
in  w h ic h  it is  a  n u is a n c e .

5 1 1 D e s c rib e  tw o  e x a m p le s  o f re s o n a n c e
,  

o n e  in  w h ic h  th is  p h e n o m e n o n  is  u s e fu l a n d  th e  o th e r

fe a tu re s  o f y o u r g ra p h s .

v a rie s  w ith  d riv in g  fre q u e n c y  fo r v e ry  lig h t , m o d e ra te  a n d  h e a v y  d a m p in g .  E x p la in  th e

S k e tc h  a  s e t o f g ra p h s , t is in g  th e  s a m e  a x e s
, to  s h o w  h o w  th e  a m p litu d e  o f  fo rc e d  o s c illa tio n5 1 0

5 9  W h a t d o  y o u  u n d e rs ta n d  b y  fo rc e d  o s c illa tio n s  a n d  re s o n a n c e ?

s u s p e n s io n  s y s te m  im p o rta n t?

5 8  G iv e  o n e  p ra c tic a l e x a m p le  o f a  lig h tly  d a m p e d  o s c illa tio n .  W h y  is  c ritic a ı d a m p in g  in  a  c a r

th e  v ib ra tio n  its e ıf?

fń c tio n ıe s s  s u rfa c e .  W h a t is  th e  fre q u e n c y  o f th e  e n e rg y  v a ria tio n  a s  c o m p a re d  w ith  th a t o f

h a rm o n ic  m o tio n  o f a  m a s s  a tta c h e d  to  a  h o riz o n ta ı s p rin g .  A s s u m e  th e  m a s s  is  m o v in g  o n  a

D e s c rib e  th e  v a ria tio n  in  b e tw e e n  k in e tic  a n d  p o te n tia l e n e rg y  w ith  tim e  d u rin g  s im p ıe

d is p ıa c e m e n t .

D ra w  g ra p h s  to  s h o w  h o w  th e  v e lo c ity  a n d  a c c e le ra tio n  o f th e  o s c iıla to r in  5 4  v a ry  w ith

tim e  o f th e  o s c iııa to r in  5 4 .

D ra w  g ra p h s  to  s h o w  th e  c h a n g e s  in  d is p la c e m e n t , v e lo c ity  a n d  a c c e le ra tio n  w ith  re s p e c t to

e q u ilib riu m  p o s itio n .  H o w  d o  y o u  e x p re s s  its  v e ıo c ity  a n d  a c c e ıe ra tio n  In  te rm e  o f tim e ?

W rite  d o w n  a  s o lu tio n  fo r a  s im p le  h a rm o n ic  o s c illa to r w h ic h  s ta rt8  łta  m o tio n  fro m  th e

u e fin e  s p i e  h a r m o n  m o t j o n .  S la te  th e  d e fin in g  e q u a llo n  o f s im p ıe  h a rm o n ic  m o tio n ,

E x p re s s  th e  p e rio d  T  ın  te rm s  o f fre q u e n c y  f  a n d  a n g u la r fre q u e n c y  a ) .

a n g u ıa r fre q u e n c y  o f a  s lm p ıe  h a rm o n ic  m o tio n ?

W rıa t d o  y o u  u n d e rs ta n d  b y  th e  te rm s  d is p la c e m e n t , a m p ıilu d e , p e rio d , fre q u e n c y  a rx l

m «  C h e c k  Q u e s tıo n e  =  ı - ĘĦS a$
W

.  » = W  =

TTT u ttt 

,

'+++,
"
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J 8 2/I u 9

E  4 0 0  ra d
z a

2 -
Z

D  10 0  ra d  
'

a

J 9 0 /ı/1 1 ; N 9 5/ı/9

a n y  o f 1 , 
2 , 3 , 4  a n d  5

e ith e r 2  o r 4

' '

' P
.  W

B  e ith e r 1 o r 5  D

A  3  C

n u m b e r o f h its ?

fix e d  a im  in  o rd e r to  s c o re  th e  g  re a te s t

A t w h ic h  re g  io n  s h o u ld  th e  p la y e r ta k e  a

m o tio n .

fro m  s id e  to  s id e  w ith  s im p le  h a rm o n ic

g u n  in  a  fix e d  d ire c tio n , a n d  th e  ta rg e t m o v e s

ra n d o m  tim e s .  T h e  p ıa y e r h a s  to  p o in t th e

a  m o v in g  ta rg e t .  T h e  g u n  fire s  b y  its e ıf a t

In  a  fa irg ro u n d  s h o o tin g  g a m e , a  g u n  fire s  a tS P 3

J8 5 /0 8  ; J 9 2 /ılg

E  to ta l e n e rg y  a m p litu d e  a n g u ıa r  fre q u e n c y

D  fo rc e  to ta l e n e rg y  a m p litu d e

C  a n g u ıa r fre q u e n c y  a c c e le ra tio n  fo rc e

B  a m p litu d e  a n g u la r fre q u e n c y  a c c e le ra tio n

A  a c c e le ra tio n  fo rc e  to ta ı e n e rg y

u n d a m p e d  s im p ıe  h a rm o n ic  m o tio n ?

ın  w h ic h  o f th e  fo ııo w ın g  lis ts  a re  a ıl th re e  q u a n titie s  c o n s ta n t w h e n  a  p a rtic ıe  m o v e s  inS P 2

C  4 .  0  ra d
a 

5
4

B  1 .  0  ra d
a 

B  
Q

A  0 .  2 5 ra d
a 

ı
a

(N o te  : v e ıo c ity   
·  Ŕi , a c c e ıe ra tio n - * )

p o s itio n .  W h a t is  th e  c o n s ta n t a ,
'
7  

X

is  th e  d is p la c e m e n t fro m  th e  Ħ u ilib riu m

'

A  
¢ w   ·  ' " " " " " " "

h
-

s u b s e q u e n t m o ıio n  is  * . -

1 u

2

x ,  w h e re  x

a n d  is  th e n  re le a s e d .  T h e  e q u a tio n  o f th e  
D  Q

(0 .  0 5 m ) to w a rd s  Q  b y  a  fo rc e  o f 1 0  N

T h e  tro lle y  is  d ie p la c e d  a  s m a ıl d ia ta n c e

s p rin g s  u n d e r te n s io n  a s  s h o w n  In  th e  fig u re  b e lo w .

A  tro lle y  o f m a s s  2  k g  w ith  fre e -

r u n n in g  w h e e ls  ıı a \ıa c h e d  to  tw o  rıx e d  p o in ıı P  a n d  Q  b y  ıw oS P 1

eıfpractıceQueationaııi
' ' '

,  a w ' " 4 » . .  M m  ¡M & « m w l a M ıa a = « M = H + f l !
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a c c e le ra tio n  in  o p p o s ite  d ire c tio n s ?

A t w h ic h  p o in t a re  th e  v e lo c ity  a n d

p e rfo rm in g  s im p ıe  h a rm o n ic  m o tio n .

d is p la c e m e n t a g a in s t tim e  fo r a  b o d y

S P 4  T h e  d ia g ra m  s h o w s  th e  g ra p h  o f

3

J 2 0 0 0 /1/9

C

4

T h e  s p e e d  is  a  m a x im u m  a t t -

ï  
·

D  T

T h e  re s to rin g  fo rc e  o n  th e  m a s s  in c re a s e s  b e tw e e n  t - o  a n d  t  =  

T

T h e  k in e tic  e n e rg y  is  a  m a x im u m  a t t -

i  
·

B  T

A  T h e  a m p litu d e  o f th e  o s c illa tio n  is  7 0  c m .

Į  â

W h a t c a n  b e  d e d u c e d  fro m  th is  g ra p h ?

=  c e ilin g  v a rie s  w ith  tim e  t.

g ra p h  s h o w s  h o w  its  d is ta n c e  fro m  th e月国虹

s im p le  h a rm o n ic  m o tio n  o f p e rio d  T .  T h e

T h e  m a s s  th e n  o s c illa te s  v e rtic a lly  w ith

fro m  a  c e ilin g  is  p u lle d  d o w n  a n d  re le a s e d .

S P 6  A  m a s s  h a n g in g  fro m  a  s p rin g  s u s p e n d e d

N 9 2 /u 9

.

' " y  -

m
-

fk

D

一

1 2  V S

e n e r g y  

l .  

k

X a
'" ' " '" ' " ' " ' " w ' " ' "  ' "  ' " ' " e ' "  g r a .  N d  p o ıe M a l

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

R A F F L E S  ıN S T ıT U T ıO N



4

p u lle d  d o w n w a rd s  a n d  re le a s e d , s u c h  th a t it o s c illa te s  v e rtic a lly .

S P 9  D is c u s s  th e  e n e rg y  c h a n g e s  w h ic h  ta k e  p la c e  w h e n  a  m a s s  s u s p e n d e d  fro m  a  s p rin g  is

W rite  a n  e q u a tio n  to  d e s c rib e  h o w  th e  d is p la c e m e n t o f Q  v a rie s  w ith  tim e .

D ra w , u s in g  th e  s a m e  a x e s , th e  d is p la c e m e n t- tim e  g ra p h s  fo r m o tio n s  o f P  a n d  Q ,

th e  m o tio n  o f Q  la g s  th a t o f P  b y  ?c/2  ra d  a n d  th e  a m p litu d e  o f Q  is  tw ic e  th a t o f P .

A n o th e r p a rtic le  Q  a ls o  m o v e s  w ith  s im p le  h a rm o n ic  m o tio n  o f th e  s a m e  * e q u e n c y .  H o w e v e r ,

(e ) W h a t is  th e  m a x im u m  a c c e le ra tio n  o f th e  p a rtic le  d u rin g  lts  m o tio n ?

th e  e x tre m e  e n d  o f th e  s w in g ?

(d ) W h a t is  th e  v e lo c ity  o f th e  p a rtic le  a s  it p a s s e s  th ro u g h  its  e q u ilib riu m  p o s itio n , 
a n d  a t

(c ) H o w  lo n g  d o e s  it ta k e  fo r th e  p a rtic le  to  c o m p le te  o n e  o s c illa tio n ?

(b ) W n a t is  th e  * e q u e n c y  o f th e  m o tio n ?

(a ) W h a t is  th e  a m p litu d e  o f th e  m o tio n ?

w h e re  x  is  in  m e tre s  a n d  t in  s e c o n d s .

x - (0 .  0 5 ) s in  8 n t

b y th e  e x p re s s io n

S p 8  T h e  d is p la c e m e n t o f a  p a rtic le  P  w h ic h  m o v e s  w ith  s im p le  h a rm o n ic  m o tio n  c a n  b e  d e s c rib e d

J 8 6 /0 8  ; N 9 3 lu7  : J 9 9 /ı/9  
0  

c  
f O  

D

A  

C 

A  

O  
į

户

ロ
ハ

。

d is p ıa c e m e n ts  x .

v a ria tio n  w ith  tim e  t o f th e ir

s a m e  in tia l d is p ıa c e m e n t a n d  a re  th e n  

: 八

"
T w o  o b je c ts  P  a n d  Q  a re  g iv e n  th eS P 7
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łu m ta b lo

s c re e n

W t

s p e e d  (ı) a s  s h o w n  in  t h e  f ig u r e .  

P
a r a E c l

r , r o ta tin g  w ith  a  c o n s ta n t a n g u la r

o f a  h o riz o n ta l tu rn ta b ıe  o f ra d iu s

A  v e rtic a l p e g  is  fix e d  to  th e  rim

D 4  
[N 9 6 n m ]

s u c H  th a t th e  c u p  d o e s  n o t s lip .

(d ) If th e  a m p litu d e  o f th e  m o tio n  is  0 .  0 5 0  m , c a lc u la te  th e  m a x im u m  p o s s ib le  fre q u e n c y

b e  o b s e rv e d  to  s lip  if th e  fre q u e n c y  o f o s c illa tio n  in c re a s e s  b e y o n d  a  c e rta in  v a lu e .

G iv e n  th a t th e  m a x im u m  v a lu e  o f F  is  h a lf th e  w e ig h t o f th e  c u p , e x p la in  w h y  th e  c u p  w ill

m o tio n , a n d  th e  d is p la c e m e n t x  o f th e  tra y .

(b ) W ńte  a n  e q u a tio n  fo r F  in  te rm s  o f th e  m a s s  m  o f th e  c u p , t h e  a n g u la r * e q u e n c y  m  o f th e

(a ) D ra w  th e  fric tio n a l fo rc e  F  a c tin g  o n  th e  c u p  fo r th e  in s ta n t o f tim e  s h o w n .

X -
O

by  th e  a  rro w  s h o w n  in  th e  fig  u  re  b e lo w
_ _ _ _ _ _ I- -  

· 

_ _ _ _ _ _

W  re q u ilib ń u m  p o s itio n  (x
- O ) a s  in d ic a te d

th e  tra y  is  d is p la c e d  to  th e  rig h t o f th e  T ra
Y

h a rm o n ic  m o tio n .  A t o n e  in s ta n t o f tim e
,

h o riz o n ta lıy  b a c k  a n d  fo rth  in  s im p le  C u p

D Į A  tra y ,  h o ld in g  a n  e m p ty  c u p ,  is  m o v e d

O  tim e

b e fo re  e n te rin g ?

tid e .  H o w  lo n g  w ill th e  b o a t h a v e  to  w a it

w a te r o f 1 .  5  m , a p p ro a c h e s  th e  h a rb o u r a t lo w  b w  t ld e

A  b o a t w h ic h  re q u ire s  a  m in im u m  d e p th  o f

h o u rs .

tim e  b e tw e e n  s u c c e s s iv e  lo w  tid e s  is  1 2

'

\, I1 .  0  m  a t lo w  tid e  a n d  3 .  0  m  a t h ig h  tid e .  T h e

s im p le  h a rm o n ic .  T h e  d e p th  v a rie s  b e tw e e n

, . ..  R is e  a n d  f a ll o f  w a t e  r  in  a  h  a  r b o u  r  is  
T  1

- - - - - - - - - - - -
. "

h h  tlo e
D 2  0 9 1 /u 9 ]

Pĺ acłic : 4 ņ n   
· 

ı e x łm d  fin o m  u r t p  {  

ı

(e ) th e  m a g n itu d e  o f th e  m a x im u m  a c c e ıe ra tio n  o f th e  m a s s

(d ) th e  m a g n itu d e  o f v e lo c ity  w h e n  th e  m a s s  is  0 .  0 5 0  m  fro m  e q u ilib riu m

«c ) th e  m a x im u m  v e lo c ity

(b ) th e  a m p litu d e  o f th e  o s c illa tio n

«a ) th e  s p rin g  c o n s ta n t

p u lle d  d o w n  0 .  10 0  m  b e lo w  th is  e q u ilib riu m  p o in t a n d  re le a s e d .  D e te rm in e

D 1 A  lig h t s p rin g  s tre tc h e s  0 .  1 5 0  m  w h e n  a  0 .  3 0 0  k g  m a s s  is  h u n g  fro m  its  ıo w e r e n d .  T h e  m a s s  is
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F ig .  1 c la m p

m e tre  ru ıe

in  F ig .  1
(b ) A  h o riz o n ta l m e tre  ru le  is  c la m p e d  a t o n e  e n d .  T h e  ï e e  e n d  o s c illa te s  v e rtic a lly  a s  ş h o w n

(a ) D e fin e  s im p le  h a lm o n ic  m o tio n .

tN 0 3 H U 4 ]
D 5

in s ta n ta n e o u s ly  a t re s t .

(iv ) th e  m a g n itu d e  o f th e  a c c e le ra tio n  o f th e  s h a d o w  w h e n  th e  s h a d o w  is

(iii) th e  s p e e d  o f th e  s h a d o w  a s  it p a s s e s  th ro u g h  S
,

O i) th e  p e rio d
,

逄 试 队 (i) th e  a m p litu d e
,

U  &  & iT lem h m  
fo r th e  m o tio n  o f th e  s h a d o w  o n  th e  s c re e n ,

lu in iı 
ır  

t h e  s c r e e n .

(b ) B y re fe re n c e  to  y o u r a n s w e r to  (a ) (ii), 
d e s c rib e  th e  m o tio n  e x e c u te d  b y  th e  s h a d o w  o n

(ii) D e riv e  a n  e x p re s s io n  fo r th e  d is ta n c e  S T  in  te rm s  o f r , ( o  a n d t.

(a ) (i) W rite  d o w n  a n  e x p re s s io n  fo r O in  te rm s  o f a ) a n d  t.

S .  A t s o m e  ıa te r tim e  t,  th e  s h a d o w  is  s e e n  a t T .

w h ic h  is  n o rm a l to  th e  in c id e n t lig h t .  A t tim e  t =  O
, Q  =  

O  a n d  t h e  s h a d o w  o f  t h e  
p e

g  
is  s e e n  a t

P a ra lle l lig h t is  in c id e n t o n  th e  tu rn ta b le  s o  th a t th e  s h a d o w  o f th e  p e g  is  o b s e rv e d  o n  a  s c re e n



e p re s e n ts  th e  a m p litu d e  o f th e  o s c illa tio n s  o f th e

D 6  
[N 0 6 M /3 ]

Ħa .  a

Ě ĝ ĝ į ĝ ĝ  燕 i e

2  m o - p U d o



8

- 0 .  1 5 -
,

一 0 . 1 0 -
一 ― ―

- 0 .  0 5

0 ,  0 0 I,  tim e  1 s

0 ,  0 5

0 .  1   
·

0 .  1 5  4

d is p la c e m e n w  / m

U s e  th e  g ra p h  to  d e te rm in e  th e  a m p litu d e , p e rio d  a n d  a n g u la r fre q u e n c y  o f  th is  o s c illa tio n .

D 8  A n  o b je c t u n d e rg o in g  a  fo rc e d  o s c illa tio n  h a s  d is p la c e m e n t y , 
a s  s h o w n .

W h a t is  th e  m a x im u m  a c c e le ra tio n  a n d  m a s s  o f th e  o b je c t?

D 7

(ii) D e te rm in e  E M Ax fo r p a rtic le  P  o f m a s s  2 .  5 × 1 0
3 

k g .

by E . .
- ļ m  G  A  

2
.

o f m a s s  m  o s c illa tin g  w ith  a m p litu d e  A , its  m a x im u m  k in e tic  e n e rg y  E M A x  is  g iv e n

(b ) (i) T h e  m a g n itu d e  o f th e  g ra d ie n t o f th e  lin e  in  th e  fig u re  is  G .  S h o w  th a t , fo r a  p a rtic le

(ii) s h o w  th a t th e  fre q u e n c y  o f o s c illa tio n s  o f p a rtic le  P  is  4 6 0  H z .

(i) e x p la in  w h y  th e  m o tio n  o f p a rtic le  P  is  s im p le  h a rm o n ic ,

ta ) U s e  th e  fig u re  to

a tta c h e d  to  th e  c o n e  o f a  lo u d s p e a k e r .

T h e  fig u re  s h o w s  th e  v a ria tio n  w ith  d is p la c e m e n t x  o f th e  a c c e le ra tio n  a  o f a  p a rtic le  P



a n d - d o w n  m o tio n  o f th e  b lo c k .

a re  th e n  in c id e n t o n  th e  b lo c k .  T h e s e  c a u s e  re s o n a n c e  in  th e  u p
-

S u rfa c e  w a te r w a v e s  o f s p e e d  0 .  9 0  m  s
'

a n d  w a v e le n g th  0 .  3 0  m

w h e re  f is  m e a s u re d  in  H z  a n d  m  in  k g .

in  th e  w a te r w ith  a  fre q u e n c y  f g iv e n  b y  th e  e x p re s s io n

to ta lly  s u b m e rg in g  it , a n d is  th e n  re le a s e d , it b o b s  u p  a n d  d o w n

fig u re .  W h e n  th e  b lo c k  is  p u s h e d  d o w n  in to  th e  w a te r , w ith o u t

A  b lo c k  o f w o o d  o f m a s s  m  flo a ts  in  s till w a te r a s  s h o w n  in  th e

D 1 0  [N 9 4 /10 2 ]

(d ) S ta te  o n e  s itu a tio n  in  w h ic h  th e  p h e n o m e n o n  illu s tra te d  in  F ig .  2 is  u s e d  to  a d v a n ta g e .

s h o w  th e  v a ria tio n  w ith  fre q u e n c y  o f th e  a m p litu d e  o f v ib ra tio n  o f th e  m a s s .

(c ) A  lig h t p ie c e  o f c a rd  is  fix e d  to  th e  m a s s  w ith  its  p la n e  h o riz o n ta l.  O n  F ig .  2 , d ra w  a  lin e  to

(ii) th e  p e rio d .

(i) th e  a n g u la r fre q u e n c y ,

(b ) F o r  th e  m a s s  v ib ra tin g  a t m a x im u m  a m p litu d e , c a lc u la te

(a ) N a m e  th e  p h e n o m e n o n  w h ic h  is  illu s tra te d  in  F ig .  2 ,

'

5

一

园
回

一

■
回

国
团
团

2 

u e n c y / H z

F ig .  2

!e.?f

i ı» Ţ i  i ş = * x ı  · : 
Y A q Ð i i ¢

i
ı E i

F ig . '

ŢŢ

v ib ra tio n  o f th e  m a s s  is  s e e n  to  c h a n g e  a s  s h o w n  in  F ig .  2 .

T h e  v ib ra to r its e lf h a s  c o n s ta n t a m p litu d e .  A s  th e  * e q u e n c y  is  v a rie d , th e  a m p litu d e  o f

F ig .  1 illu s tra te s  a  m a s s  w h ic h  c a n  b e  m a d e  to  v ib ra te  v e rtic a lıy  b e tw e e n  tw o  s p rin g s .

D 9 0 9 7ı11ı2 ]

(e ) m a x im u m  p o te n tia l e n e r9 V .

(d ) m a x im u m  k in e tic  e n e rg y ,

(c ) m a x im u m  n e g a tiv e  a c c e le ra tio n ,

(b ) m a x im u m  p o s itiv e  a c c e le ra tio n ,

(a ) m a x im u m  p o s itiv e  v e lo c ity ,

S ta te ,  fo r e a c h  o f th e  fo llo w in g , a  tim e  a t w h ic h  th e  o s c illa tin g  o b je c t h a s
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_m

a m p litu d e  o f th e  o s c illa tio n  o f m l a fte r th e  s p rin g  s y s te m  ls  x

m l a n d  m z  a re  p u s h e d  to  th e  le ft s o  t h a t t h e  s p rin g  ıs  c o m p r e s s e d  a  d is ta n c e  x , s h o w  th a t th e

T w o  m a s s e s  s lid e  o n  a  fric tto n le s s  ta b le ,  M a s s  m l , b u t n o t m z , is  fa s te n e d  to  a  s p rin g .  If n o wC 2

w h e re  k  is  th e  s p rin g  c o n s ta n t o f th e  s p rin g .

T  =  2 n

(c ) H e n c e , s h o w  th a t its  p e rio d  o f o s c illa tio n  is  g iv e n  b y

th e  s p rin g  is

(b ) S h o w  th a t w h e n  th e  b o d y  o n  th e  le ft m o v e s  th ro u g h  a  d is ta n c e  x , th e  c h a n g e  in  le n g th  o f

s ta tio n a ry .  E x p la in  w h y  th e  p e rio d s  o f o s c illa tio n s  o f b o th  b o d ie s  a re  th e  s a m e ,

(a ) T h e  b o d ie s  m o v e  in  o p p o s ite  d ire c tio n s  a n d  th e  c e n tre  o f m a s s  o f th e  s y s te m  is

c o m p re s s io n .

o b e y s  H o o k e
'

s  la w  in  b o th  e x te n s io n  a n d

o s c illa te s  a lo n g  th e  a x is  o f th e  s p rin g , 
v  h ic h

jo in e d  b y  a  lig h t s p ira l s p rin g .  E a c h  b o d y

T h e  fig  u  re  b e  '" w  s h  o w s  a n  i s  o '" t e d  o  s  '" '

Çb iJ g ų a d h a i

N o te  fo r a  w a v e , v  
·  lĄ w h e re  v  is  th e  s p e e d

, f is  th e  * e q u e n c y  a n d  Å  is  th e  w a v e le n g th

(iii) th e  b lo c k  h a s  a b s o rb e d  s o m e  w a te r .

O i) th e  d is ta n c e  b e tw e e n  th e  w a v e  c re s ts  in c re a s e s ,

(i) w a te r w a v e s  o f la rg e r a m p 【itu d e  a re  in c id e n t o n  th e  b lo c k ,

b lo c k  a fte r th e  fo llo w in g  c h a n g e s  a re  m a d e  in d e p e n d e n tly

(c ) D e s c rib e  a n d  e x p la in  w h a t h a p p e n s  to  th e  a m p litu d e  o f th e  v e rtic a l o s c illa tio n s  o f th e

(ii) th e  m a s s  o f th e  b lo c k .

(i) th e  fre q u e n c y  o f th e  w a te r w a v e s ,

1o ) C a lc u la te

(a ) E x p la in  w h a t is  m e a n t b y  th e  te rm  r e s o n a n c e .

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

R A F F L E S  ıN S T IT U T IO N
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g e s t e d  A n s w e rs
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a  = - x
.  
a ]

2  
s in  m t  = - a

.  
s in  a Jt , 

w h e re  a
.

- x
.  

m

2  

is  th e  m a x im u m  a c c e le ra tio n

v - x
.  
m c o s a ) t - v

.  
c o s m t , 

w h e re  v
.

- x
.  

m  is  th e  m a x im u m  v e lo c ity

5 4  X - X
.  

s in  a Jt

T h e  d e fin in g  e q u a tio n  is  a  = -

a 1

2  

x

to w a rd s  th e  p o in t .

a c c e le ra tio n  is  p ro p o rtio n a l to  its  d is p la c e m e n t » o m  th e  fix e d  p o in t a n d  is  a ıw a y s  d ire c te d

S im p le  h a rm o n ic  m o tio n  is  d e fin e d  a s  th e  m o tio n  o f a  p a rtic le  a b o u t a  fix e d  p o in t s u c h  th a t its5 3

5 2  T  °  

f
-

i
1

.  

2 ï
_

* e q u e n c y

a n g u la r fre q u e n c y , a )
- ra te  o f c h a n g e  o f p h a s e  a n g ie , it is  e q u a l to  th e  p ro d u c t o f 2 rr a n d

fre q u e n c y , f - n u m b e r o f o s c illa tio n s  p e r u n it tim e

p e rio d
, 
T - tim e  ta k e n  to  c o m p le te  o n e  o s c illa tio n

a m p litu d e , x .

- th e  m a g n itu d e  o f m a x im u m  d is p la c e m e n t fro m  e q u ilib riu m  p o s itio n

d is p la c e m e n t , x
- d is ta n c e  in  a  s p e c ific  d ire c tio n  fro m  th e  e q u ilib riu m  p o s itio n5 1

'

S e lf - C h e c k  Q u e s tio n s

s o ıu tio n s

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

R A F F L E S  I N S T ıT U T IO N
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o f ĥ  a n d  .  N o te  th a t E is  p ro p o rtio n a l to  x o

'
a n d  ŕ . )

(A t a n y  in s ta n t d u rin g  th e  m o tio n , th e  to ta l e n e rg y  E  o f th e  s y s te m  is  c o n s ta n t a n d  e q u a l to  th e  s u m

T h e  fre q u e n c y  o f e n e rg y  v a ria tio n  is   įç ę  th a t o f th e  o s c illa tio n  its e lf .

A s  th e  m a s s  a p p ro a c h e s  th e  e q u ilib riu m  p o ın t, its  in c re a s e s  ( d e c re a s e s ) .

A s  th e  m a s s  a p p ro a c h e s  th e  e n d p o in ts , lts  d e c re a s e s  ( in c re a s e s ) .

ĥ  is  g re a te s t a n d  E p  is  z e ro  a s  th e  m a s s  p a s s e s  th ro u g h  th e  e q u ilib riu m  p o s itio n .

T h e re  is  a  c o n tin u a l c h a n g e  o f  e n e rg y  » o m  k in e tic  e n e rg y  to  p o te n tia l e n e rg y  a n d  v ic æ v e r s a .
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5 1 1 R e te r  to  le c tu re  n o te s  o n  c iíc u m s ta n c e s  iıı w h ic h  re s o n a n c e  is  u s e lu l o r  s h o u ld  b e  a v o id e d .

fre q u e n c y  o f th e  b o d y .  W n e n  d a m p in g  is  h e a v y , 
th e  re s o n a n c e  is  fla t .

g ra d u a lly  a n d  m a x im u m  a m p ıitu d e  o c c u rs  a t a  fre q u e n c y  th a t is  lo w e r th a n  th e  n a tu ra l
W h e n  d a m p in g  is  m o d e ra te , t h e  a m p litu d e  a t re s o n a n c e  d e c re a s e s .  T h e  c u rv e  fa lls  o n

s ıig h tly  fro m  th e  n a tu ra l fre q u e n c y  o f th e  b o d y .  T h e  re s o n a n c e  is  s h a rp .

ıig h t, th e  a m p litu d e  is  la rg e  b u t fa lls  o ff ra p id ly  w h e n  th e  d riv in g  fre q u e n c y  o f th e  b o d y  d iffe rs
T he  s h a rp n e s s  o f re s o n a n c e  is  d e te rm in e d  b y  th e  d e g re e  o f d a m p in g .  W h e n  d a m p in g  is

；I ·
·

'

.

、 皿
10 1

- F -

t
'Ĥ

■园里祭围目

5 1 0

th e  d riv e n  s y s te m .

fo rc e .  T h is  o c c u rs  w h e n  th e  * e q u e n c y  o f th e  d riv in g  fo rc e  is  e q u a l to  th e  n a tu ra ı * e q u e n c y  o f

R e s o n a n c e  o c c u rs  w h e n  a  s y s te m  re s p o n d s  a t m a x im u m  a m p litu d e  to  a n  e x te rn a l d riv in g

fo rc e .

F o rc e d  o s c illa tio n s  a re  p ro d u c e d  w h e n  a  b o d y  is  s u b je c te d  to  a n  p e rio d ic  e x te rn a l d riv in g5 9

tR e fe r  to  le c tu re  n o te s  o n  th e  c a r s u

o s c illa te  u p  a n d  d o w n  a fte r g o in g  o v e r a  b u m p , w h ic h  is  u n d e s ira b le .

re d u c e  th e  d is c o m fo rt o f th e  p a s s e n g e rs .  W ith o u t c ritic a l d a m p in g , t h e  b o d y  o f th e  c a r w ill

e q u ilib riu m  le n g th s  w ith o u t o s c illa tin g  u p  a n d  d o w n .  T h e  s p rin g s  a re  c ritic a lly  d a m p e d .  T h is  w ill

s h o c k  a b s o rb e rs  p ro v id e  d a m p in g  to  e n a b le  th e  s p rin g s  to  s m o o th ly  a n d  q u ic k ly  re tu rn  to  th e ir

a  b u m p , 
t h e  s p rin g s  w ill b e  d is p la c e d  fro m  th e ir e q u ilib riu m  le n g th s .  T h e  v is c o u s  o il in  th e

T h e  s u s p e n s io n  s y s te m  o f a  c a r in c lu d e s  s h o c k  a b s o rb e rs  a n d  s p rin g s .  W h e n  a  c a r g o e s  o v e r

5 8  A  s w in g in g  p e n d u lu m  o r v ib ra tin g  tu n in g  fo rk  a re  e x a m p le s  o f lig h tly  d a m p e d  o s c illa tio n s .

Y r  5 - 6  P H Y S ıC S  D E P A R T M E N T
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f叫 呷 W 。

H m c e  Ln d cf  fo rc e d  .  0 0 m .  P ,  ha s H .  m ' " g « - Ft ' " e m ' " s - "

p ' " o d e m o s . - ı«  dw Ħl=  fm c
o  lh  ·  · Q  tm °' " O - to .  E t h .  s h .  1" " .

A n s  D

m o m e n ta rily  a t re s t .  S o  s p e e d  a n d  k in e tic  e n e rg y  is  z e ro .

A t t =  T / 2 , th e  m a s s  is  a t its  m a x im u m  d is p la c e m e n t fro m  th e  e q u ilib riu m  p o s itio n .  It is

m a x im u m  to  z e ro .  T h e  a m p litu d e  is  th u s  (1 0 0 - 30 ) / 2 - 3 5  c m .

z e ro  to  a  m a x im u m  a t th e  e q u ilib riu m  p o s itio n  a n d  a c c e le ra tio n lre s to rin g  fo rc e  d e c re a s e s  fro m  a

F ro m  t =  0  t o  t  
=  

T / 4  (a  q u a rte r th ro u g h  its  o s c illa tio n ) , t h e  s p e e d  o f th e  m a s s  in c re a s e s  fro m

A n s  A

o f  th e  e n e rg y  v a ria tio n s  is  h a lf th a t o f th e  o s c illa tio n  its e lf) .

H e n c e  th e  fre q u e n c y  o f th e  e n e rg y  v a ria tio n s  is  tw ic e  th a t o f th e  o s c illa tio n  its e ıf (i.  e .  Th e  p e rio d

a g a in  a t t =  
1  s  a n d  t  

=  
2  s  w h e n  t h e  b o b  is  a t  t h e  

p o in t s  o f  m a x im u m  d is
p

ıa c e m e n t .

A t t =  
O , k in e tic  e n e rg y  o f th e  b o b  is  z e ro  a n d  p o te n tia l e n e rg y  is  m a x im u m .  T h is  w ill h a p p e n

A n s  C

its  a c c e ıe ra tio n  is  n e g a tiv e  (a
- -

ū lx ) .

A t p o in t C , t h e  b o d y
'

s  v e lo c ity  is  p o s itiv e  (g ra d ie n t p o s itiv e ) a n d  s in c e  its  d is p la c e m e n t p o s itiv e ,

A n s  B

e x tre m e  e n d s  o f th e  S .  H .  M .  (T a rg e t is  m o m e n ta rily  s ta tio n a ry  a t th e  a m p litu d e  o f th e  o s c illa tio n . )

P la y e r s h o u ld  a im  a t th e  re g io n s  w h e re  th e  m o v in g  ta rg e t is  m o v in g  th e  s lo w e s t i.  e .  A t th e

A n s  E

P e rio d  o f th e  o s c illa tio n  is  a ls o  c o n s ta n t , h e n c e  a n g u la r * e q u e n c y  is  a ls o  c o n s ta n t .

S in c e  to ta l e n e rg y  a n d  m a x im u m  e n e rg y  is  c o n s ta n t , 
a m p litu d e  is  a ls o  c o n s ta n t .

p o te n tia l e n e rg ie s  a re  c o n s ta n tly  b e in g  tra n s fo rm e d  fro m  o n e  fo rm  to  th e  o th e r .

ın  a n  u n d a m p e d  S .  H .  M .
,  
to ta l e n e rg y  o f th e  o s c illa tin g  s y s te m  is  a  c o n s ta n t th o u g h  k in e tic  a n d

A n s  D

m x
o  

2 (0 .  0 5 )

m
m a x

a

a x  
=  

m a
m a x

A t m a x im u m  d is p ıa c e m e n t x o ,

T ro ııe y  is  p e rfo rm in g  S .  H .  M .  s in c e  it is  g iv e n  th a t its  a c c e le ra tio n , a  =  i . -

T o

2  

x

l S e lf P ra c tic e  Q u ė s tio n s  # ţt ,  i 1 # g i Đ £W e i Ţ n Į ą ţ Į Į ļ Ę å  ;y , § # g g

Y r  5 4  P H Y S IC S  D E P A R T M E N T
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 3 1 .  6 m s-
2

�

- (8 n ) (B n ) (0 .  0 5  m )

la .  I co v o

(e ) m a x im u m  a c c e le ra tio n  o f th e  p a rtic le  d u rin g  its  m o tio n ,

v e lo c ity  o f th e  p a rtic le  a t th e  e x tre m e  e n d  o f th e  s w in g
- O  m  s

-
1

=  1 .  2 6  m  S   
·  

1

=  (8 1【) (0 .  0 5  m )

ıv o l =  
( O X o

(d ) v e ıo c ity  o f th e  p a rtic ıe  a s  it p a s s e s  th ro u g h  its  e q  u ilib riu m  p o s itio n ,

(c ) p e rio d
, 
T =  1 / f  =  l4  s

=
0 .  2 5  s

(b ) fre q u e n c y , 
f =  

c o / 2 1【 - 8 1【/ 2 7 r -
4  H z

(a ) a m p ıitu d e
, 

x
.  

·  0 .  0 5 m

C o m p a re  x - (0 .  0 5 ) s in  8 7rt w ith  x -
x .  s in  w t .

Y r  5 - 6  P H Y S ıC S  D E P A R T M E N T
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g x o  

X oi x o 可
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1/2 m g x o  T o ta ı E n e r g y

2 m g x o

◆ E

o b ta in e d .

th e  fo lıo w in g  g  ra p h  w ill b e

a n d  e q u iıib riu m  p o s itio n s  in s te a d ,

m id w a y  b e tw e e n  th e  u n - s tre tc h e d

p o te n tia ı e n e rg  y  ls  ta k e n  to  b e

z e ro  le v e l fo r g ra v ita tio n a l

th e  e q u ilib riu m  e x te n s io n  a n d  th e

e la s tic a lly  b y  a  d is ta n c e  e q u a l to

If th e  s p rin g  is  d  is p la c e d

(R e fe r to  n o te s  E .  g .  5)

e q m  p o s itio n

- X o  O  X o

d is p la c e m e n t w ill b e  o b ta in e d .

v a ria tio n  o f e n e rg  ie s  w ith

fo lıo w in g  g ra p h  s h o w in g  th e

th e  e q u ilib riu m  e x te n s io n , th e

e la s tic a lly  b y  a  d is ta n c e  e q u a l to

A s s u m in g  th e  s p rin g  is  d is p ıa c e d

th e re  w ill b e  e n e rg y  lo s t in  th e  fo rm  o f in te rn a l e n e rg y  d u e  to  a ir re s is ta n c e .

T h e  in te rc h a n g e  b e tw e e n  th e s e  th re e  fo rm s  o f e n e rg y  c o n tin u e s  a s  th e  m a s s  o s c illa te s  b u t

e n e rg y , 
lo w e s t e la s tic  p o te n tia l e n e rg y  a n d  z e ro  k in e tic  e n e rg y .

A t th e  h ig h e s t p o s itio n  o f th e  o s c illa tio n ,  th e  s y s te m  h a s  th e  h ig h e s t g ra v ita tio n a l p o te n tia l

c o n v e rte d  in to  g ra v ita tio n a l p o te n tia l e n e rg y .

A s  it c o n tin u e s  to  m o v e  u p w a rd s , k in e tic  a n d  e la s tic  p o te n tia l e n e rg y  o f th e  s y s te m  is

W h e n  th e  m a s s  is  a t th e  c e n tre  o f its  o s c illa tio n , th e  s y s te m  h a s  m a x im u m  k in e tic  e n e rg y .

e n e rg y  a n d  k in e tic  e n e rg y .

A s  th e  m a s s  m o v e s  u p w a rd s , e la s tic  p o te n tia l e n e rg y  is  c o n v e rte d  in to  g ra v ita tio n a l p o te n tia l

th e  s y s te m  is  a t a  m in im u m  w h ile  its  e la s tic  p o te n tia l e n e rg y  is  a t a  m a x im u m .

A t th e  lo w e s t p o s itio n  o f th e  o s c illa tio n , th e  g ra v ita tio n a l p o te n tia l e n e rg y  a n d  k in e tic  e n e rg y  o f

T a k e  th e  lo w e s t p o s itio n  o f th e  o s c illa tin g  m a s s  to  b e  th e  z e ro  g ra v ita tio n a l p o te n tia l e n e rg y

p u lle d  d o w n  a  d is ta n c e  w h ic h  is  m o re  th a n  th e  e q u ilib riu m  e x te n s io n .

A s s u m e  th a t th e  s p rin g  is  n o t c o m p re s s e d  d u rin g  th e  o s c illa tio n  o f th e  m a s s , ie  th e  m a s s  is  n o t


