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u ide l in e b t o  N C ERT  Ex e rc i»e b

3 1 1n  u t lt ic h o f  the  To l to t u in g ex a m ples  o f  m o t io n  cm l  the  (i i i) The  s p in n in g ba l l - be - ide r ed as  po in t
bo dy  be  c o n s i de r ed nppr o x i m a l e1y  a  po i n t o bjec t o b je c t  be c a u s e  i t s  s iz e  is  qu i t e  a w r e c i a bte  as

(t) a  r a i 1u ta y c a r r iage m o u i n g u rít1m u t  j er ics  be - c o m pa r e d  to  t h e  d is t a n c e  th r o u gh w  hi ch / t
t u o  s t a t io n s - o n  h i t t in g th e  g r o u n d

(i r) a m o n la y  s i t t in g o n  the  tqp qFa n ra n cyc .  I ngsmooy (ip ) T he  tu m b l in g be a k e r  s l i pp in g o £f th e e dge o f a
o 1t a  c i r c u la r  tn ack ta b le - be - d e r ed  a  p o i n t  o bje c t  l i s e

(üi ) a  sp i n n in g c r ic ke t  ba l l  t t  t u n t s sha r p ly  o n  hi t t i n g i7  s iz e  is  n o t  n11e gl i gib ly s m a lle r  tha n  th e  he ight

the  g r o u n d
,  

a n d o f  the  ta b le

Liu ) t u m bl in g - tha t  ha s  sl ipped o $ the  e dge o ï n  The po s i t io n t im e  (x t ) gr « phs jb  ·  k/ ì chi +t i r cn A an d B
ta bk  ? r e t l 1n 1i n g i r o n t  t1ie i r  s c J1o o 1 0  to  t1t e i r  ìBu t n es  p  a n i l  Q r t s p ¬ 

t iÐe ty  a r e - in  Fig 3 82 Cho o s e  I II ¬  c o r r « t c?t t r i t  in  tltc

b r a  be lo 1o
(i ) The  c a r r i a ge  c a n  be  c o n s i d e r e d  a s  the  po in t

o bje c t  bec a u s e  tt 1e  d i s ta n c e - n  t w o  s t a t io n s  
(a ) A / B Ji t les  c lo s  ¬  r  to  t l 1e s ï 1OB )  I tìza rz B / / L

is  m u c h la r ge r  t ha n  t he s iz e  o f  th e  c a r r ia 8e (b) A /  Bs mTmm I ï1 ¬ sd 1o o l t  ·  a r ïie r  tha n  B/ A

(i l ) T he  m o n ke y  c a n  be  c o n s id e r e d  a s  a  po in t  (c ) A  /  B u )* B1c i  加 te r  l h¢zn  B / / <

o b je c t  be c a u s e  i t s s iz e  is  m u c h s m a l le r  tha n  the  (d ) A  a r i d  B r ea c h ho n t e  t1l  the  eel di ñi rrmt  ) t im e  

d is t a n c e  c o v e r e d by the  c y c l is t (c ) A  / B o m r l i 1k t s B / A o n  the  r o ad (o 11ce/ l+u ice )
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T h e  x t  g r a ph  o f  t h e  w o m a n
'
s  m o t i o n  is  s h o w n  i n

F i g 3 83 H e r e  9 A M i s  r e g a r d e d  a s  th e  o D g in  f o r

t i m e a x i s  a n d  h o m e  a s  t h e  o r i g in  fo r  t h e  p o s i t i o n a x i s

2 ; 1

H  1 ; I I

Fig 3 8 2
5 06 PM

困国 。

A n s (H o m e ) U 
10 11 12 1 2 3 4 5 6

(a ) A s  OP <  O Q A  l i v e s  d o s e r  t o  t h e  s c h o o l  th a n  B A M  T im e > PM

(b) W h e n  x  =  a
,  

t  =  0 f o r  A  ; w h i l e  t  h a s  s o m e  f i n i t e  F i g 3 8 3

v a l u e  w h e n  B s t a r t s  m o v i n g So  A  s t a r t s  f r o m  

3 4 A  d r u n ka r d u ì a lk in g i n  t1 n a r r o zu  ta n e  ta ke s  5 s tep s
th e  s c h o o l  e a r l i e r  t h a n  B 

Jo r zu a rd a n d 3 s t ep s  ba cku t a r d
,  Jo l l o zu ed a ga in  by  5 s teps j o r zu a rd

(c ) Sp e e d =  Sl o p e  o f  x t  g r a p h  
a n d 3 s teps  backuar d

,  
a n d s o  o n Ea c h s t ep is  1 m  lo n g a n d

Sl o p e  o f  x t  g r a p h  >  Sl o p e  o f  x t  g r a p h  
r e qu i r e s  1 s p lo t  the  x t  g r a ph o f  ì1is  m o t io n D e t e r n r ín e

f o r  B £o r  A  
gr a ph ic a l ly a n d o t he n o i se  ho w  to n g the dr u n k a r d t a ke s  t o ta l t i n

B w a lk s  f a s t e r  t h a n  A  B1 p i t  13 m  a zo a y j r o m  t i l e  s ta r t

(d) C o r r e s p o n d in g t o  t h e  p o s i t i o n s  P a n d  Q t i m e  t  A n s (a ) G r a p h i c a l  m e t h o d T a k i n g t h e  s t a r t in g  p o i n t

i s  s a m e  o n  t i m e a x i s A s  o r i g in
,  

th e  p o s i t i o n s  o f  t h e  d r u n k a r d  a t  v a r i o u s  in s t a n t s

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

(e) 万 。
絮了 才发 し丝ヒ1国 i园m 回国国 12小小 7

a ft e r w a r d s
,  

s o B  o v e r t a k e s A o n  t h e  r o a d  o n c e   ·  (团团 国国  r &  m  l 1 1 8 13

3 3 A u ì o m a n  st ar t sj om 11e r ho n 1e a t 9 00 A M 1o a tks 1u í t11 
Th e  p o s i t i o n t i m e  (x t ) g r a p h  f o r  th e  m o t i o n  o f  t h e

a speed o f  5 k n 1h
1 

o n  a  s t r i 1igl1t r o a d u p to  he r  oj j ce 2 5 k n 1 d r u n k a r d  i s  s h o w n  in  F i g 3 84 A s  i s  o b v i o u s  f r o m  g r a p h
aw ay ,  s tays  a t  the oMæ  u p to  5 P M a n d r e t u r n s  ho m e by a n  

t h a t  t h e  d r u n k a r d  w o u l d  t a k e  37 s  t o  f a l l  i n  a  p i t  13 m

the x t g r aph o f  1+e r  m o t io n

A w a y  f r o m  t h e  s t a r t i n g p o i n t

#

.

Fo r  t h e  r et ur n oumey fr o m  o c e  t o  h o tn e  

t  (s ) +

The  ti m e  a t  w h i c h  s h e  l e a v e s  h e r  o f f i c e - 5 P M
F i g 3 8 4

N o w  sh e  t r a v e l s  a  d i s t a n c e  o f  2 5 k m  w i th  a  s p e e d  o f  (b) A n a l y t i c a l  m e t h o d I n  e a c h  f o r w a r d  m o t i o n  o f  5
25 k ï n h 1

,  
h e n c e  t h e  t i m e  t a k e n  

s t e p s  a n d  b a c k w a r d  m o t i o n  o f  3 s t e p s ,  
n e t  d i s t a n c e

c o v e r e d - 5 3 =  2 m  a n d  t i m e  t a k e n - 5 +  3 =  8 s
2 5 k m  1

T i m e  r e qu i r e d  t o  c o v e r  a  d i s t a n c e  o f  8 m

The  t i m e  a t  w h i c h  s h e  r e a c h e s  h e r  h o m e - 5 06 p M 2 
×  8 =  32 S

r i

A
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Re m a i n in g d i s t a n c e  o f  th e  p i t  =  13 8 =  5 m  

36 k m h 1 T w o  c a r s B a n t i  c  a w r o a c h c a r  A  i n  oppo s i teIn  n e x t  5 s
,  

a s  h e  m o v e s  5 s t e p s  f o r w a r d
,  

h e  f a l l s  in t o  
d i r e c t io n s  w i th a  s peed o f  54 k m h > 

ea ch A t  a  ce r t a i n  in s tan t
t h e  p i t  

u t ì+e n  t l1e  d i s t a n c e  A B is  a t u a l  t o  A C
,  

bo t h be i n g 1 km B dec i

T o t a l  t i m e  t a k e n - 32 +  5 =  3 7 s t o  o u e r ta ke  A  befo r e  C do e s W h a t  m i n im u m  a c c e ler a t io n  o f  car

3 5 A  je t a iT pl a n e  t r a u e .l i n g a t  the  speed o f  50o km h l  B i s  r e qu i1, ed t o  a t To i d a n  a c c i e n t  ?

e le c t s  i ts  p r o du c t s  of  c o m bu s t io n  a t the  speed o f  15oo km ì1
1 A n s A t  t h e  i n s t a n t  w h e n  B d e c i d e s  t o  o v e r t a k e  A

,  the

r el a t in e t o  th e  je t  p la n e W ha t  i s  the speed o f the l a t t e l ,  w i t h s p e e d s  o t  th r e e  c a r  s  a r e

r espe c t  t o  a n  o bse r u e r  o n  the g r o u n d ? 
u A

- 36 k m h 1
.  36 ×  - +  10 m s

1

A n s H e r e  s p e e d  o f  je t  a i r p l a n e  
S

q - 500 ]a n h 1 
u B

- +  54 k m h 1
_ +  54 ×  

+8
- +  15 m s

1

Su pp o s e  th e  d i r e c t i o n  o f  m o t i o n  o f  th e  je t  p l a n e  i s  po s i t i v e

L e t  0 2 
b e  th e  s p e e d  o f  p r o d u c t s  W r t Th e  g r o u n d  

u c
- 54 km h 1

_ 15 m s
1

T h e n  th e  r e l a t i v e  v e l o c i ty  o f  p r o d u c t s  w r t Je t  p l a n e  i s  R e l a t i v e  v e l o c i ty  o f  C w r t A
,

0 2 q ° 1500 u c A
- u c

u A
- 15 10 . 25 m s

1

o r Æ 2
- q 1500 =  500 1500 = 1000 k m h 1

T i m e  th a t  C r e qu i r e s  t o  ju s t  c r o s s  A

N e g a t i v e  s ign  s h o w s  t h a t  t h e  d i r e c t i o n  o f  p r o d u c t s  o f  1 k m  1000 m

c o m b u s t i o n  i s  o p p o s i t e  t o  t h a t  o f  th e  je t  p l a n e
°  

25 m s
1

- 40 s

Sp e e d  o f  p r o d u c t s  o f  c o m b u s t i o n  w r t Gr o u n d  
u c A

 1000 kmh -  u
e -

4 km h-
 u

A -
6 km h-

 u
c - 4  km h.

1z b  Km n 1s  tTr o u gn t  t o  a  s t o p 1u i m 1n  a  a 1s t a n æ  o ï . u u  m
B 仁二二-  

w na t  i s  the  r e ta r da t io n  o f  t ì1e  c a r  (a s s u m ed u n ifo r m ),  a n d 11o 1u  
1ooo m  1ooo m

t o n g do es i t  t a ke  fo r  th e c a r  to  s t o p ?

A n s H e r e  u - 126 k m h 1
.  126 ×  

/
.  35 m s

1
,

18 F i g 3 8 5

u  ·  O
,  s  ·  200 m

l n  o r d e r  t o  a v o i d  t h e  a c c i d e n t
,  

B m u s t  o v e r t a k e  A  in  a
A s  .  2 a s  t i m e  l e s s  t h a n  40 s So

,  
f o r  c a r  B w e  h a v e

0? 352
_ 2a  x  200 R e l a t i v e  v e l o c i ty  o f  c a r  B w r t A

,

o r  a  =

35 ×  35
.

49
_ 3 06 m s

2 u
BA

- u B O
A

- 15 10 =  5 m s
1

2 ×  200 16
.  ·  1 】a n - 1000 m

,  
u .  5 m s

1
,  

t =  40 s
Re t a r d a t i o n  =  3 06 m s

2

Re qu i r e d  t i m e
,  

A s  s  =  u t  +  /  a t
2

u u  O 35 35 ×  16 80

a  49 / 16 49 7
" W  = -

1000 - 5 ×  4 0 +  a  x  (4 0) 
2

3 7 Tw o  t r a i n s A  a n d B o f  Ben gth 4oo m  e a ch a r e  m o u in g t  

o r  1000 =  200 +  80 0 a

h u o  pa r a l le l  t r a c ks  1u i th . " I f onn spe ed  o f  72X 1" K " .  =  1 m s
2

s a m e  d i r e c t io n
.  w i th A  a h ,  a d o f  B Th e  d r iu e r  o f  B de c ide s  to  

Th u s  1 m s
2 i s  t h e  m in i m u m  a c c e l e r a t i o n  th a t  c a r  B

o u e r t a ke  A  a n d a cc e l e r a t es by  1 m s
2 I Fa pe r  50 s

,  
the g u a r d o f  

r e qu i r e s  t o  a v o i d  a n  a c c i d e n t

B ju s t br u s hes  pa s t  t he  d r iu er  o f A
,  u ) h a t  w a s  th e o r i gi n a l  3 . 9 T w o  t o u m s  A  a n d B a r e  c o n n e c t e d by a  r egu l a r  bu

dis ta n c e  be t u t ee n  t l+e m  ? 
s e r +) ic e  1u i t l1 a  bu s  le a D i n g i n  e i the r  d i r e c t io n  e u e r y  T  m in Å

A n s L e t  x  b e  t h e  d i s t a n c e  b e t w e e n  t h e  d r i v e r  o f  t r a in  
m a n  cy c l in g w i th a  s pe ed o f  2o k m h ' i n  t i t e  di r e c t io n  A  to  ß

H  a n a  u l e  g u a r u  o r  t r a 1n " I m t i a u y ,
' " h  t r a in s ' " " " F

' " m s  th a t a  bu s  g o e s  pa s t  h ím  e u e r y  18 m i n  i n  t ì1e i ech o rt  oj
in  t h e  s a m e  d i r e c t i o n  w i th  th e  s a m e  s p e e d  o f  72 k m  h 1 Hi s  m o t io n

,  a n d e u e ?y  6 m in  i n  t i i e  叩  po s t te  d i r ec t io n Wtra t i5

So  r e l a t i v e  v e l o c i ty  o f  B w r t A  =  u . : the  pe r io d T  of  t he  bu s  s e r u ic e  a n d w i th t u ha t  speed (a ss u n t a

u - l  i l l a  r - ) U  S ,  U  =  U A n s L e t  Sp e e d  o f  e a c h  b u s  =  U  】c m h l

A s  s - u t  +  / a t  
2 

F o r  bu s e s  go i n g  Tr o m  to u m  A  t o  B

x  =  0 ×  50 +  å ×   ×  (50) 
2

.  1250 m
Re l a t i v e  s p e e d  o f  a  b u s  i n  th e  d i r e c t i o n  o f  m o t i o n  o f

th e  m a n   ·  (u 20) la n h 1

2
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Bu s e s  p ly in g i n  th i s  d i r e c t i o n  g o  p a s t  th e  c y c l i s t  a f t e r  (í i i ) W h e n  th e  M gh e s t  p o in t  i s  ch o s e n  as  th e  l o c a t i o n

ev e 1y  18 m i n Fo r  x - Oa n d t  =  Oa n d  v e r t ic a l ly  d o w n w a r d  d i r e c t i o n  t o b e

: D i s t a n c e  c o v e r e d  t h e  p o s i t i v e  d i r e c t i o n  o f  X a x i s

- (u 2o) 
18 

k m  
D u r i n g u pw a rd  m o t io n p o s i t i o n  i s  p o s i t i v e ,  v e lo c i ty  i s

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

Sin ce  a  b u s  le a v e s  t h e  t o w n  a f t e r  e v e r y  T  m i n
,  s o  th e  D u r i n g do w n zu a r d m o t i o n Po s i t i o n  i s  p o s i t i v e

,  
v e l o c i t y

abo v e  d i s t a n c e  c o v e r e d  i s  p o s i t i v e  a n d  a c c e l e r a t i o n  i s  p o s i t i v e

- u   x  .  
(iu ) F o r  u pu ì a r d m o t io n

60 u  = 29 4 m s
1

,  g - +  9 8 m s
2

,  u  =  O

(u 20) 
18

- u   ·  
1

(i ) 
l f  s  i s  t h e  h e i gh t  t o  w h i c h  th e  b a l l  D s e s

,  
th e n

60 60
.  

2
.  2 a s

Fo r  bu ses  go ín g j r o m  to 1u n  B t o  A  
o r  02

( 29 4 )
2

.  2 ×  9 8 ×  s

Re l a t i v e  s p e e d  o f  b u s  in  th e  d i r e c t i o n  o p p o s i t e  t o  th e (29 4 !
m o ti o n  o f  th e  m a n  

o r  S -

2 ×  9 8
- 44 1  m

- (u  +  20) k m h '

N e ga t i v e  s i gn  s h o w s  t h a t  th e  d i s t a n c e  i s  c o v e r e d  in
Bu s e s  go in g i n  t h i s  d i r e c t i o n  go  p a s t  t h e  c y c l i s t  a f t e r  

u p w a r d d i r e c t i o n

e v e r y  6 m in
,  

th e r e fo r e  

I f  t h e  b a l l  r e a c h e s  t h e  h i gh e s t  p o i n t  i n  t im e  t
,  

t h e n

m  201 á . .  á m  
U  ·  u  a t

o r  O = 29 4 +  9 8 t
D M d in g W b y  m ,  

w e  ga  
29 4

W 20 18
.  1

o r  
9 8

t = - 3 s

(u  +  20) 6 
A s  t im e  o f  a s c e n t  =  t i m e  o f  d e s c e n t

o r  3u 60 =  u  +  20 T o t a l t im e  t a k e n - 3 +  3 =  6 s

o r u  =  40 k m h '

3 11 R ea d e a c l+ s ta te m e n t  be lo 1u  c a r e fu l ly  a n d s ta te  1u i t t1
Fr o m  e qu a t i o n  Ei),  

6 4 0 × T  
r e a s o n s a n d ex a m ple s ,  

i f  í t  is  t r u e  o r  Ja ls e A  pa r t i c le  i n

(40 +  20) °  o n e d im e n s io n a l  m o t io n

60 60

60 ×  6 (a) t u i t h z e r o  spe ed a t  a n  i n s t a n t m a y  ha s e  n o n z er o

o r  T = . 9 m i n

40 
a c c e leï a t io n  a t  the  i n s t a n t

,

3 1o A p+a y e r  th r o w s  a  ba l t u pw a r ds  w i t h a n  i n i t i a t speed o f  (b) w i th z e r o  spe ed m a y ha s e n o n z e r o  u e l o c i t y ,

29 4 m s
1 (c ) w i th c o n s t a n t  s peed m u s t  ì+a u e  z e r o  a c c e le r a t io n ,

(i) W ha t  i s  th e di r e c t io n  o f a c c e le r a t io n  d+t r in g the  (d) t hposi t i ue t Ta+u e o í a c c e1e r a t i o n m u s t be speed in g w   

u pw a r d m o t i o n  o î the ba l t ? A n s

(íi) Wn a t  a r e  t i t e  u e lo c i ty  a n d a c c e le r a t io n  of  t i t e  ba l l  a t  (a ) T r u e W n e n  a  b o d y  b e g i n s  t o  f a l l  fr e e ly  u n d e r

the  h ighes t  po i n t  of  i t s  m o t io n  ? g r a v i ty ,  
i t s  s p e e d  i s  z e r o  b u t  i t  h a s  n o n z e r o

【i i i) c ho o s e  the x - o a n d t =  o t o  be th e 1o c a t i o n  a n d a c c e l e r a t i o n  o f  9 8 m s
2

t im e  of  t l+e  ba l l a t  i ts  ì1ig ì1e s t  po i n t
,  

u e r t i c a l ly  (b) F a l s e Sp e e d  i s  t h e  m a gn i t u d e  o f  v e l o c i ty  a n d

do w n w a rd d i r e c t io n  t o  be  t l1e  po s i t iu e  d i r e c t io n  of  t h e  m a gn i t u d e  o f  n o n z e r o  v e l o c i ty  c a n n o t  b e

X a x i s ,  a n d g i t t e t he s i gn s  o ï  po s i t i o n ,  
u e ï z e r o

a c c e le r a t io n  o f  the  ba l l  d u r in g í ts u p zu a r d
,  

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

do 1u n w a rd m o t io n  s p e e d  in  th e  s a m e  d i r e c t i o n ,  n e i t h e r  th e  ma g

Eu ) To  w ha t  】1e igh t  do e s  t i t e  ba l l  r is e  a n d ape r  11o 1o  lo n g h 1d e  n o r  t h e  d i r e c t i o n  o f  v e lo c i ty  c h a n g e s  a n d
do es  the  ba l l  r e t u r n  to  t i l e  p la y e r s  ì1a n ds  ? 

s o  a c c e l e r a t i o n  i s  z e r o I n  c a s e  a  p a r t i c l e

(Ta ke g - 9 8 m s
2

,  
a n d n egle c t  a i r  r e s is t a n c e ) r e b o u n d s  i n s t a n t ly  w i th  th e  s a m e  s p e e d

,  
i t s

So l u t i o n (i ) T he  b a l l  m o v e s  u n d e r  th e  e f f e c t  o f  a c c e l e r a t i o n  w i l l  b e  i n f i n i te  w h i c h  i s  ph y s i c a l ly
gr a v i ty Th e  d i r e c t i o n  o f  a c c e l e r a t i o n  d u e  t o  g r a v i ty  i s  n o t  p o s s ib le
a lw y s  u e r t ic a l ty  do w n zu a r ds  (d ) F a l s e I f  t h e  i n i t i a l  v e l o c i ty  o f  a  b o dy  i s  n e ga t i v e ,

(i1) A t  th e  h i gh e s t  p o in t
,  v e l o c i ty  o f  th e  b a l l =  o th e n  e v e n  i n  c a s e  o f  p o s i t i v e  a c c e le r a t io  山  山 e

a c c e l e r a t i o n - A c c e l e r a t i o n  d u e  t o  g r a v i ty
'

g
' b o d y  s p e e d s  d o w n A  b o d y  s p e e d s  u p  w h e n

- 9 8 m s
2  (v e r t i c a l l y  d o w n w a r d s ) t h e  a c c e l e r a t i o n  a c t s  i n  t h e  d i r e c t io n  o f  m o t i o n
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3 12 A  ba l l  is  d r opped Tr o m  a  he igh t  o F9o m  o n  a ßo o r A t  A ga i n  th e  s p e e d  o f  th e  b a l l  in c r e a s e s l in e a r ly  w i th
ea ch c o l l is io n  1u i th the ßo o r ,  

the  ba l l  l o ses  o n e te n th o f  i t s  s peed Tim e  t  f r o m  0 t o  37 8 m s
'

(i n i t i a l  s p e e d  o f  th e  p r e v io u s

p lo t  the  speed t i m e g r a ph o f  i ts  m o t io n  be t 1u een  t  =  0 to  12 s u p w a r d  m o t i o n ) i n  t h e  n e x t  t i m e i n te r v a l  o f  3 9 s T o ta l

a n s (i ) t im e  t a k e n  b y  th e  b a l l  t o  f a l l  t h r o u gh  a  h e i gh t  t i m e  t a k e n  f r o m  t h e  s t a r t  =  4 3 +  3 9 +  3 9 - 12 l  s t h is  pa r t

o f  90 m  i s  o b t a i n e d  a s  fo l l o w s  : 
o f  m o t i o n  h a s  b e e n  s h o w n  b y  s t r a igh t  l in e  CD

x  =  u  (o) t +  å g t  
2 H e r e ,  

w e  h a v e  a s s u m e d  a  n e g l i g ib l e  t i m e  o f c o l l is io n
b e t w e e n  t h e  b a l l  a n d  th e  f l o o r

90 = 0 + 3× 9 B t
2 

3 13 Ex pïa t?1 Cïei 1rl  u t i  h ex a m  t hed i s  i n c t io n  beh t ) e n

o r  t  = -  s  z 4 3 s  
(a ) m a gn it u de  o f disp/a c a n e n t  (so m e ti m es  c a l led di sta n ce)

o s e r  a n  i n t er n a l  o f  t i 1n e
,  

a r t d the to t a l  l en gth of pa th

N o w  
c o u e r e d by  a  pa r t ic l e  o D e r  t l1e  s a m e  i n  te r u a l

1) (t ) =  u  (o) +  

1 

g t  

3o 1 
(b) m a g n i t 1Bde  of  a u e r ag e  u e l o c í ty  o t t e r  a n  ín te r u a l of

u (4 3) =  0 +  9 8 ×  

T
- 42 m s  t in t e ,  

a n d the  a u e r ag e  s pe e d o D e r  t ì1e  s a m e  i n ter u a l

[A u e r a ge sp e ed oí  a  p a r t i c l e o l Je r  a n  i n t e r u a l  o5 t im eF r o m  t i m e  t  =  0 t o  t  =  4 3 s  
is  de fin ed a s  t he  t o ta t pa t t i  l e n g th di u ided by the

u  (t ) =  g t =  9 B t  o r  u  (t ) o c t  
t in r e  i n t e r 1] a l0

I n  th i s  d u r a t i o n  s p e e d i n c r e a s e s  l i n e a r ly  w i t h  t i m e  t  
(c ) Sì1o 1B]  i n  bo th (a ) a n d (b) th a t  t l ï e  s e c o n d tïu a n  t íty isf r o m  o t o  42 m s

' d u r in g th e  d o w n w a r d  m o t i o n  o f  th e  
e i t he r  g r e a te r  t ì1a i z o r  e qu a l  to  the ß r s t Wn en  is theb a l l  a n d  th i s  s p e e d t i m e  v a r i a t i o n  h a s  b e e n  s h o w n  by  
eqzt a l i t y s ig n  t r u e  ? i Fo r  s in zpl ic i ty ,  c o n s ider

s t r a i gh t  l in e  OA  in  F i g 3 86 
o n e d i m e n s io n a l  m o t io n  o T1ly1

So l u t i o n

, ,  Þ,' " .
" 5  

6 ' 6 8 0 11" " " b , " " .  

(a ) 
p o i n t  B a l o n g a  sught  p a th  a n d  t h e n  r et ur ns

c o ms i o n  b a c k  t o  t h e  p o i n t  A  a l o n g t h e  s a m e  p a th

/ :E 

+,  
s o  m a g n i t u d e  o f  d i s p l a c e m e n t  =  > 

o s i ti . .

5 1 ' 4ò s
=a 1

_ i  l z   s  (b) I n  t h e  a b o v e  e x a m p l e
,  

s u p p o s e  th e  b o dy t a ke s

" n  2 3 4  5 6 7 8 9 10 11 12 13 
t i m e  t  t o  c o m p l e te  t h e  w h o l e  j ourney The n

t  (s ) +  M a g n i tu d e  o f  a v e r a ge  v e l o c i ty

F i g 3 8 6  M a g n i t u d e  o f  d i s p l a c e m e n t
_

0
.  0

W  A t  Dr s t  c o M s i o n  w ü h  t h e  ü o o r
,  

s p e e d  l o s t  b y  b a u  
T h n e  t a k e n

1 2 A B
- 42 =  4 2 m s

1 A v e r a g e  s p e e d -

10 t

s p e e d  a t  a n y  i n s t a n t  t  i s  g i v e n  by  

o f  d i s p l a c e m e n t

?ì  (t ) =  u  (o) g t   ·  37 8 9 B × t  

I n  e x a m p l e  (b),  a v e r a ge  s p e e d >  m a gn i t u de  o f

N o w  t h e  s p e e d d e c r e a s e s  1i n e a r ly  w i t h  t i m e  a n d  

a v e r a ge  v e l o c i t y

b e c o m e s  z e r o  a f t e r  t i m e  
T h e  s i gn  o f  e q u a l i ty  w i l l  h o l d  w h e n  th e  b o dy m o v es

t  =  .  3 9 s  

a l o n g a  s t r a i gh t  l i n e  p a t h  i n  a  f i x e d  d i r e c t i o n

9 8 3 14 A  m a n  w a lks  o n  a  s t r a igh t  r o i l d o1n l1is  ho m e to l1

T h u s ,  
t h e  b a l l  r e a c h e s  t h e  h igh e s t  p o i n t  a g a i n  a f te r  

m a rke t  2 5 km  a 14t a y  u t i t h i 1 s pe ed of  5 k n 1 /1
1 F i n din g the

t i m e  t  =  4 3 +  3 9 - 8 2 s  f r o m  t h e  s t a r t s t r a i gh t  l i n e  BC m a r ke t  c l o s e d
,  

he  i n s ta n t ly  t u r n s  a n d zu a lks  ba c k t1o m e w i th a

r e p r e s e n t s  t h e  s p e e d t i m e  g r a p h  fo r  t h i s  u p w a r d  m o t i o n
s pe ed of  7 5 k m  h 1 W ha t  is  t he

(i i i) A t  M gh e s t  p o i n t
,  

s p e e d o f  b a l l  i s  z e r o I t  a g a in  (a ) m a g n i t u de  o f  a u e r a g e  u e l o c i ty ,  
a n d

s t a r t s  fa l l i n g A t  a n y  i n s t a n t  t
,  

i t s  s p e e d i s  g i v e n  b y  (b) a u e r ag e  spee d  of  t i l e  /?za n  o D e r  t i r e  i r+l e r u a l of  t ip t ¬

u  U 0 9 8 t  m o t o  3o n r h 1
,  m  o to  5o m n

,  m  o to  40 nDn
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A I l s C a s e  (i ) O t o  30 m i n  3 15 Th e  in s t a n ta n e o u s  spee d i s a tu )a y s  equ a l  t o  the

Sp e e d - 5 k m h 1 m ag n i t u de  of  in s t a n ta n eo u s  u e lo c i ty W t ry  ?

D is ta n c e  c o v e r e d in  30 m in  A n s I n s t a n t a n e o u s  s p e e d
,

- 5 km h 1
.  

30 
h  =  2 5 k m  u   ·  L i m

60 a t  4 0 M

D is p l a c e m e n t  c o v e r e d - 2 5 km  I n s t a n t a n e o u s  v e l o c i ty ,

(a ) A v e r a ge  v e lo c i ty

-

D i s p l a c e m e n t
.  

2 5 k m
.  5 k m h 1

.  L im

T i m e  30 / 60 h  Fo r  a n  a r b i t r a r y  s m a l l  in te r v a l  o f  t i m e  (A t ),  
th e

(b) A v e r a ge  s p e e d 
m a gn i tu d e  o f  d i s p l a c e m e n t  I a ji  I i s  e q u a l  t o  th e  le n g th  o f

D i s t a n c e  

t h e  p a th  A x So  in s t a n t a n e o u s  s p e e d i s  a l w a y s  e qu a l  t o  th e

-

r

2 5 k m
.  5 k m h 1 M a gn i t u d e  o f  in s t a n t a n e o u s  v e l o c i ty

T i m e  30 / 60 h  3 16 L o o k a t  t ì+e g r a p ì1s  (a ) t o  (d) 【F ig 3 8 7】 c a r efu tly
C a s e u i ) o t o 50 m i n  a n d s t a t e

,  w i th r e a s o n s
,  w hic h o í  the s e  c a n n o t  po s s ibly

D i s p l a c e m e n t  c o v e r e d i n  f i r s t  30 m i n  in  go i n g t o  
r ep r es e n t  o n e di m e n s io n a l  m o t io n  o f  a  pa r t ic te

I ' ' " i ' ' " i ^ ' " °

N e t  d i s p l a c e m e n t  =  2 5 2 5 =  0

T o t a l d i s t a n c e  c o v e r e d =  2 5 +  2 5 =  5 km

(a ) A v e r a ge  v e l o c i ty

N e t  d i s p la c e m e n t  0

T i m e  t a k e n  50 /  60 h

(b) A v e r a ge  s p e e d

T o t a l  d i s t a n c e  5 k m

T im e  t a k e n  50 / 60 h

(a )

'

-foth

c  d

Ca s e  u m 0 t o  40 n Dn  m 3 8 7
D i s p l a c e m e n t  c o v e r e d  i n  f i r s t  30 m i n  i n  go in g t o

m a r ke t .  2 5 km  A n s A l l th e  f o u r  g r a p h s  a r e  i m p o s s i b l e

to  

D i sp la c e m e n t  c o v e r e d i n  n e x t  1o m in  i n  c o m i n g b a c k i f  w e  d r a w  a  l i n e  p a r a l l e l  t o  t h e  p o s i u o n a x i s
.  

i tho m e  i n t e r s e c t s  t h e  x t  g r a ph  a t  t w o  p o i n t s T h i s

- 7 5 km h 1
.  

1O 
h - 1 25 k m  

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

N e t d i s p l a c e m e n t  =  2 5 1 25 - 1 25 km  p o s s ib l e

t o t a l d i s t a n c e  t r a v e l le d _ 2 5 +  1 25 =  3 75 km  (b) l f  w e  d r a w  a  l i n e  p a r a l l e l  t o  th e  v e l o c i ty a x i s
,  

i t

(a) A v e r a g e  v e l o c i t y  p a r t i c le  h a s  t w o  v e l o c i t i e s  (p o s i t i v e  a n d  n e

m e e t s  th e  c i r c l e  in  t w o  p o in t s T h i s  m e a n s  th e

.

N e t  d i s p l a c e m e n t  t i v e ) i n  o pp o s i t e  d i r e c t i o n s  a t  th e  s a m e  t i m e

T im e  t a k e n  
T h i s  i s  n o t  p o s s ib l e

-

1 25 km
.  1 875 k m h 1 (c ) Th e  g r a ph  i n d i c a t e s  t h a t  s p e e d i s  n e g a t i v e  i n

40 / 60 h  s o m e  t i m e  i n t e r v a l s Bu t  s p e e d  c a n n o t  b e

(b) A v e r a ge  s p e e d 
n e g a t i v e

T o t a l  d i s t a n c e  
(d) Th e  g r a p h  in d i c a t e s  t h a t  th e  t o t a l  p a th  le n g th

- - .  

3 75 k m
.  5 625 k m h 1 De c r e a s e s  a f t e r  a  c e r t a i n  t i m e B u t  t o t a l  p a th

T i m e  t a k e n  40 / 60 h  l e n g th  c a n  n e v e r  d e c r e a s e  w i t h  t im e
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3 L7 Fi g 3 88 sho w s  t he x t  p lo t  o f o n e d i m e n s io n a l  m o t i o n  3 19 Su gges t  a  s u i t a bl e  phy s i c a l  s i t u a t io n  fo r  ea ch oí tht

o f a  pa r t i c le I s  i t  c o r r e c t t o  s ay f r o m  t h e  gr a ph tha t  the pa r t i c l e 1o1l o t o in g 歹叩  h s [Fi g 3 89 ]

m o s es  i n  a  s t r a igh t  l i n e fo r  t  く O a n d o n  a  pa r a bo 1i c  pa th  fo r

t  >  O ? If n o t
,  

s u gges t  a  s u i t a bte  phy s ic a l  c o n tex t  fo r  t .t i s  g r a ph

P Q -
'

k o I J  a

t >

F i g 3 8 8

A n s N o .  
I t  i s  w r o n g t o  s a y  th a t  th e  p a r t i c l e  m o v e s  i n  a

s t r a i gh t  l i n e  f o r  t  <  O a n d  o n  a  p a r a b o l i c  p a t h  f o r  t  >  O
,

b e c a u s e  a  p o s i t i o n t i m e  (x t  ) g r a p h  d o e s  n o t  r e p r e s e n t  (b) (c )

t h e  t r a je c t o r y  o f  a  m o v i n g p a r t i c l e  
F i g 3 8 9

T h i s  g r a p h  c a n  r e p r e s e n t  t h e  m o t i o n  o f  a  f r e e l y  fa l l i n g 
A n s

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

(a ) A b a l l l i e s  a t r e s t  o n a  s m o o th f l o o r
,  

a s  n d ic a  e d by
Po s i t i o n  a s  x - O

,  
a t t  =  O 

s t r a i gh t  l in e  p Q o f  t h e  x t  g r a p h I t  i s  k i c ked
3 18 A  pol íce u a n  m o u ín g o n  a  h íg l11u a y  w i t ì1 a  s pee d o f  3o 

t o w a r d s  a  w a l l s l o p e  o f  l in e  QR g i v e s  spe e d o f
k m h '

Ji r e s  a  bu l le t  a t  a  th i ef s  c a r  spe e d i n g  a w a y i n  the s a m e  

k i c k i n g T h e  b a l l  r e b o u n d s  f r o m  th e  w a l l  w i th a

di r e c t io n  t u i th a  spe ed of  192 k m ì1
1 I í  the  m u z z le  s pe ed o f  the  

r e d u c e d  s p e e d  (g i v e n  b y  t h e  s l o p e  o f  l in e  Rg A t s
,

bu l le t  is  15 o m s
1

.  
u t i t i1 t u ha t  s pe e d do e s  t l+e  bu l le t  h i t  the  t l+ie f s  

t h e  s i gn  o f  p o s i t i o n  c o o r d i n a t e  c h a n ge s  s ign
,  

i t
c a r  ? 

i n d i c a t e s  t h a t  th e  b a l l  m o v e s  t o  t h e  o ppo s i te  w al l

So l u t i o n Sp e e d  o f  p o l i c e  v a n  
w h i c h  s t o p s  i t T h e  l i n e  T U i n d i c a t e s  th e  f in a l r e s t

u
p

- 3o km h 1
.  M s

'

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

'

1 t h e  g r o u n d a n d  g e t s  r e b o u n d e d  w i th  a  r e d u c e a

u b
- 150 m s  

s p e e d I t  go e s  o n  h i t t i n g th e  g r o u n d  a n d a f te r  e a ch

Spe e d  o f  t h e  p o l i c e  v a n  i s  s h a r e d  b y  t h e  b u l l e t  
h i t  i t s  s p e e d  d e c r e a s e s  u n i t  i t  b e c o m e s  z e r o  a n d the

R e l a t i v e  s p e e d  o f  b u l l e t  w r t Gr o u n d  b a l l  c o m e s  t o  r e s t  f i n a l ly

.  

(c ) 
o f  a  u n i fo r m l y  m o v i n g c r i c k e t  b a l l t u r n e d  b a c 7  o y

- 15o +  M t t i n g i t  w i t h  a  b a t  fo r  a  v e r y  s h o r t  t i m e  in te r v al

475 1 
3 2o F ig u r e  3 90 g iu e s  the x t  plo t o f  a  pa r t ic le ex ec u t in g

 m s
o n e a im en s i o n a l  s i m p0e ha r m o n i c  m o t io n E id e the s ig l s ol

po s i t i o n u e<o c i ty a n d a c c e l e r a t i o n  u a r i ab les  oí the pa r t icle at

Sp e e d o f  th i e f '

s  c a r
,  

t  =  0 3 s
.  

1 2 s
,

1 2 s

U
,

.  192 k m h 1
_

1 60 
m s

1

R e l a t i v e  s p e e d o f  bu l le t  w r t Th i e e s  c a r  
x ï

475 160

3 3 l
 1 05 ms -

.

H e n c e  th e  s p e e d o f  th e  b u l l e t  w i th  w h i c h  i t  h i t s  t h e

t hi e f s  c a r - 105 ms 1 F i g 3 9 0
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M s Th e  a c c e l e r a t io n  o f  a  p a r t i c l e  e x e c u ü n g S H M i s  c o n s t a n t  d i r e c t io n  of  m o t io n
,  g lu e  the  s ig n s  o f  u  a n d a  i n  the

Ro n  bv th r ee  in  t e r u a 1s (d ) W ha t  a r e  th e a c c el e r a t io n s  a t  th e po in t s  A
,  

B
,

8 ' "

a - (ù
2

x  C a n d D  ?

w he r e  (o  (a n g u l a r  f r e q u e n c y ) i s  a  c o n s t a n t

A t  ti n t e  t  = 0 3 s  D

A s  i s  obi ous f r o m  t h e  g r a p h
,  x  <  O

A s  s lo p e  o f  x t  g r a p h  i s  n e g a t i v e
,  

s o  u  <  O

A s  a - - m
2

x ,  
s o  a  > 0

A t  t i m e  t  = 1 2 s

A s  i s  o b v i o u s  f r o m  t h e  g r a p h
,  x  >  0 1 2 3 t >

A s  s l o pe  o f  x t  g r a p h  i s  p o s i t i v e
,

s o  u  >  O

A s  a - (o
2

x ,  
s o  a  < 0

F i g 3 9 2

A n s

A t  t i m e  t   ·  1 2 s
(a ) A s  th e  c h a n g e  i n  s p e e d  i s  g r e a t e s t  i n  i n t e r v a 1 2

,

A s  i s  o b v i o u s  f r o m  t h e  g r a p h
,  x  <  0 s o  m a g n i t u d e  o f  a v e r a g e  a c c e l e r a t i o n  i s

A s  s l o p e  o f  x t  g r a p h  i s  p o s i t i v e ,  
s o  +/  >  O g r e a t e s t  i n  i n t e r v a l  2

A s  a - ú,  
2

x .  
s o  a  >  O (b) O b v i o u s ly  f r o m  th e  g r a p h

.  
A v e r a g e  s p e e d  i s

g r e a t e s t  i n  i n t e r v a l  3

3 21 Fig u r e  3 9 1 g iu e s  t il e  x t  p l o t o f  a  p t+r t i c l e  i n  o n e

(c ) u i s  p o s i t i v e  i n  a l l  th r e e i n t e r v a l s A i s  p o s i t i v e i n

dim en s io n a t t t t o t io n TT1r e e  d iQe r e r z t  e qu a t i n t e r u a ts  o f  t i m e  a r e  
t h e  i n t e r v a l s  1 a n d  3 a s  s p e e d  i s  i n c r e a s i n g  i n

sho1u n I n  u t ì1ic l1 i n te r u a l  is  t l i e  a u e r ag e  s pe ed g r e i 1t e s t
,  

a n d in  
th e s e  in t e r v a l s B u t  a  i s  n e g a t i v e  i n  i n t e r v a 12  a s

1ohi ch is i t the  tea s t ? Glu e  t ì1e  s ig t 1 o f  a u e r a ge  u e l o c i ty j o r  ea c î+ 
s p e e d  i s  d e c r e a s i n g  in  th i s  i n t e r v a l

ín ter u a l 
(d) A t  t h e  p o i n t s  A

,  
B

,  
C a n d  D

,  
th e  t ] t  g r a p h  i s

p a r a l l e l  t o  t h e  t i m e a x i s  o r  h a s  a  z e r o  s l o p e ,  
s o

a  O a t  a l l  t h e s e  p o i n t s

t  

/  ! î \ 3 23 A  t ì1r e e u t he e te r  s t a r ts Tr o n t  r e s t
,  

a c c e l e r a te s  u n ifo r m ty

L u n ifo r m  u e to c i ty Pl o t  th e  d i s t a n c e  c o t Te r e  by  t h e u eh i c l e  du r i n g
< t he n t h s e c o n ä (n  =  1

,  
2

,  
3 ì ì Je r s u s  n w h a t do y o u  e x p e c t  t h is

p l o t  t o  be  d<t r in t g a c c e te r a t e t t m o t i o n  : (1 s t r a igh t  l in e  o r  a

pa r a bo ì a  7

A n s D i s t a n c e  t r a v e l l e d  i n  n th  s e c o n d
,

s
n  th

- 11 +  
2 

(2 n 1)

Fi g 3 9 1 A s  11 =  O
,  ¢1 =  1 m s

2

So l u t i o n Sl o p e  o f  x t  g r a p h  i n  a  s m a l l  t i m e  i n t e r v a l  s
n  th

- O +  à (2 n 1)

- A v e r a g e  s p e e d  i n  t h a t  i n t e r v a l 3(2 n 1) m

an d l e a s t  i n  i n t e r v a l l

Th e  e n d  o f  e a c h  s e c o n d  a r e  g i v e n  b y

A s  the  s l o p e  o f . ' "  p o s i t i v e  i n  i n t e r v a l s  1 a n d  2 a n d  n  (s ) 国旧 国  I  ·  I ,  国困国 m
n  e ga ti v e  in  in t e r v a l 3

.  
s o  a v e r a g e  v e l o c i t y  i s  p o s i t i v e  i n

.
. .  (m ) o 5 " . ' I= l . ' ' ' ' ' æ  Iin t e r v a l s  1 a n d 2 a n d  n e g a t i v e  i n  i n t e r v a l  3

N o w
,  v e l o c i ty  o f  t h e  th r e e w h e e l e r  a t  th e  e n d  o f  10 t h  s

m e  
i s  g i v e n  b y

I n  u 1zic lz i n t e r z tì l i s  t he  a u e r ag e  a c c e le r a t io n  u  =  u  +  a t  =  0 +  l ×  10 - 10 m s
1

g r ea tes t  i n  Tn a g n i t t1de  ? (b) 0n  1o h íc h i n t e r u a l  i s  t he  a u e r a ge  U p t o  n  =  10 s ,  
t h e  m o t i o n  i s  a c c e l e r a t e d  a n d  t h e  g r a p h

speed g r ea tes t  ? (c ) c ho o s i n g t l+e  po s i t iu e  d i r e c t io n  a s the  b e t w e e n  s
n t h  a n d  n  i s  a  s t r a i g h t  l i n e  A B i n c l i n e d  t o

a
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t i m e a x i s  a s  s h o w n  i n  F ig 3 93 A f t e r  10 th  s e c o n d
,  

t h e

th r e e w h e e l e r  m o v e s  w i th  u n i fo r m  v e l o c i ty  o f  1o m s
1

,  
s o

g r a ph i s  s t r a i gh t  l in e  BC p a r a l l e l to  t i m e a x i s

the

0 1 2 3 4 5 6 7 8 9 10 n  12 13
n  (s ) D i s t a n c e  t o  b e  c o v e r e d - 50 m

50
F i g 3 9 3  

2 5
T i m e  t a k e n - .  2 0 s

3 24 A  bo y  s ta 1t d i t1g o 1z a  s ta t io n a r y  l ift (o pe n  Tr o m  a bo D e) I f  t h e  m o t i o n  i s  v i e w e d  b y  o n e  o f  t h e  p a r e n t s
,  a n s w e r s

th r o 1u s  a  ba l l  u pu t a r ds  w i th b ï e  1n a x i n +u n z i n i t ia l  spee d /1e  c a n
,  t o  (i) a n d (i i ) a r e  a l t e r e d  b u t  a n s w e r  t o  (ii i ) r e m a in s

equ a t t o  49 m s
1

(i) H o w  1n u c ì1 t im e  do es  {ì1e  ba l l  t a ke  to  r e t 1t r r ï  
u n c h a n ge d

o f 5 m s
1

,  
a n d t he bo y a gtt ir 1 thì"  t u s  the bn ìh tp t u i t11 the  m a x i m m n  

e d ge o í  a  c l ijï  2 oo m  h i gh u t i t h i n i t i a t s peeds  o ï 15 m s
1 

a n d
spe e d he c t1n ha rm  t o n g do e s  t he ba lB t ak e t o r e t u r n  t o his  ha n ds  ? 

3o m s
1 v e r ifv th a t  t he fo l lo w i n g g r a pì t  c o r r e c tBy r epr es en ts

人 n s (i) W e n  t he l ift  i s  s t a t io n a r y : O t  u pw a r  d  m o t i o n  t h e t im e t l a r i a t i o n  o ï  t i t e r e l a t i u e  po s i t io n  o í the  s e c o T1d s to n e
o f  t h e  b a l l

,  w e  h a v e  
1u i t ì1 r e s p e c t  t o  t ì ï e ß r s t N eg le c t  a i r  r esi st ance a n t i  a s s u m e  tha t

u  =  49 m s
1

,  g - 9 8 m s
2

,  t l  0 t  =  ? the  s t o n es  tBo  n o t  r e bo u n d a pe r  /1i t t i t 1g the  g r o u n d Ta ke

A s  u  =  u  +  a t  g - 1o 1n s
2 E id e  the  equ a t io n s j o r  the  l i n e a r  a n d c u r ved pa r ts

0 =  49 9 8 t  o r  t  =  
¥

.  5 s
o f  the  p lo t

9 8

A s  t im e  o f  a s c e n t - t i m e  o f  d e s c e n t

T o t a l  t i m e  t a k e n  =  5 +  5 10 s

Eil  W he n  th e l ift  m o s e s  u p w i th u n iJo r m  s pe e d T h e
u n i f o r m  s p e e d o f  t h e  l i f t  d o e s  n o t  c h a n g e  t h e  r e l a t i v e
v e l o c i ty  o f  th e  b a l l  w r t Th e  b o y  i e I t  s t i l l  r e m a i n s  49 m s

1

H e n c e  t o t a l t i m e  a f te r  w h i c h  th e  b a l l  r et ur ns =  10 s  > '

4o3 2 5 0 / 1 a  lo n g /1o r iz o n ta l ly  1n o u in g be l t a  c ì1i ld r 1i n s  to
a n d f r o  = ] i t h a  s pe ed 9 k m h '

(t u i th r e s pe c t  t o  the be l t) be tw e e n
hi s  Ja t he r  a n d m o the r  l o c a t e d 50 ' t o n  th e  m o ì t t ï 1g bel t 0 B C
T he  be t t  m o s e s  w i t h a  s pe e d oï  4 k m ìi Fo r  a n  o bs e r n e r  o n  a

0 2 4  6  8 10

s t a t i o n a r y p l a tfo r m  o u t s i de ,  w ha t i s  the  t  (s ) >

(i) spe e d o ï t he c hi l d n / n n in g i n  the d ir e c t i o n  o f  n t o t io n

o í  t l i e  be l t
,  

F i g 3 9 5

t71o t io n  o f  the  be t t
,  

a n d 
A n s x  (t ) =  x  (0 ) +  u  (0 ) t  +  : g t  

2

QØ Hm e  ta ke n  by  the  e hud i n  m a n d W  H w e  t a k e  o r w n  f o r  p o s M o n  m e a s u r e m e n t  o n  the

Vhi ch o f  tì1e  a n s zu e r s  a l t e r  t f  m o t io n  is  u íe w ed by  o n e  of  the  g r o u n d
,  

t h e n  t h e  p o s i t i o n s  o f  t h e  t w o  s t o n e s  a t  a n y  in s ta n t

pa r e n ts  t  w M  b e

A n s (i) Sp e e d  o f  th e  c h i l d r u n n i n g i n  t h e  d i r e c t i o n  o f  x
l

- 200 +  15 t .  10 t
2 (1)

m o t i o n  o f  th e  b e l t  2

- (9 +  4) km h I
.  13 k m h 1 x

2
- 200 +  30 t /  × 10 t

2 (2)
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Wn e n  th e  f i r s t  s t o n e  h i t s  th e  g r o u n d
,  s i m i l a r ly ,  a c c e le r a t io n  o f  th e  p a r t i c l e  d u r i n g  j ourney

X 1
- 0 A B i s  g i v e n  by

o r  
200 +  15 t 5 t

2
.  0 U  ·  u + a t o r  0 - 12 + a × 5

o r  
5 t

2 15 t 200 =  0 0 r  a  = 2 4 m s
2

t
2 3 t  +  40 =  0 V e l o c i ty  o f  t h e  p a r t i c l e  a f t e r  2 s  f r o m  s t a r t  w i l l  b e

o r

- 3 1  13 u   ·  u +  a t  = 0 +  2 4 × 2 = 4 8 m s
1

t =

-

2
_

2
- 8 s  o r 5 s D i s t a n c e  c o v e r e d  b y  t h e  p a r t i c l e  b e t w e e n  t  =  2 t o  5 s

A s  t i m e  c a n n o t  b e  n e g a t i v e
,  s o  t  =  8 s  

(in  3 s ) i s  g i v e n  b y

i e Th e  f i r s t  s t o n e  h i t s  th e  g r o u n d a f t e r  8 s

- u t  +   a t  
2

Fr o m  (1) a n d (2),  
th e  r e l a t i v e  p o s i t i o n  o f  s e c o n d s t o n e   

·  4 8 ×  3 +  / × 2 4 ×  32
.  25 2 m

zu r t f i r s t  i s  g i v e n  b y  D i s t a n c e  c o v e r e d  b y  th e  p a r t i c l e  i n  t  =  5 t o  6 s  (in  1 s ) i s

x 2 x
l

- 15 t  g i v e n  b y

A s  th e r e  i s  a  l i n e a r  r e l a t i o n s h i p b e t w e e n  x
2 x

l  
a n d t

,  

5
2 2

 1 t t  + < at 2

o n ly th e  s e c o n d s t o n e  i s  i n  m o t i o n So  t h e  g r a p h  i s  

12 ×  1 +  /   ·  ( 2 4 ) × 12
_ 10 8 m

pa r a bo l i c  (A B) i n  a c c o r d a n c e  w i t h  qu a d r a t i c  e q u a t i o n
,  

T o t a l  d i s t a n c e  t r a v e l le d i n  t  =  2 t o  6 s
,

x
2

.  200 +  30 t 5t  
2 s  =  +  5

2  
·  25 2 +  10 8 =  36 m

Th e  s e c o n d s to n e  w i l l  h i t  th e  g r o u n d
,  

w h e n  x
2

- 0 A v e r a ge  s p e e d  i n  t h e  i n t e r v a l t =  2 t o  6 s

o r 200 +  30t 5 t
2

.  0 T o t a l d i s t a n c e  c o v e r e d
.  

36
_ 9 m s

1

O n  s o l v in g ,  
t  =  10 s  

T o t a l  t i m e  t a k e n  4

A f te r  t  =  10 s
,  

t h e  s e p a r a t i o n  b e t w e e n  th e  b a l l s  i s  z e r o
,  

3 2 8 Ti re  t t e l o c i ty t i m e g r a pì1 of pa r t ic te  i n  o n e d im e 1t s io n a l

w h i ch e x p l a i n s  th e  p a r t  BC o f  t h e  g r a p h M o t io n  is  s ho w n  i n  F ig 3 97

3 27 T he spe e d t im e gr a ph oí  日 pa r t i c l e w o o i n g a to n g a

Þx ed dir ec t io n  is  sho w ì t  in  Fi g 3 96 0 bta in  the di s ta n c e t r a i t ecBe t l

by the pa r t i c le be tw e en  (i ) t  =  0 t o  10 s  (i i ) t  =  2  t o  6 s W n a t i s

a u er a ge spe ed 可 ti t e pa r t i c l e i n  i n t er u a l s i n  ( i ) a n d (i i ) ?

B 

F i g 3 9 7 1 2

W h ich oí  the fo t lo w in g Jo r ï n u ìa e a r e c o r r e c t  fo r  a e s cr ibi n g
the m o t i o n  o f th e pa r  t i c l e o s e r  th e t i m e i n t e r n a t t

,  
t o  t

.

o 5 1o (b) t kt  2 ) =  u (t  
1 ) + a (t 

2
t  

1 )

t F a
.  

H t 
2 ut  1 n H t  

2 
t

l

A n s (i) D i s t a n c e  t r a v e l le d  by  t h e  p a r t i c l e  b e t w e e n  

W × (t  
2 ) x  (t  

1 ) =  a r ea  1t n de r  the

'

, t c u r u e  bo u n dedt .  O to  10 s  i s  g i v e n  b y  
by t i t e t a x is  a n d the  t l o t te d 1i11e s ì1o w n

s  =  A r e a  o f  A  O A B =  /  O B ×  A C 
A n s (a ) I t i s  n o t  c o r r e c t b e c a u s e  i n  t h e  t i m e  i n t e r v a l

 /  × 10 × 12 = 6 0  m b e t we e n  t l
 a

n d  t2
  · a  i s no t  co n s t an t .

A v e r a ge  s p e e d  (b) T h i s  r e l a t i o n  i s  a l s o  n o t  c o r r e c t  f o r  th e  s a m e

.  

T o t a l  d i s t a n c e  c o v e r e d
.  

g
.  6 m s

1 Re a s o n  a s  i n  (a )

T o t a l  t i m e  t a k e n  10 (c ) T h i s  r e l a t i o n  i s  c o r r e c t

(i i) A c c e l e r a t i o n  o f  th e  p a r t i c l e  d u r i n g j ourney OA  i s  (d ) T h i s  r e l a t i o n  i s  a l s o  c o r r e c t

gi v e n  by  (e )  T h i s  r e l a t i o n  i s  n o t  c o r r e c t  b e c a u s e  a v e r a g e

u  =  u  +  a t  o r  12 =  0 +  a  x  5 a c c e l e r a t i o n  c a n n o t  b e  u s e d i n  th i s  r e l a t i o n

O r
a  =  +  2 4 m s

2 (ñ T h i s  r e l a t i o n  i s  c o r r e c t
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T¥p íe  Ä : 
'v e iry  Shør  Ar üsï el r  Q1est k®ns 1 Ë !

1 A r e  r e s t  a n d  m o t i o n  a b s o l u t e  o r  r e l a t i v e  t e r m s  ? 19 I f  t h e  i n s t a n t a n e o u s  v e l o c i ty  o f  a  p a r t i c le  is  z e r o
,

2 C a n  a n  o b je c t  b e  a t  r e s t  a s  w e l l  a s  i n  m o t i o n  a t  th e  
w i l l  i t s  i n s t a n t a n e o u s  a c c e l e r a t i o n  be  n  e  c  e  s s a r i ly

s a m e  t i m e  ? 
z e r o  ?

20 A  w o m a n  s t a n d i n g o n  th e  e d g e  o f  a  c l i f f  th r o w s

w h i c h  i t  h a s  b e e n  f i x e d  ? 
t h r o w s  a n o t h e r  b a l l  s t r a i gh t  d o w n  w i t h a  s pe e d

4 u n d e r  w h a t  c o n d i t i o n  c a n  a n  o bje c t  in  m o t i o n  b e  
o f  8 km h ' f r o m  t h e  s a m e  p o s i t i o n W h a t  i s the

c o n s i d e r e d  a  p o i n t  o b je c t  ? 
r a t i o  o f  t h e  s p e e d s  w i th  w h i c h t h e  b a l l s  h i t the

5 G i v e  a n  e x a m p l e  o f  a  ph y s i c a l  p h e n o m e n o n  i n  g r o u n d  ?

w h i c h  e a r t h  c a n n o t  b e  r e ga r d e d  a s  a  p o i n t  m a s s  
21 A  b o d y  t r a v e l s ,  

w i t h  u n i fo r m  a c c e le r a t i o n  fo r

6 U n d e r  w h a t  c o n d i t i o n  w i l l  th e  d i s t a n c e  a n d t i m e  t l  
a n d  w i th  u n i fo r m  a c c e l e r a t i o n  a

2 
fo r  t i m e  t

2
d i s p l a c e m e n t  o f  m o v i n g o b je c t  h a v e  th e  s a m e  w n a t  i s  t h e  a v e r a g e  a c c e le r a t i o n  ?

m a gn i t u d e  ? [C h a n d i g a r h  o 8] 
22 w h a t  i s  t h e  n a t u r e  o f  p o s i t i o n t i m e  g r a ph fo r  a

7 A  b u l l e t  f i r e d  v e r t i c a l ly  u p w a r d s  f a l l s  a t  t h e  s a m e  u n i fo r m  m o t i o n  ? [Ch a n di ga r h o31

p l a c e  a f t e r  s o m e  t i m e W Ha t  i s  t h e  d i s p l a c e m e n t  o f  
23 w h a t  d o e s  t h e  s l o p e  o f  p o s i t i o n t i m e  gr a ph

t h e  b u l le t  ? 
i n d i c a t e  ? [H i m a cha l  07】

8 A  p a r t i c l e  i s  m o v in g a l o n g a  c i r c u l a r  t r a c k  o f  r a d i u s '
2 4 w Ha t  i s  th e  n a t u r e  o f  v e l o c i ty t i m e  g r a ph fo r

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

r e v o l u t i o n  ? W h a t  i s  i t s  d i s p l a c e m e n t  ? 
2 5 I f  th e  d i s p l a c e m e n t t i m e  g r a ph  f o r  a  p a r t i c le  i s
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31 I s  t h e  fo r m u l a  s = u t l a t

2 
c o r r e c t

,  
w he n  the
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Po s i t i o n
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