  i n  o p p o s i t e  d i r e c t i o n s

5 18 T1u o  bi l l ia r d ba l ls  ea c l+ of  1n a s s  0 0 5 kg i n o u i r 1g i n  a f t e r  d e f l e c t i o n

o ppo s i t e  d i r e c t io n s  l u i ta s pee d o f  6 m s
1 

c o l l ide  a n d r e bo 1t n d A s  t h e  s p e e d o f t h e  b a l l  r e m a i n s  u n c h a n g e d e v e n  a f te r

u t i th th e s a m e s pe ed W ha t  i s  t he  i m p u 1s e i m p tt r t ed t o  e a c h ba <B d e : l e c t i o n ,  s o

A n s Fi g 5 129 (a ) a n d  5 129 (b) s h o w  t h e  s i t u a t i o n s  o f  
1 1\  1 =  1 u 2 l =  15 m s

1

th e  t w o  b a l l s  b e f o r e  a n d  a f t e r  t h e  c o l l i s i o n I n  Fi g 5 130
,  
Jb .  = d  .  C le a r ly ,  

th e  c h a n ge

1 1
6 m s 6 m s  i n  v e l - .  H r  o f  t h e  b a l l  i s

A  B

(a )

FOr  ba l l  A  Pi
-

0 05 ×  6 =  0 3 k g m s
1 

F ig 5 1 3 0

pl
- M o m e n h l m  a f t e r  c o ms i o n  T h e n  u  =  J11 . ' +  2q °

,
' " 45 °

I m p u l s e  i m p a r t e d  t o  b a l l  A  d u e  t o  b a l l  B 
(15)  .  (15) 

2 
+  2 *  15 ×  15 *  (1/ l 2 )

- Pl Pi
- 0 3 0 3 = 0 6 k g m s

1
+  225 +  225 0  =  2 7 T2 m s

1

Fo r  ba l l B Pi
-

0 05 ×  ( 6) = 0 3 k g m s
1 

I m p u l s e  i m p a r t e d  t o  t h e  b a l l

- M o m e n t u m  a f t e r  c o i s i o n  

M a s s  x  Ch a n ge  in  v e lo c i ty  o f  t he  ba l l

Pf
.  0 05 ×  (6) =  0 3 k g m s

1 
0 15 ×  27 72 =  4 16 kg m s

1

I m p u l s e  im p a r t e d  t o Ba l l  B d u e  to  b a l l  A  
I m p u l s e  i s  i m p a r t e d a l o n g u

'
A s  t h e  v e lo c i ty  is  the

- Pf Pi
- 0 3 ( 0 3) =  0 6 k g  m s

1
Re s u l t a n t  o f  t w o  v e l o c i t i e s ,  

a n d
,  

w h i c h  h a v e  e qu a l
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. E ,  s o  i  e qu a l l y  d i v i d e s  t h e  a n g le  b e t w e e n  a n d  (c ) R e fe r  t o  F i gs 5 96 a n d  5 97 A  l a w n  m o w e r  is  p u l l e d

m 智商自 o r  p u sh e d  b y  a p p l y i n g fo r c e  a t  a n  a n g l e T h e  v e r t i c a l

A  
i e I1n pu ls e  i s  d i r e c t e d  a lo n g th e  b i s e c t o r  o f  i n i t i a l  a n d  c o m p o n e n t  o f  th e  a p p l ie d  fo r c e  r e d u c e s  th e  e f fe c t i v e

Oz w e i gh t  o f  th e  m o w e r  i n  c a s e  o f  p u l l  a n d  i n c r e a s e s  t h e

m a l d i r e c t i o n s  
e f fe c t i v e  w e igh t  i n  c a s e  o f  p u s h Co n s e q u e n t ly ,  

th e

5 21 A s to n e  o f  o 25 kg t ied to  t i l e  e t 1d o f a  s t r i n g is  1u h i r led 
n o r m a l  r e a c t i o n  a n d  h e n c e  t h e  f o r c e  o f  f r i c t i o n  i s  l e s s  in

u n d in 11 c i r c le o f  r ad iu s  1 5 n 1 1u i t l1 a  spee d of  4 0 r e t t / M in  i 1? t1 
c a s e  o f  p u l l  t h a n  t h a t  i n  p u s h H e n c e  i t  i s  e a s ie r  t o  p u l l  a

H .  tat pla n ' Vhat  is  t ì1e te n s io n  i 11 the s t r i t 1g ? W i1a t is  t ìï e  
l a w n  m o w e r  t h a n  t o  p u s h  i t

the s t r ing ca n  t u i ths ta n d a  rT1a x i Br111rn  t e i 1s io n  o f  200 N  ? (d ) W h e n  t h e  b a l l  i s  c a u gh t
,  

t h e  i m p u l s e  r e c e i v e d  b y

[c h a n d i g a r h  o4 c e n t r a l  s c h o o l s  14 ] 
t h e  h a n d s  i s  e qu a l  t o  t h e  p r o d u c t  o f  th e  f o r c e  e x e r t e d  b y
t h e  b a l l  a n d  th e  t i m e  t a k e n  t o  c o m p l e t e  th e  c a t ch By

An s (i) H e r e  n 1 - 0 25 kg  r - 1 5 m  
m o v i n g t h e  h a n d s  b a c k w a r d s

,  
th e  c r i c k e t e r  i n c r e a s e s  t h e

v   ·  40 r e v  m in
3 m u c h  s m a l l e r  a n d  i t  d o e s  n o t  h u r t  h i m

1
.  4o r e v  (6o s )

1
_

2 
r p s  

t i m e  o f  c a t c h T h e  fo r c e  e x e r t e d  o n  h i s  h a n d s  b e c o m e s

Æ - 27t v - 2n  x  

2
_ r a d  s

1 5 24 Rig 5 131 be lo 1u  sho w s  the  po s i t io n t i m e  g r a ph o f  a
3 3 pn r t i c le  o f  m a ss  0 04 kg StBgge s t  a  s u i t a ble  phy s ic a l  c o n tex t j o r

Te n s i o n  i n  t h e  s t r i n g - c e n t r ip e t a l  f o r c e  

r e c e iu e t l  by t i l e pa r t ic le ? w i1a t  is  the m ag n ihBde o f ea c h i m pu ls e  ?

T   ·  1n r  u
2

.  0 25 *  1 5 *  9T _ 6 6 N

A s
r  

6 8 10 12

5 22 A  s to n e t ied to  tì1e  e n d o f  s t r i n g is  u ] /1i r  le d r o 11J1t l  i n  a  F i g 5 1 3 1

c i r c le i71 a  ho r i z o n t a l plBt n e IF the  spe ed o f  t ï1e  s t o n e  is  i ï1c r e i 1s ed A n s F i g 5 131 s h o w s  t h a t  (i) th e  d i r e c t i o n  o f  m o t i o n  o f

beyo n d the 1n a x i m r1n 1 pe r 1n is s ibl e  s a l u e
,  

t m d the  s t r h 1g br ea ks  
t h e  p a r t i c l e  c h a n ge s  a f t e r  e v e r y  2 s  a n d  (i i) i n  b o th

su dden ly ,  
t 1Thic h o f  t l ze j o l lo w in g c o r r e c t ly de s c r ibes t i t e  t r a ìec to ry  d i r e c t i o n s ,  

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

of  the s to n e ape r  the  s t r in g br e a ks  
B e f o r e  t  =  2 s

,  
v e l o c i t y  o f  th e  p a r t i c l e ,

(b) the s to n e ß ie s oú  ta n ge n t ia l ly  Tr o 1t 1 b t e  i n s t a n t  t l ï e  

u - Sl o p e  o f  x t  g r a p h

s t r i T1g br ea ks
,  

(2 0) c m
_ 1 c m s

1
.  0 0 1 m s

1

(c) the  s to r+e ß ie s  o $ a t  a n  a n g le  u t i th the  t a t 1g e n t  zu ì1o s e  
(2 0) s

m ag11i t u de  depe n ds  o n  the  spe e d of  t i t e  pa r t i c le  ? A f t e r  t  =  2 s
,  

v e l o c i ty  o f  t h e  p a r t i c l e
,

A n s Th e  al t er nat i ve b) i s  c o r r e c t W n e n  t h e  s t r i n g
.  =  

(0 2 ) c m
_ i c m s

1
. o 01 m s

1

b r e a ks
,  

th e  s t o n e  ü i e s  o f f  t a n ge n t i a l ly  f r o m  th e  i n s t a n t
,  

t h e  (4 2) s
s t r in g b r e a k s T h i s  i s  b e c a u s e  th e  v e lo c i t y  a t  a n y  p o i n t  i s

d i r e c t e d a l o n g th e  t a n ge n t  a t  t h a t  p o i n t
M a s s  o f  p a r t i c l e

,  
n 1 =  o o4 k g

5 23 Ex pla i t z 1t ,  hy  

A t  t - 2 s
,  m a g n i t u d e  o f  i m p u l s e

(b) pa s s e n ge r s  a r e  tì1rownjon1Tardjont th e i r  s ea t s  1LJhe n  a  

8 ×  1 o
4 

k g  m s
1

(c ) i t  is  ea s ie r  t o  p 1t l l a  la 1u n  m o t Lte r  tha n  t o  p 1t s ì1 i t  
r e b o u n d i n 8 o f  a  p a r t i c l e  b e t w e e n  t w o  w a l l s  s i t u a te d  a t

(d) a  c r i c ke t e r  m o D es  11ís  ha n d s  ba c k u Ta r ds w h i te  /1o ld ín g  a  
X  =  0 a n d  X - m  T h e  P a r t i c l e  r e c e i v e s  a n  i m p u l s e  o f

A n s (a ) Fo r  p u l l i n g a  c a r t  o r  f o r  r u n n i n g ,  
th e  h o r s e  

m s a f t e r  e v e r y  2 s

pu s h e s  th e  e a r th  w i t h  i t s  fe e t  a n d  r e a c t i o n  o f  th e  e a r t h  
5 2 5 F ig 5 13 2  s ì1o 1u s  a  Tn a n  s t a n t Bi n g  s t a t i o n a r y  1u i th

m a k e s i t m o v e \n t h e  t o t w a r d  d i r e c t i o n s i n c e in e m p t y  X ' : KX/ zx
,  X X \ ' ;

sp a c e  th e r e  i s  n o  r e a c t i o n  fo r c e ,  
th e r e fo r e  th e  h o r s e  c a n n o t  

s t a t ic Tr ic t io n  be t w e e n  t he  m a n s  s ì1o e s  a n d  t l 1e  be l t  is  o 2
,  u p to

r u n  in  e m p t y  s p a c e
Tu h a t  a c c e te r a t io n  o f  t h e  be l t  c a n  t he  m a n  c o n t i n u e  t o  be

(b) Re fe r  t o  s o l u t i o n  o f  p r o b l e m  7  o n  p a g e  5 62 s t a t io n a r y  r e l a t i u e  t o  th e  b e l t  7 M a s s  o f  I li e  m a n  =  65  kg 

o r
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F i g 5 1 3 2

A n s A s  th e  m a n  i s  s t a n d i n g s t a t i o n a r y  w r t Th e  b e l t

A c c e le r a Do n  o f  t h e  m a n

 A c c e l er a t i on  of  the  be l t  = a - 1  ms -

M a s s  o f  th e  m a n
,  

m - 65 k g

N e t  to r c e  o o  t h e  m ar l - 1n a - 65 ×  1 6S N

G i v e n  c o e f f i c i e n t  o f  f r i c t i o n
,  Þl - 0 2

L i m i t i n g f r i c t i o n  f  =  p R =  ; l  r i 1g

I f  th e  m a n  r e m a i n s  s t a t i o n a r y  w r t Th e  m a x i 1n u m

a c c e l e r a t i o n  a
'

o f  t h e  b e l t t h e n

m a
'

.  f  =  l11n g

a
'

.  H g - 0 2 ×  9 8 =  1 96 m s
2

1n  a  u e r  t ic a t c i r c le o f r n i l i 1t s R T he n e t fò r c es  a t  t he .ou l e s t n n ì

5 26 A s t o n e  o f m a s s m  t i ed t o  t he e n d L\ f 17 s t r in 8 i s  > e t t o i u e d

ìt ig ]1es t  po i n ts  o f  I l i e  c i r c le  di r ec te d u e r t i c t1ïly ,  1o 1u 111u a r d s  a r e

L o w e s t  Po i n t  H ighe s t  p o i n t

Ei) A c t i o n  o f  t h e  r o t o r  o f  t h e  h e l i c o p t e r  o n  the

(i l i ) F o r c e  o n  t h e  h e l i c o p t e r  d u e  t o  t h e  s u r r o u n d in g a i r

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

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

Fo r c e  o n  s u r r o u n d i n g a i r

3 2500 N
,  v e r t i c a l l y  u p w a r d s

5 28 A  s t r e t1m  o f  ruaterßouíng ho r iz o n t a l ly  l u i ta a  sp ed f
15 m s

'
g u s hes  o 11t  o f  a  t u be  o f  c r o s s s e c t io n a l  a r e a  10 '

nB
,

a n d h i t s  a t n  v e r t i c a l  u l a ìB n e a r by W h a t  i s  the Jo r c e ex er ted o n
t he  1u a l l  by  t i i e  i n 1p a c t  of  u t a te r

,  
a s s u m i B1g i t  do e s n o t  r e bo u n d ?

A n s H e r e  1B - 15 m s
1

,  t l  =  0 t - l s A - 10 2
.  

2

D e n s i t y  o f  w a t e r  =  100 0 k g m
3

m  =  M a s s  o f  w a t e r  g u s h e d  o u t  p e r  s e c o n d
V o l u m e  x  d e n s i t y A r e a  x d i s t a n c e  x d e n s i ty

T i m e  T i m e

A u p - 10 2 
×  15 ×  1000 =  150 k g

"

T
- e d

,- e a H  

X. . 2250 N

Fo r c e  e x e r te d  o n  t h e  w a l l  b y  th e  i m p a c t  o f  w a t e r
,

:'

X: : _::: X.  B: : z:: , " T e l 1 o n e r u pe e c o í}1s a r e p 1l t o n  t o p of . ' " . ' "m g +  T
,  

ï  ( 1n  ) / R 
t a bt e Ea c l t  c o i n  h a s a  m a s s  m  kg G i t   e  t he n t a gn i t u e a n d

H eTe f T
1  la h d u

1 ,  t ) 
2 ) de n o t e  th e t e n s i o n  i n  th e s t T i n g 

di r e c t io n  o í
(a n d th e spe ed o ï the s t o n e ) a t the  l o u ' e s t  a n d th e h i gh e s t po i n t ci ) th e Jo r c e o n  t l 1e 7 t l '

c o i n  (c o u n t ed Jr o m  the bo t t o m ) di l e
r e s pe c t iu e ty Cho o s e the c o Tr e e t a l t e r n a t iu e To  n l i  th e  c o i n s  o n  i t s  t o p

A n s Th e  a l t e r n a t i v e  (i ) i s  c o r r e c t  b e c a u s e  t h e  n e t  fo r c e  
(í i) t i l e  Jit r c e  o n  t ì+e 7 t l1 

c o in  by  t he  e igh t l1 c o in
a t  th e  l o w e s t  p o i n t  L i s  F

,
- rn g .  A n d  t h e  n e t f o r c e  a t  (i i i ) the  r e t1c t io t 1 of  t i re  6 t l1 

c o i n  o n  t he  7 111 
c o i nh igh e s t  p o i n t  H  i s '

H  
=  Tn g +  7

2 [c e n t r a l  Sch o o l s  09]
5 27 A  he l i c o p te r  o f  i n a s s 1o0o kg r is e s u ] i t l1 n  1t e r t i c a l  

A n s (i ) Fo r c e  o n  th e  7 t h  c o in

a c c e le r a t io t 1 o f  15 n 1s
2

T l1e  c r eu ) a n d t ì+e  t ] a s s e i t ge r s  u l e ig ì1 
Fo r c e  d u e  t o  3 c o in s  o n  i t s  t o p - 3 Bn g300 kg G lu e  the  n 1ag n i t u t Be a i td d i r ec f io n  of  Ei) Fo r c e  o n  th e  7 th  c o i n  b y  th e  8 th  c o i n

(1) Jo r c e  o n  t he ßo o r  by t í+e  c r e w  u 11d pa s s e n ge r s M a s s e s  o f  Bth 9 th  a n d  1o th  c o i n s  x  g - 3 m 8(i i ) a c t io n  o f  the  r ° to r  t rf  t1l e  í1e l íc op te r  o tz the  s t1r r o 1n 1di t1g a ir (i i i) R e a c t i o n  o f th e  6 th  c o i n  o n  th e  7 t h  c o inEi i) Jo r c e  o n  the / ïe l ic o p t e r  d u e  t o  t11e  s u r r o 1u +tl i n g n i r - F o r c e  o n  t h e  6 t h  c o i n  d u e  t o  7 t h  c o i n - 4 m 8  T a ke  g - 10 m s
2 

[D e l h i  03 ] 5 30 A I 1 ni rcmp e x e c u t e s  a  ì1o r iz o n tn t lo o p a t  a  speed ofA n s M a s s  o f  h e l i c o p te r
,  M .  1ooo k g 

the  l o o p ? 

u 1i t lt  i t s  1u i t 1g s bt1n ke t i  t l t  15 ° w n a t is  t ì+e  r n di u s o f
M a s s  o f  t h e  c r e w  a n d  p a s s e n ge r s

,  m  =  3oo k g A n s H e r e  e .  15 °
,  g - 9 8 m s

2 

[c e n t r a 1 s c h o o l s  o7]

V e r t i c a l ly  u pw a r d  a c c e l e r a t i o n
,  a - 15 m s

2

(i) Fo r c e  o n  th e  fl o o r  by  th e  c r e w  a n d  p a s s e n g e r s
,  

u - 72o k m h 1
.  

720 ×  5
_ 2o0 m s

1

F .  A p p a r e n t  w e igh t .  N+ (g +  a ) 18

- 300 ( 10 +  15) =  T500 N
,  v e r t ic a l ly  d o w n w a r d s

A S t a n  e -

1]
2

r8
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P
2 2oo ×  2o0 

In  m o d e  (b),  
th e  m a n  a p p l ie s  a  d o w n w a r d  fo r c e  e qu a lr s  

g t a n  0 9 8 ×  t a n  15 °  

to  25 k g w t A c c o r d i n g t o  N e w t o n
'
s  th i r d  l a w

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

 1 5. 4  × 103  m
 =  15. 4 km.

i l l  be  i n t he  up wa r d  di rec t ion .

=  

9 B × - T o t a l a c t i o n  o n  t h e  f lo o r  b y  t h e  m a n

5 31 A l r a i11 r zt n s  a lo n g  a n  u n ba n ked c i r c u la r  t r a c k o f  50 kg w t 25 kg w t  =  25 k g w t  =  25 ×  9 8 N  =  245 N

r adius  3o m  a t a  speed o f  54 k n t ìt
1 Th e  m a s s  o f  t iTe t r a i n  i s  A s  th e  f lo o r  yel ds t o  a  d o w n w a r d  fo r c e  o f  7oo N

,  
s o  th e

1o 
6 kg wt 1nt  pr o u ides  t ì+e  c e n t r ipe ta l  Jo r c e  r equ i r ed Jo r  t ì1is  m a n  s ho u ld a d o p t  m o d e  (b)

úu q os e ? Th 

l  

e n g in e o r the H t iBs ? T he o u te r o r  the i n n er r a iB ? 5 33 A m o n key o f m n s s 4o kg c Bim be 5 o n a To pe w h ic h c a n

which r n il  u \ itl t l Teo r  o u t  l a s te r
,  

t he o u t e r  o r  the in n er  r a i t ? 
s t a n d a m a x im t Bm

the r a ils ? 
(i) c l im bs  u p w i t l1 a n  t1c c e le r a t io 11 o f  6 m s

2

An s H e r e  

(íi ) c l im bs  do u i n  1u i th a n  a c c e le r a t i o n  o f  4  m s
2

r - 30 m ,  
U - 54 km h 1

.  15 m s
1

,  
n 1 - 10 6 kg 

(i i i) c l im bs  u p 1u M 1 a  u n ifo r m  speed  o f  5 m s
1

The c e n t r ip e ta l f o r c e  r e q u i r e d fo r  t h e  p u r p o s e  i s

pr o v ide d by th e  l a t e r a l th r u s t  by t11e  o u te r  r a i l  o n  th e  
(iu ) ß1l ls  do 1u n  the r o pe  B1e a r ly Tr e e1y  u n de r  g r a u i ty  ?

flan ge s o f  th e  w h e e l s By  N e w t o n
'
s  th i r d l a w  o f  m o ti o n

,  
Ta ke  g - 1o m s

2 Ig n o r e  the  m a s s  o f  the  r o pe

t r a in  e x e r ts  a n  e q u a l a n d  o p p o s i t e  t h r u s t  o n  t h e  o u  t e r

r ai l
,  

c a u s in g i t s  w e a r  a n d t e a r

t a n  e =  : - - 0 7653

T A

A n g le  o f  ba n k i n g ,  
O =  3 7 4  

\
'

AT

5 32 A  b.o c k oï m a s s 25 kg i s r a i s e  by a  50 kg m a n  i n  tw o

àiñer en t w a ys a s  sho w n  i n  Fis 5 133 W i1a t i s the a c t i o n  o n  t he

Jloo r  by the m a n  in  th e  tw o  c a se s  ? .í  the po o r  y ie l ds t o  a  n o r m a l

o r T  =  H 1 (S +  n ) =  40 ( 10 +  6 ) =  640 N

(i i) W he n  th e  m o n k e y c l i m bs  d o w n  w i th  a n  a c c  le r a t io n

' 召 · · · 。圜 a - 4 m s
2 [F ig 5 135 (l : ) ] ,

(Æ) (b) 
t n g

T  =  m  (g n ) =  40 ( 10 4 ) =  240 N
- o r

&g S 13 3  W  w n e n  t h e  m o n k e y  c h m b s  u p Ä h  u n i f o n n  s p e e d
,

An s In  m o d e  (a ),  
th e  m a n  a p p l ie s  fo r c e  e q u a l  to  25 k g w t  T  =  m g - 40 ×  1o =  4 oo N

= the  u  p w a r d d i r e c t i o n A c c o r d i n g t o  N e w t o n
'
s  th i r d  l a w  (i u ) W h e n  th e  m o n k e y  fa l l s  d o w n  t h e  r o p e  n e a r ly

H "
,  th e r e  w i l l  be .  Do w n w a r d fo r c e  o f  r e a c t i o n  o n  f r e e ly ,  

° - g
f lo o r  T  =  m  (g a ) = .  (g g ) =  0

To ta l  a c t io n  o n  t h e  f lo o r  b y  th e  m a n  A s  th e  t e n s i o n  i n  t h e  r o p e  in  c a s e  (i) i s  g r e a te r  th a n  t h e

- 5o k g w t  +  25 k g  w t  =  75 k g w t  m a x i m u m  p e r m i s s ib l e  t e n s i o n  (600 N ),  
s o  th e  r o p e  w i l l

=  75 ×  9 8 N - 735 N
b r e a k  i n  c a s e  (i ) o n ly
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5 34 T zu o  bo d ies  A  a n d B o f  m a s s es  5 kg  a n d 10 kg i n  N e t  fo r c e  e x e r t e d  b y  A  o n  B a f t e r  t he  r e m o v a l  o f

c o n t a c t w i th e a ch o ther  r es t  o n  a  t a bte a gn i n s t  a  r igid pa r t i t i o n Pa r t i t i o n

Ti r e  co eûi c ie n t  o f  Jr i c t io n  be t 1u ee n  t l+e  bo d ie s  a n d the  ta ble  i s  1 59 3 =  192 65 59 3 - 133 35 N

o 15 A f o r c e  o f  2oo 1v  is  a pp l ied 11o r i z o n t a 1ly  a t  A W tr a t  a r e  (t o w a r d s  r i gh t )
旧 the  r ea c t io n  o f  the  pa r t i t io n  (i i) t ìï e  a c t io n r e a c t io n  Jo r c e s  R e a c t i o n  o f  th e  b o d y  B o n  A - 133 5 N

be h u em  A  a n d  B ? wTzat  ha ppm s  w he n  the  pa r t i t io n  is  r em o u ed ? 
(to w a r d s  le f t )D o es  a n sw er s to  ( i i ) ch a n ge

,  
w hen  th e  bo dies  a r e i n  m o h o n  ?

. 35 A  b l o c k o ï m a s s  15  kg i s  p l a c e d o n  a  to n g t r o l ley T heIgn o r e  di ûi rence be tu tee n  P ,  
a n d P k 

r o ew c ie 11t  o f j r i c t io ï z be t u ] e e l 1 t ì1e  bl o c k a n d the  t r o l ley  is  o 1 &A n s M a s s  o f  b o d y  A  
TT1e  t r o l ley  a c c e le r a t e s þ o m  r e s t  w i t 11 o 5 1n s

2 
Jo r  2o s a n d thenm A

- 5 k g  
Bt t o u e s  u ?i th u n ifo r m  +t e Bo c i ty D i s c u s s  the m o t io n  o f  the bl o c k a s

M a s s  o f  b o d y B 
u ie w e d by  ( i ) a  s ta t io n a r y  o bs e r u e r  o n  the  g r o u n d (i i) a n

m B
- 10 k g o bs e r u e r  m o u i 11g  u  i Bì1 the  t r o l ley

C o e f f i c i e n t  o f  f r i c t io n ,  A n s M a s s  o f  b l o c k
,  m - 15 k g

rB - 0 15 
0 18

,  
a - 0 5 m s

2

A p p l ie d fo r c e
.  

P =  200 N  
M .  x i ' ' " a  l . " . . t  i f , i  c t i . .

.

' " Os

j
. .

- p ,  
R =  p .  

1n g - 0 18 × 15 × 9 8 - 26 46 N

F o r c e  a c t in g  o n  th e  b l o c k  d u r i n g t h e  a c c e le r a te d
- m o t i o n

,

F  ·  1n a  =  15 ×  0 5 =  7 5 N

  围困  =  A s  í . . .
.  F

,  
s o  t h e  b l o c k  d o e s  n o t  m o v e I t  r e m a in s . .

r e s t  w r t Th e  t r o l l e y ,  e v e n  w h e n  i t  i s  a c c e l e r a t e d w n e n

t h e  t r o l l e y  m o v e s  w i t h  u n i f o r m  v e l o c i ty ,  
a c c e l e r a t i o n  i s

F i g 5 1 3 6  z e r o  a n d  h e n c e  n o  f o r c e  i s  a c t i n g o n  t h e  t r o l l e y

(i ) Fo r c e  o f  l i m i t i n g f F i c t i o n  i s  (i ) T he  s t a t i o n a r y  o b s e r v e r  w i l l  s e e  t h e  a c c e l e r a te d

f  =  P R =  P ( l q  + P ~ ) g 
(i i) w h e n  t h e  o b s e r v e r  i s  i n  th e  t r o l le y ,  

h e  i s  in  a n
- 0 15 × (5 +  10) ×  9 8 =  22 05 N  

a c c e l e r a t e d  o r  n o n in e r t i a l f r a m e Th e  l a w s  o f
(t o w a r d s  l e f t ) m o t i o n  a r e  n o t  a p p l i c a b l e Bu t  d u D n g u n i fo r m

W h e n  a  f o r c e  o f  200 N  i s  a p p l i e d
,  

t h e  n e t  fo r c e  e x e r t e d  m o t i o n  h e  w i l l  s e e  t h a t  th e  b l o c k  i s  a t  r e s t  w r t
o n  th e  p a r ti t i o n  i s  h i m

P '
.  P f  =  200 22 05 - 17 7 95 N  5 36 T71e  r e i 1r  s ide  o f a  t r u c k is  o pe n  tzn d a  bo x  o 640 kg m a s s

(t o w a r d s  r i gh t ) i s  p tn c e d 5 i n  a 1u a y  Jr o m  the  o pe n  e J1d a s  s l1o w n  i n  Fig 5 137
Re a c t i o n  o f  t h e  p a r t i t i o n - 177 95 N  (t o w a r d s  l e f t ) T ï+e  c o eûìc ie 11t o fTr i c t io n  be t u Te e n  t ì1e  bo x  a n d the  sur{ace belo w

Ei) Fo r c e  o f  l i m i t i n g f r i c t i o n  o n  b o d y  A  i s  
a 11d a c c e l e r a te s  t 4Ti th 2 n zs

2 A t  u ] ha t  d is ta n ce  Ji o m  the0 =  PW - 0 15 × 5 × 9 8 _ 7 35 N  S tn r t in g po i n t do e s t he bo x fa B1o fFth e t n Bc k ? Ign o r e the m a s s of
N e t  f o r c e  e x e r t e d  by  b o d y  A  o n  b o d y  B i s  

the  bo x

1 =  P j  =  200 7 35 =  192 65 N

(t o w a r d s  r igh t )
R e a c t io n  o f  b o d y  B o n  A  =  192 65 N  (t o w a r d s  l e f t )
W h e n  t h e  p a r t i t i o n  i s  r e m o v e d Th e  s y s t e m  o f  th e  t w o

bo d i e s  m o v e s  u n d e r  t h e  a c t i o n  o f  t he  n e t  fo r c e
,  

F i g 5 1 3 7

P '
.  177 95 N  A n s M a s s  o f  b o x

,  n 1 - 40 k g
A c c e l e r a t i o n  p r o d u c e d  i n  t h e  s y s t e m

,  
A c c e l e r a t i o n  o f  t r u c k

,

P '

177 95 
t 1 =  2 m s

2
a - .  

5 +  10
- 11 86 m s

2

+  m  D i s t a n c e  o f  th e  b o x  f r o m  t h e  r e a r  e n d
,

Fo r c e  p r o d u c in g m o t i o n  in  t h e  b o d y  A s · 5 r n

- n  a  =  5 ×  1 1 86 - 59 3 N  
C o e f f i c ie n t  o f  fr i c t i o n

,

p - 0 15
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A s  the  b o x  i s  in  a n  a c c e l e r a t e d  f r a m e ,  
i t  e x p e D e n c e s  a  A n s A t  th e  h i gh e s t  p o i n t  o f  th e  d e a th w e l l

,  
th e  n o r m a l

ba ck w a r d fo r c e ,  r e a c t i o n  R o f  th e  w a l l s  o f  th e  c h a m b e r  a c t s  d o w n w a r d s

F =  m a  Th e  c e n t r i p e t a l  f o r c e  i s  p r o v i d e d  b y  M s  w e i gh t  tn g a n d  t h e

M o t i o n  o f  th e  b o x  i s  o p p o s e d  b y  th e  f r i c t i o n a l  f o r c e  
n o r m a l r e a c t i o n  R

m
f  =  p R =  p  m g T

- R +  m g

N e t  fo r c e  o n  th e  b o x  i n  th e  b a c k w a r d  d i r e c t i o n  i s  T h e  m o t o r c y c l i s t  d o e s  n o t  f a l l  d o w n  d u e  t o  t h e

F '
.  F f  =  m a p  m g - n ï (a H g ) b a l a n c i n g o f  th e s e  f o r c e s Fo r  m i n i m u m  s p e e d

,  a t  th e

- 40 (2 0 15 ×  9 8) =  2 1 2 N
h i gh e s t  Po i n t

,  
R =  O

.  
SO th a t

A c c e le r a t i o n  p r o d u c e d  i n  th e  b o x  in  t h e  b a c k w a r d  + - n zg

d i r e c t i o n ,  

F 2 I 2
o r l i mi n - =  425 × 9 8  = 15 65 m

1

a _ 。 . 0 53 m s
2

m  40 5 39 A  70 kg m a n  s ta n ds  i n  c o n t a c t  a ga i n s t the  w a l l o f  a

I f  the  b o x  t a k e s  t i m e  t  t o  fa l l  o f f  t h e  t r u c k
,  

th e n  

l u i ta 2oo r e u / m in T7ï e  co e w c ie n t  o f Tr i c t io n  be h u e e n  the  u ?a tt

s  =  11t  +  
1

,
' t  

2 
o r  5 =  o ×  t  +  

1 
×  o 53 ×  t  

2 
a n t B ì1i s  c lo t l t in g is  o 15 w ha t  is  the  m i n im u m  r o ta t io n a l  spe e d

2 2  
o f the c y l i n de r  t o  e n a bBe the m a n  t o  r e Jn a i n  s t u ck t o  t h e t o a l l

2 
5 B2

_

10  (t u i tho t l t  l at l i n u The n  th e  Jl o o r  i s s u dden ty r e m o u ed ?

o r  t .  

0 53 0 53 [C e n t r a 1 Sc h o o l s  14 ]

Th e  d i s t a n c e  c o v e r e d  b y  th e  t r u c k  a c c e l e r a t i n g  a t  A n s H e r e  r - 3 m
,  H - 0 15

,

2 m s
2 d u r in g t h i s  t i m e  i s  

v - 2oo r p m -

200 
r p s

l 2 l  10 60
S

'
=  

2 
i l t .  

2
.  2 *  

0 53
- 18 57 m

ü ) - 27t  v  =  2 *  
2 2

.  

200
_

400 
r a d  s

1

5 37 A  di s e r eu o ìu es  u Ti t h a  spe e d o ï  33 l  r eu  m i l e
'

a n
7 60 7

ìt a s  a  r a d iu s  o f  15 T 1u o  c o in s  a r e  p l t 1c e d a t  4 ¡ ?1 a n d  14 a n  
T h e  h o r i z o n t a l  r e a c t i o n  R o f  t h e  w a l l  o n  th e  m a n

au )ay l r o 1n  the c en t r e o í the di s c  Ií  the c o eñi c i en t o f l r ic t i o n  p r o v i d e s  th . " " - - n t T i p e t a \  f o r c e

be tu tee n  the  co in s a i 1d the  dis c  is 0 15
,  

u t l 1i c 11 o f  t i l e  h u o  c o i n s  R =  .  N zn o
2 

【  u  =  r m 】
1u i l l Te u o lu e 1u i t11 t ì1e d is c  ? T a ke g - 9 8 n 1s

2 

T h e  f r i c t i o n a l f ,  c  e  f  a c t in g v e r t i c a l l y  u p w a r d s

A n s H e r e  v - 33
'

r p m -

1 o o 
r p m -

1 o  o 
r p  s  b a l a n c e s  th e  w e igh t  o f  th e  m a n T h e  m a n  w i l l  r e m a i n

3 3 3 ×  60 
s t r u c k  t o  t h e  w a l l a f t e r  t h e  f l o o r  i s  r e m o v e d

,  
i f

ü) - 2n v  =  2 *  

2 2
.  

100
.  

1 2 20 
r a d  s

1 f a h R

7  3 60 63 
o r  n zg [  p 1n  r  (o

2 【  f  =  m g 1

r  =  15 c m
,  p - 0 15 o r g  [ p r co  

2 
o r  (o

2 /

Th e  c o i n  w i l l  r e v o l v e  w i t h  t h e  d i s c  i f  t h e  f o r c e  o f  
W

fr i c ti o n  i s  e n o u gh  t o  p r o v i d e  t h e  n e c e s s a r y  c e n t r i p e t a l  
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