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is  u s e fu l a n d  o th e r c irc u m s ta n c e s  in  w h ic h  re s o n a n c e  s h o u ld  b e  a v o id e d .

(I) s h o w  a n  a p p re c ia tio n  th a t th e re  a re  s o m e  c irc u m s ta n c e s  in  w h ic h  re s o n a n c e

a n d  s h a rp n e s s  o f th e  re s o n a n c e .

u n d e rs ta n d  q u a lita tiv e ly  th e  fa c to rs  w h ic h  d e te rm in e  th e  fre q u e n c y  re s p o n s e

d riv in g  fre q  u e n c y  n e a r to  th e  n a tu ra l fre q  u e n c y  o f th e  s y s te m , 
a n d

(k) d e s c rib e  g ra p h ic a lly  h o w  th e  a m p litu d e  o f a  fo rc e d  o s c illa tio n  c h a n g e s  w ith

ü) d e s c rib e  p ra c tic a ı e x a m p ıe s  o f fo rc e d  o s c illa tio n s  a n d  re s o n a n c e .

d a m p in g  in  c a s e s  s u c H  a s  a  c a r s u s p e n s ió n  s y s te m .

to  th e  e ffe c ts  o f th e  d e g re e  o f d a m p in g  a n d  th e  im p o rta n c e  o f c ritic a l

d e s c rib e  p ra c tic a l e x a m p le s  o f d a m p e d  o s c illa tio n s  w ith  p a rtic u la r re fe re n c e

h a rm o n ic  m o tio n .

(h ) d e s c rib e  th e  in te rc h a n g e  b e tw e e n  k in e tic  a n d  p o te n tia l e n e rg y  d u rin g  s im p le

R e s o n a n c e

O s c illa t io n s ,

a n d  F o r c e d

D a m p e d

H M
= il e rg y  in

a n d  a c c e ıe ra tio n  d u rin g  s im p le  h a rm o n ic  m o tio n .

(g) d e s c rib e , 
w ith  g ra p h ic a l ilıu s tra tio n s , th e  c h a n g e s  in  d is p la c e m e n t ,  v e ıo c ity

F  x  
2

).(f) re c o g n is e  a n d  u s e  v = y
o  

c o s a t  a n d  v =  士

(e ) re c o g n is e  a n d  u s e  x  =  x
o  

s in  a ) t  a s  a  s o ıu tio n  to  th e  e q u a t io n  a  = -

æ

2

x .

h a rm o n ic  m o tio n .

«d ) re c a lı a n d  u s e  th e  e q u a tio n  a  = -

ø

2

x  a s  th e  d e fin in g  e q u a tio n  o f s im p le

p e rio d  in  te rm s  o f  b o th  fre q u e n c y  a n d  a n g u la r fre q u e n c y .

fre q u e n c y , a n g u la r fre q u e n c y  a n d  p h a s e  d iffe re n c e  a n d  e x p re s s  th e

(c ) s h o w  a n  u n d e rs ta n d in g  o f a n d  u s e  th e  te rm s  a m p litu d e , p e rio d ,

m e th o d s .

(b ) in v e s tig a te  th e  m o tio n  o f a n  o s c illa to r u s in g  e x p e rim e n ta l a n d  g ra p h ic a ı

(a ) d e s c rib e  s im p le  e x a m p le s  o f fre e  o s c ilıa tio n s .

C a n d id a te s  s h o u ld  b e  a b le  to

n ic

S im p le

I L e a rn  O u tc o m e s

D a m p e d  a n d  fo rc e d  o s c illa tio n s  : re s o n a n c e

E n e rg y  in  s im p ıe  h a rm o n ic  m o tio n

S im p ıe  h a rm o n ic  m o tio n

c o n te n t

c  h a  Uİ jį ȘȘ \
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in c o rp o ra te  d iĦra c tio n  g ra tin g  te c h n o lo g y ,  a s  a n  a n ti-

c o u n te rfe itin g  m e a s u re .

e n g in e e rs  a ıs o  c re a te  o p tic a lly  v a ria b le  g ra p h ic s  (O V G ) o n  c re d it c a rd s
, w h ic h

fre q u e n c ie s  o f lig h t s o u rc e s  ra n g in g  fro m  la m p s  to  d is ta n t s ta rs .  O ptic a l

a n  e a rth q u a k e .  F u rth e rm o re , d iĦra c tio n  g ra tin g s  a llo w  u s  to  d e te rm in e  th e

in  e n g in e e rin g , e .  g .  To  p re v e n t th e  c o lla p s e  o f a  b u ild in g  d u e  to  w a v e s  c re a te d  b y

w a v e s ,  T h e  s tu d y  a n d  c o n tro l o f o s c illa tio n  is  n e e d e d  to  a c h ie v e  im p o rta n t g o a ıs

e v e ry w h e re , e .  g .  iig h t tra v e llin g  fro m  th e  s u n  to  e a rth , w a te r w a v e s  a n d  s o u n d

ıife  
w a v e s  c o n s is t o f o s c illa tin g  e le c tric  a n d  m a g n e tic  f ie ld s , a n d  w a v e s  a re  p re s e n t

re ıe v a n c e  to  d a iıy  

m o le c u ıe s  in  a  s o lid  o s c illa te  a b o u t th e ir e q u ilib riu m  p o s itio n  : e le c tro m a g n e tic

A p p ıic a t io n s  a n d  
O s c illa tio n s  a n d  w a v e s  p la y  im p o rta n t ro le s  in  e n g in e e rin g  a n d  n a tu re .  ın  n a tu re ,

q u a n tu m  w a v e -

p a rtic ıe  d u a ıity ,

e x p ıa in in g  th e  b e h a v io u r o f m a tte r o n  th e  a to m ic  s c a le  a n d  u n d e rs ta n d in g  w
r

w iıı ıa te r b e  im p o rta n t fo r a p p re c ia tin g  th e  ıim ita tio n  o f c ıa s s ic a l p h y s ic s  in =

h is to ric a l.  M a n y  o f th e  id e a s  in tro d u c e d  d u rin g  th e  s tu d y  o f w a v e s  in  th is  s e c tio n

in te rfe re n c e  a n d  d iffra c tio n .  T h e  d iffe re n c e  in  th e  u s a g e  o f th e  te rm s  is  m a in ly

s u p e rp o s itio n  o f w a v e s .  H o w e v e r , th e re  is  a c tu a ııy  n o  c ıe a r d is tin c tio n  b e tw e e n

In te rfe re n c e  a n d  d iffra c tio n  a re  im p o rta n t w a v e  p h e n o m e n a  d u e  to  th e

s u p e rp o s itio n  a lıo w s  a c c u ra te  c h a ra c te ris a tio n  o f in te ra c tio n  o f  w a v e s .

q u a ıita tiv e ly  d iffe re n t w a y  fro m  h o w  p a rtic ıe s  in te ra c t .  T h e  p ń n c ip ıe  o f

W e  c a n  a ıs o  d is c u s s  w a v e  m e c h a n ic s , a s  w a v e s  in te ra đ ,  t h o u g h  in  a

o s c iııa tio n s  th a t d o  n o t re q u ire  p a rtic le s .

th a t e ıe c tro m a g n e tic  w a v e s  c a n  tra v e ı th ro u g h  a  v a c u u m , a n  e x a m p le  o f fie ld

a tte n d a n t tra n s fe r o f m a tte r .  R e m a rk a b ıy , 
o n e  o f  t h e  m a n y  s u rp ris e s  o f n a tu re  is

d is tu rb a n c e s  fa r a w a y .  W a v e s  a re  a  m e a n s  o f tra n s m ittin g  e n e rg y  w ith o u t th e

o s c ilıa tio n s  th e n  s p re a d  o u t a s  w a v e s , w h ic h  c a rry  e n e rg y  a n d  c a n  re s u ıt in

c o n tin u o u s  m e d ia .  A ıl w a v e s  a re  d is tu rb a n c e s  w h ic h  re s u lt in  o s c ilıa tio n s .  T h e

W ith  w a v e s , w e  m o v e  c o n c e p tu a ıly  fro m  p h y s ic s  o f  p a rtic le s  to  th e  p h y s ic s  o f

We q u a lly  fu n d a m e n ta l fo r d e s c rib in g  a n d  u n d e rs ta n d in g  th e  p h y s ic a l u n iv e rs e .

turns o u t th a t th e  w a v e  p ic tu re , g e n e ra lis e d  b e y o n d  c la s s ic a l m e c h a n ic s , is  イ 国 虹

w ith in  th e  s y s te m .  W h ile  w e  h a v e  s e e n  h o w  p o w e rfu ı th e  p a rtic le  p ic tu re  is
, 
it

u n d e rg o in g  o s c illa tio n s  is  th e  s ta rtin g  p o in t th a t le a d s  o n  to  th e  id e a  o f  w a v e s

W h e n  w e  c o n s id e r a  s y s te m  o f c o n n e c te d  p a rtic le s , th e  id e a  o f s in g le  p a rtic le s

kin e m a tic s , d y n a m ic s
, 
fo rc e s  a n d  e n e rg y  in  try in g  to  u n d e rs ta n d  S H M .

d e s c rib e  m o re  c o m p lic a te d  o s c illa tio n s .  N a tu ra lly , w e  r e v is it c o n c e p ts  in

u n ifo rm  c irc u la r m o tio n
, a n d p ro v id e s  a  m a th e m a tic a l b a s is  u p o n  w h ic h  to

m o tio n  (S H M ) .  S u c h  s in u s o id a lly  v a ry in g  m o tio n  is  e s s e n tia lly  a  p ro je c tio n  o f

th e  m a th e m a tic a lly  s im p le s t c a s e  o f » e e  o s c illa tio n s ,  k n o w n  a s  s im p le  h a rm o n ic

N o n e th e le s s , w e  c a n  g a in  a  d e e p  u n d e rs ta n d in g  o f p e rio d ic  m o tio n  b y  a n a ly s in g

s p a tia l d im e n s io n , th e re  c a n  b e  c o m p lic a te d  ty p e s  o f p e rio d ic  m o tio n .

h a v e  s tu d ie d  u n ifo rm  c irc u la r m o tio n , w h ic h  is  p e rio d ic  a n d  re g u la r .  E v e n  in  o n e

e q u ilib riu m .  W h ile  m u c h  o f th e  m o tio n  w e  h a v e  c o n s id e re d  is  n o n -

p e rio d ic , w e

a n d  a ris e s  fo r e x a m p le  w h e n  o b je c ts  a re  p e rtu rb e d  fro m  a  c o n d itio n  o f s ta b le

P e rio d ic  m o tio n , w h e re  th e  p a tte rn  o f m o v e m e n t re p e a ts  o v e r tim e , is  u b iq u ito u s
,

s e c t io n s  a n d  Topis
L in k s  B e tw e e n

1 0 .  0  1 0 s c iıla tio n s  a n d  W a v e s g ļ : ¢% j łe Ĥ į j g $ ģ ā ę ñ Ē 'ł # ? i ıį ç ł
'

\î f .  W §U Ëj f ' Į  ' : -
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e n e rg y

c o n s e rv a tio n  o f

o b e y s  th e

in te rfe re n c e  p a tte rn

d o u b ıe -

s lit

d is trib u tio n  o f  a

 T h e  i nt e n s i ty
�

s o u rc e

d is ta n c e  fo r a  p o in t

b e tw e e n  in te n s ity  a n d

 T h e  r e ı at i on s h i p
�

a n  S H M  s y s te m

m e c h a n ic a ı e n e rg y  in

 C o n s e r v a t i on  o f �

C o n s e rv a tio n  L a w s

a tte n u a tio n )

a n d  a ir re s is ta n c e  (n e g lig ib le

ig n o re  d is s ip a tiv e  fo rc e s  lik e  fric tio n

 S i mp l
ify i ng  a

s s u m p t i on s  e .  g. �

g ra p h  (s n a p s h o t o f w a v e  in  tim e )

p a rtic ıe ) , d is p ıa c e m e n t-

p o s itio n

tim e  g ra p h  (c h a ra c te ris tic  o f e v e ry

w a v e fro n t d ia g ra m s , 
d is p la c e m e n t-

 c o m m o n  r e p r e s e n t a t i on s  : e .  g. �

in te rfe re n c e , 
d itfta c tio n )

(e .  g .  s ta n d in g  w a v e s , 
t w o

-

s o u r c e

u s e d  to  e x p la in  w a v e  p h e n o m e n a

*  S u p e r p o s it io n  p
r i n c ip ıe , 

w h ic h  is

ra d ia tio n

 W a v e  n a t u r e  o f  eı ec t r o m a g n e t i c�

*  M e c h a n ic a l w a v e  m o d e l

d is p la c e m e n t

th a t is  p ro p o rtio n a l to  its

c h a ra c te ris e d  b y  a  re s to rin g  fo rc e

 S i mp
ı

e h a r m o n i c m o t i on  o f  a  m a s s �

M o d e ıs  a n d  R e p r e s e n ta t io n s

s c a tte rin g j

d iffra c tio n , a b s o rp tio n ,

re fle c tio n
,  

r e fra c tio n ,

w ith  m a tte r (e .  g .

.
,  e ıe c tro m a g n e tic  w a  v e

 I n t e r a c t i on  o f �

a n d  s p a c e

m o m e n tu m  th ro u g h  tim e

tra n s fe r  e n e rg y  a n d

d is tu rb a n c e  th a t c a n

*  A  w a v e  is  a  s o u r c e  o f

S y s te m s  a n d  In te ra c tio n s

L in k s  to  C o re  ıd e a s
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v e lo c ity , w hıc h  ıs  th e  ra te  o f c h a n g e  o f a n g u la r d is p la c e m e n t .

fre q u e n c y .  W h e n  d e a lin g  w ith  u n ifo rm  c irc u la r m o tio n , a )  s t a n d s  fo r a n g u la r

n o t th e  s a m e ,  W h e n  d e a lin g  w ith  s im p le  h a rm o n ic  m o tio n , a )  s t a n d s  fo r a n g u /a r

h a v e  th e  s a m e  u n its  o f ra d  s
' '

a n d a re  w ritte n  w ith  th e  s a m e  s y m b o l a ), t h e y  a re

D o  n o t c o n fu s e  a n g u /a r  fre q u e n c y  w ith  a n g u la r  v e lo c ity .  E v e n  th o u g h  th e  tw o

u s u a l k in e m a tic s  e q u a tio n s  in  s o lv in g  S H M  p ro b le m s .

S in c e  th e  a c c e le ra tio n  o f th e  o b je c t is  D g ţ  c o n s ta n t, it is  n o t p o s s ib ıe  to  a p p ly  th e

d ire c tio n  o p p o s ite  to  th a t o f th e  d is p ıa c e m e n t x .

T h e  n e g a tiv e  s ig n  in  th e  e q u a tio n  in d ic a te s  th a t th e  a c c e le ra tio n  a  a c ts  in  a

T h e  u n it o f (o  is  ra d ia n  p e r s e c o n d  (ra d  s
-

'

).

n  Jl o s c illa tio n ,  a n d is  e q u a l to  th e  p ro d u c t o f 2 rr a n d  its  fre q u e n c y  (i e  (o -
2 r r o

rl A n g u ıa r  f re q u e n c y  is  d e fin e d  a s  th e  r a te  o f  c h a n g e  o f  p h a s e  a n g le  o f  th e

a n d  a 1
2  

is  a  p o s itiv e  c o n s ta n t , w h e re  a ) is  th e  a n g u la r fre q u e n c y  o f th e  o s c illa tio n ,

w h e re  a  is  th e  a c c e le ra tio n ,  x  i s  th e  d is p la c e m e n t » o m  th e  e q u ilib riu m  p o s itio n

m
p o ī i \

"

I
- - -

_ ^  

b
?  

P - J h k  C o .  s l a M

i.  e .  

&  I a
- -

2
_ ł U J

P
lo w  l n ï  t

y  
ib

I a  c c -

x

M a th e m a tic a lly ,

p o in t s u c H  th a t its  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 fr o m  th e  fix e d

- . .  ·  p ıe  h a r m o n i c  m o t i o n  is  d e f i n e d  as:ie m o tio n  o f  a  p a rfic le  a b o u t a  lix e c f

. _ (0
h a rm o n ic  m o tio n  is  a  ty p e  o f s u c h  a  m o tio n .

a b o u t a n  e q u ilib riu m  p o s itio n .  T h is  is  a ls o  c a lle d  h a rm o n ic  m o tio n .  S im p le

A n  o s c illa tio n  is  a  s p e c ia ı p e rio d ic  m o tio n  in  w h ic h  th e  o s c illa to r m o v e s  to  a n d  fro

tim e .

a lte rn a tin g
-

c u r r e n t e le c tric a l c irc u its , v o lta g e  a n d  c u rre n t v a ry  p e rio d ic a lly  w ith

c h a ra c te ris e d  b y  o s c ilıa tin g  e le c tric  a n d  m a g n e tic  fie ld  v e c to rs  a n d  in

o s c illa te  a b o u t th e ir e q u ilib riu m  p o s itio n s  ; e le c tro m a g n e tic  w a v e s  a re

tim e  in te rv a ls .  M a n y  s y s te m s  e x h ib it p e rio d ic  m o tio n .  T h e  m o le c u ie s  in  a  s o lid

A  p e r ŕ o c ric  m o tio n  is  o n e  in  w h ic h  a n  o b je c t c o n tin u a lly  re tra c e s  its  p a th  a t e q u a l
ın tro d u c t io n

1 0 .  1 E r nie H a rm o n ic  M o tio n  [G H .  M . )
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T h e  m a g n itu d e  o f th e  a c c e le ra tio n  is  z e ro  a t O  a n d  m a x im u m  a t A  a n d  B .

N o te  ) A c c e le ra tio n  is  a lw a y s  d ire c te d  to w a rd s  O ,

T h e  s p e e d  a t 0  is  a  m a x im u m  a n d  z e ro  a t A  a n d  B .

w h e re  1 H z   ·  1  s   

· 1

,

ıf T  is  m e a s u re d  in  s e c o n d s  s ,  th e n  f  w ill b e  in  h e rtz , H z .  (S .  I.  u n it),

T h u s  T  a n d  f a re  re la te d  b y  th e  e q u a tio n  : = )

F re q u e n c y  f \s  th e  n u m b e r  o f o s c ilıa tio n s  p e r  u n it tim e .

T  =  = >  
F o rm u la

(E .  g .  B O A O B )

P e r io d  T  \s  th e  tim e  ta k e n  to  c o m p le te  o n e  o s c illa tio n .

fro m  its  e q  u ilib riu m  p o s itio n .

A m p  \ R u d e  is  th e  m a g n itu d e  o f  th e  m a x im u m  d is p la c e m e n t o f  t h e  p a rtic le

Chţ þl Cnın QÀ
to A l =  lo B t =  

x
o , 

w h e re  x o  is  t h e  a iııp lį ţ u d e  o f  t h e  m o tio n .  

A t  \  4u J Ł  +

 l
w �

D e  J j
'

D e fin itio n

\l *

O*l v a J w

It is  s y m m e tric a l a b o u t th e  e q u ilib riu m  p o s itio n  0 .

lts  p a th  is  a  s tra ig h t lin e .

e  m o tio n  o f p a rtic le  N  h a s  th e  fo llo w in g  c h a ra c te ris tic s

F ig .  10 .  1 .  1

^
·
.

0

to w a rd s  B

N  is  s lo w in g  d o w n
r4 s p e e c 

to w a rd s

to w a rd s  A  a  ( to w a rd s '

N  s lo w in g  d o w n  N  s p e e d i

s tra ig h t lin e

B o d y  v ib ra tin g  in  a

F ig .  10 .  1 .  1 .  T h e  d ire c tio n  to w a rd s  th e  rig h t is  ta k e n  to  b e  p o s itiv e .

x  » o m  p o in t O , 
t h e  v e lo c ity  v  a n d  a c c e le ra tio n  a  o f p a rtic le  N  a re  a ls o  in d ic a te d  in

e q u ilib r iu m  p o s itio n  O  a n d  o s c il[a te s  b e tw e e n  p o in ts  A  a n d  B .  T h e  d is p la c e m e n t

S .  H .  M  p a rtic le  N  e x p e rie n c e s  a  re s to rin g  fo rc e  th a t is  a lw a y s  d ire c te d  to w a rd s  th e

C h a ra c te ris tic s  o f F ig .  10 .  1 .  1 illu s tra te s  th e  m o tio n  o f a  p a rtic le  N  in  s im p le  h a rm o n ic  m o tio n .
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6 -

ıf a t t =  
O ,  J

G r a p h  
p a rtic le  N  in  F ig .  10 .  1 .  1 ,  c a n  b e  re p re s e n te d  b y  a  d is p la c e m e n t- tim e  g ra p h .

D is p la c e m e n t - T im e  T h e  v a ria tio n  o f d is p la c e m e n t * o m  th e  e q u ilib riu m  p o s itio n  x  w ith  tim e  1 o f
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a  v a r ie s  w ith  t

v  v a r ie s  w it h  t

x  v a ū e s  w it h  t

a a u r in g  S .  H .  M .

了 ― ―

m \  o c ( W ı w M łť n Đ  o f t o J û i \

a c c e le ra tio n  o f N  in  F ig ,  10 .  1 .  1 v a ry  w ith  tim e  d u rin g  tw o  c o m p le te  c y c le s .

T h e  g ra p h s  o n  th e  n e x t p a g e  s h o w  h o w  th e  d is p la c e m e n t, v e ıo c ily  a n d

4

(R e fe r to  F ig .  10 .  1 .  8 )

L 

' r to  F ig

ĥ ï m .

fw i m t« 

5  
2  

XIXF: % .

= .  厉 一  o o s
t

씨

= -

x o
-

x o  (į - cos2 m t)

- -

t D x
o  

s ih  to t 
- -

k o \ qu4j \ rN  &  ą c

v  = - x
.  
c o  s in  c o t

ţ in utlo ī L  (OLŁ co r , 5 0
V  Ļt .  I. . - x

o
.  

2  

mm  (R e  ef fe rr to  F iigg .  1o .  1 .  6 )

良· 勾

琶
と

り

ー

0 ぼ
(- X

.
の S 加 减 )

d

d v  

ď

d

v  = - x
o

' o  s in  (R e fe r to  F ig .  1 0 .  1 .  5 )

- - (x o  
c o s  m t)

茂 ，
X

. ln 山

d t

J s ,  
w e  h a v e

(R e fe r to  F ig .  10 .  1 .  4 )X  = x
.  

C O S  ú o t

lııu s tra tio n s  a c c e le ra tio r

G ra p h lc a ı T h e  g ra p h

a n d

,  m

A ls o ,

Tı. .

a n d

B y c a lc u lu

C h a n g e s  in  x ,  v  a n d  C o n s id e r th e  c a s e  x - x o  a t  t  
=  O , ie  a t p o in t B , d is p ıa c e m e n t is  g iv e n  b y
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T h e  c y c le  th e n  re p e a ts .

p o s itiv e  b u t a  is  n e g a tiv e .

4  
M  

q u a rte r  o f  c y c le  W h e n  N  is  s lo w in g  d o w n  f r o m  0  to  B
, v  a n d a  a re  in  o p p o s ite  d ire c tio n s  : v  is

(b o th  p o s itiv e ) .

g u a rte r  o f  c y c le  W h e n  N  is  s p e e d in g  u p  fro m  A  to w a rd s  O , b o th  v  a n d  a  a re  d ire c te d  to w a rd s  O

n e g a tiv e  b u t a  is  p o s itiv e .

2
"

guarter o f c y c le  W h e n  N  is  s lo w in g  d o w n  fro m  0  to  A , v  a n d a  a re  in  o p p o s ite  d ire c tio n s  : v  is

(b o th  n e g a tiv e ) ,

1 
'
t  

g u a rte r  o r c y c ıe  W h e n  N  is  s p e e d in g  u p  fro m  B  to w a rd s  O , b o th  v  a n d  a  a re  d ire c te d  to w a rd s  O
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r f ie n ł
' .  

I o

a . -

A 1

2  

X

V  ·  į m

v a ry  w ith  d is p la c e m e n t .

T h e  fo llo w in g  g ra p h s  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 N  in  F ig - 1 0 .  1 .  1
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W h a t is  th e  v a lu e  o f T ?

F ıg u re  (a » F ig u r e  ( b )

- 2

/ S

a  b o d y  v a ry  w ith  tim e  w h e n  it is  o s c illa tin g  w ith  s im p le  h a rm o n ic  m o tio n .

F ig u re s  (a ) a n d  (b ) b e lo w  s h o w  h o w  th e  d is p la c e m e n t x  a n d  th e  a c c e le ra tio n  a  o f

각气 r 中产
丁

。

n M pJ ·m } i n n  rAJq_x .

Íų  
· 

m
E

y

 0 .  6 7  aT hl '

'
�

lhqMĺ  : W  u4l Ü) Y .
,

! 
¢l r

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

(c ) W h a t is  th e  m a x im u m  v e lo c ity  o f th e  p a rtic le ?

(b ) W h a t is  th e  p e rio d  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 ?

: lwt, ľ , h e r e  x  is  in  m e tre s  a n d  t in  s e c o n d s .

'
W

'
: bĺ ıu ťh  

X  =  0 .  0 5  C O S  (4 tr t )

A  p a rtic ıe  d e s c rib e s  S .  H .  M .  in  w h ic h  th e  d is p la c e m e n t is  g iv e n  b y

Ų

(J 8 2ı11/10 )

E x a m p ıe  2

t
-

O t 
W

E x a m p le  1
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1 1 -

c o m p a rin g  w ith  a  = -

m

z

x , a n d  I'
im .  

Fm
* 

lu  R

ûro ı o 4 1o - L  1.  Fm ' "

T h e  re s to rin g  fo rc e  e x e rte d  to w a rd s  th e  le ft b y  th e  s p rin g  o n  th e  b lo c k  is

F ig .  10 ,  1 .  1 0

X

x = o

咽 咽 国

T h e  b lo c k  is  d is p ıa c e d  a  d is ta n c e  x  to  th e  rig h t in  F ig .  10 .  1 .  10 .

e q u ilib riu m  p o s itio n  a s  s h o w n  in  F ig .  10 .  1 .  9 .

s u rfa c e .  W h e n  th e  s p rin g  is  n e ith e r s tre tc h e d  n o r  c o m p re s s e d  it is  a t its

a n d  fo rc e  c o n s ta n t k
, 

w ith  th e  b lo c k  fre e  to  m o v e  o n  a  h o riz o n ta l fric tio n le s s

C o n s id e r  a  b lo c k  o f m a s s  m  a tta c h e d  to  th e  e n d  o f a  s p rin g  o f n e g lig ib le  m a s s

s
p r in g

- M a s s  s y s te m  1orizqntpı

s p rin g
- m a s s  s y s te m  a n d  s im p le  p e n d u lu m ,

M o d e ıs  f o r  S .  H .  M  
T w o  c o m m o n  m e c h a n ic a l s y s te m s  a re  u s e d  to  illu s tra te  s im p le  h a rm o n ic  m o tio n

a n d  d o w n

E x a m p le s  : a  s w in g in g  s im p le  p e n d u lu m  a n d  a  ıo a d e d  s p ira l s p rin g  b o b b in g  u p

w ith  t im e .

d r iv in g  f o r c e  a c t in g  o n  it .  Its  to ta ı e n e r g y  a n d  a m p ıit u d e  r e m a in  c o n s ta n t

F re e  o s c illa tio n  o c c u rs  w h e n  a n  o b je c t o s c ilıa te s  w it h  n o  r e s is t iv e  a n d

o s c illa te s  a t i t s đi ¢ü ë h ċ Ĥ  a b o u t th e  e q u ilib riu m  p o s itio n .

F re e  O s c iııa tio n s  If a n  o b je c t is  d is p la c e d  fro m  its  e q u ilib riu m  p o s itio n  a n d  th e n  re le a s e d
, 

it

Y r  5 4  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



1 2 -

c o n c lu d e d  th a t q n ly  th e  m a s s  a n d  s p rin g  c o n s ta n t d e te rm in e  th e ir m o tio n s

B y c o m p a rin g  th e  h o riz o n ta ı a n d  v e rtic a l s p rin g
-

. "

â
s y s te  m .

, 
it c a n  b e

1 ,  ľL
.  m h  c o m p a rin g  w ith  a  = -

a J  

2  

y , a n d 
L n t ¢Ĥ łĻ l

lo n e ro ¢m

ţ î  · b'

- ky  =  m a

- k (e  +  y ) +  m g
- m a

F
. ılu ū n g

一
田 a

B y  N e w to n
'

s  2
"

la w

O n c e  th e  b lo c k  is  p u lle d  d o w n  a n d  re le a s e d , th e  re s to rin g  fo rc e  is

k  m g
- k e  ( k .  j

fo rc e  a n d  th e  w e ig h t o f th e  b lo c k

T h e  in itia l s ta tic  e q u ilib riu m  is  c h a ra c te ris e d  b y  a  b a la n c e  b e tw e e n  th e  e la s tic

F ig .  1 0 .  1 .  1 1

E q u iıb riu m - -

d is p ıa c e m e n t y  (p o s itiv e  d ire c tio n  d o w n w a rd ) a n d  re le a s e d  a s  s h o w n  in  F ig .

re s t a t th e  e q u ilib riu m  p o s itio n .  T h e  b lo c k  is  th e n  g iv e n  a n  a d d itio n a l d o w n w a rd

s tre tc h e d  b y  a n  a m o u n t e  w h e n  a  b lo c k  o f m a s s  m  is  h u n g  o n  it a n d  re m a in s  a t

A  v e rtic a lly  s u s p e n d e d  s p rin g  o f n e g lig ib le  m a s s  a n d  fo rc e  c o n s ta n t k  is

V e rtic a l
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1 3 -

ď
la  L

Ųŕ f  T

t 

jı m rl of

F o r m u la  C o m p a rin g  w ith  a  = -

-

s
2
s , a n d

S
- m g r  

= m 8

F
传 * \o đn g

. 田

B y N e w to n
'

s  2
n d  

la w

s in o  R i o  a n d  Fm*e w
- m g o - - m g

"

N

'

&   

· 

\ ī

S in c e  e  is  v e ry  s m a lı, b y s m a lı a n g le  a p p ro x im a tio n ,

F lg .  1 0 .  1 .  13

L

.  

g  s ï 

c o s  e

: e

b b = iw

F
.  s lo tin g  

= -

m g  s in  e

T h e  re s to rin g  fo rc e  is  th e  ta n g e n tia l c o m p o n e n t o f m g

F ig .  1 0 .  1 .  1 2

g h t

: e

W h e n  th e  b o b  is  d is p la c e d  b y  a  s m a lı a n g le  e  l« 1 0  
°

), it is  d is p la c e d  b y  a  d is ta n c e

a c tin g  o n  th e  b o b  a re  th e  te n s io n  T  in  th e  s trin g  a n d  th e  w e ig h t m g  o f th e  b o b .

S im p ıe  P e n d u ıu m  A  s im p le  p e n d u lu m  c o n s is t s  o f  a  b o b  s u s p e n d e d  b y  a  lig h t s tr in g .  T h e  fo rc e s
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(  0 0 00 � t m

) t <  
I t \

U  

m

'
P la te

re m a in s  in  c o n ta c t w ith  it?

E x a m  p ıe  4  

th e  m a x im u m  a m p litu d e  o f v ib ra tio n  s o

'

th a t

'

fin e  s a n d  o n  th e  p la te  a lw a y s

(d ) T h ro u g h  w h a t d is ta n c e  w iıl th e  o b je c t m o v e  in  th e  firs t 0 .  7 5  s ?

(c ) W h a t is  th e  m a g n itu d e  o f its  a c c e ıe ra tio n  w h e n  it is  2 .  5  c m  a b o v e  O ?

(b ) W h a t is  th e  s p e e d  o f th e  m a s s  a s  it p a s s e s  th ro u g h  0 ?

th e  lo w e r e n d  o f th e  s p rin g ?

(a ) W h a t is  th e  e
'

x te n s io n  o f th e  s p rin g  w h e n  th e  m a s s  is  h u n g  a t re s t fro m

v ib ra te s  w ith  S .  H .  M .  w ith  a  p e rio d  o f 2 .  0  s .

o b je c t is  p u ıle d  d o w n  5 .  0  c m  b e lo w  its  e q u ilib riu m  p o s itio n  0  a n d  re le a s e d
, 
it

A n  o b je c t o f m a s s  0 .  2 0  k g  is  h u n g  fro m  th e  lo w e r e n d  o f a  s p rin g .  W h e n  th eE x a m p ıe  3
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E
p  

=  :.  a ) 
2
.  

Z

E
,

= 紐
'

b y

T h e  p o te n tia l e n e rg y  E p a t a  d is p la c e m e n t x  fro m  its  e q u ilib riu m  p o s itio n  is  g iv e nE p  v a r ie s  w it h  x

w h e re  x o  is  t h e  a m p lit u d e  o f  th e  m o t io n .

E
, 

=  

2 
m v

z

T h e  k in e tic  e n e rg y  E k a t a  d is ta n c e  x  fro m  its  e q u ilib riu m  p o s it io n  is  g iv e n  b yE i, v a r i e s  w it h  x

d is ta n c e  fro m  th e  e q u ilib ń u m  p o s itio n .

L e t u s  n o w  s e e  h o w  th e  k in e tic  a n d  p o te n tia t e n e rg ie s  o f th e  o s c illa to r v a ry  w ith

o th e r re s is ta n c e  to  m o tio n .

it is  s ta rte d .  W e  a re  a s s u m in g  th a t th e re  is  n o  e n e rg y  lo s s  a s  a  re s u lt o f  fric tio n  o r

L e t u s  c o n s id e r a n  id e a l o s c illa to r , w h ic h  w o u ld  c o n tin u e  to  o s c illa te  fo re v e r o n c e

in  S .  H .  M  a  h o riz o n ta l fric tio n ïe s s  s u rfa c e  a b o u t th e  e q u ilib riu m  p o s itio n  O

V a ria tio n  o f E n e rg y  S u p p o s e  t h a t a  b o d y  o f  m a s s  m , w h ic h  is  a tta c h e d  to  a  lig h t s p rin g , o s c illa te s  o n

elM i \ t a  r ļ ,  ţ h

th e  s u m  o f its  k in e tic  e n e rg y  a n d  p o te n tia l e n e rg y .

v e r sa .  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  o f tfıe  s y s te m  is  e q u a l to

a  c o n tin u a l c h a n g e  o f e n e rg y  fro m N n e tic  energmpotëiitiaı£ii
,  

a n d  vic e -

T h e  k in e tic  e n e rg y  o f a n  o s c illa tin g  b o d y  c le a rly  v a rie s  d u rin g  th e  C .  T h e re  is

P o te n t ia l F n e rg y

b e tw e e n  K in e t ic  a n d  S  a n d  s o  its  to ta l e n e rg y  re m a in s  c o n s ta n t w ith  tim e .

ın te rc h a n g e  F o r  a  s im p le  h a rm o n ic  o s c illa to r , t h e  s y s te m  d o e s m R ïiđāiriś t : dissipátiä

1 o .  2  ı a M H n l e  H a rm o n ic  M o tio n
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rith

a n d

E t v a rie s  w ith  t

- ĝ - (- X
.  
m  s in  {【) tf

E ,  
=  

2  
m v

z

e n e r9 V  E p a t tim e  t a re  g iv e n  b y

S u p p o s e  x  =  x
.  

c o s m t a n d  v  = - x
.  

m s in a tt , th e  k in e tic  e n e rg y  a n d  p o te n tia l

E  w ith  d is p ıa c e m e n t )

V a r ia tio n  o f  E . , E
p  

a n d

E - į m co
2

=  F o r m u la

E  is  c o n s t a n t 2

-

1 
m 2  x

.  

2
_

x

z  

+  

1 
m m

z  
x  

2

E - E ,  +  E
p

T h e  to ta l e n e rg y  E  a t d is p la c e m e n t x  is  g iv e n  b y
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1 7 -

T h e  * e q u e n c y  o f th e  e n e rg y  v a ria tio n  is  tw ic e  th a t o f th e  m o tio n .

■
■
■

てノ 四国

h  /  L
.

E w ith  tim e  t

V a ria tio n  o f  E u  E p  a n d

T h e  g ra p h  in  F ig .  1 0 .  2 .  4  s h o w s  th b  v a ria tio n  o f E k , 
E

p  
a n d  E  w ith  tim e  Ł

E is  c o n s ta n t w it h  t  T h u s  a t a n y  in s ta n t t h e  to t a l e n e rg y  is  g iv e n  b y  E  = - m m  
2  
x

o  

2

, a s  b e fo re .
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1 8 -

N o te  : S e e  s e if- c h e c k  Q 9  fo r th e  e n e rg y
- d is p la c e m e n t g ra p h s

O .  Q1 ŝ m

' TIĻ ( Ü.  oj

ı f   ·

e q m  p o s itio n -
w o r k  tęt? b y external fo rc e  t o  b r n g  m a s s  t o  t h a t p o s it io n

(a ) A s s u m in g  p o te n tia ı e n e rg y  o f th e  o s c iıla tin g  s y s te m  a t e q u ilib riu m  is  z e ro ,

S o lu t io n

u n - s tre tc h e d  a n d  e q u iıib riu m  p o s itio n . )
(T a k e  th e  z e ro  le v e l fo r g ra v ita tio n a ı p o te n tia l e n e rg y  to  b e  m id w a y  b e tw e e n  th e

q u a rte r o f its  m a x im u m  v a lu e .

(c ) th e  d is ta n c e  fro m  th e  e q u ilib riu m  p o s itio n  w h e n  th e  k in e tic  e n e rg y  is  o n e

(b ) th e  m a x im u m  v e lo c ity  o f  th e  m a s s ,

a s s u m in g  it is  z e ro  a t th e  e q u ilib riu m  p o s itio n .

(a ) th e  m a x im u m  v a lu e  o f th e  p o te n tia l e n e rg y  o f th e  o s c iıla tin g  s y s te m ,

R e fe r  t o  F ig .  10 .  1 .  1 1 a n d  th e n  re le a s e d .  C a lc u la te

2 0  N  m
4

.  T h e  m a s s  is  d is p la c e d  a  d is ta n c e  5 .  0  c m  b e lo w  th e  e q u ilib riu m  p o s itio n

E x a m p le  5  
A  m a s s  o f o .  5 0  k g  is  a tta c h e d  to  a  lig h t s p rin g  w h ic h  h a s  a  fo rc e  c o n s ta n t o f
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ıq tłtm ĵ  \ tn  \  Ąr
e

d is p la c e m e n t o f a n  o s c illa tin g  b o d y .

T h e  fo llo w in g  g ra p h s  s h o w  h o w  d iffe re n t d e g re e s  o f d a m p in g  a ffe c t th e

p o s itio n .

p re v e n t th e  s y s te m  fr o m  o s c illa tin g  a n d  it w ill ju s t re tu rn  to  its  e q u ilib riu m

d e p e n d  o n  th e  m a g n itu d e  o f th e  d a m p in g .  In  c e rta in  c a s e s  th e  d a m p in g  m a y

a m o u n t o f re s is ta n c e  to  th e  o s c illa tio n ) .  ın  p ra c tic e , t h e  m o tio n  o f a n  o s c illa to r w ill

T h e  d e g re e  o f d a m p in g  d e p e n d s  o n  th ë  magīiitūdëönhTeiáiďiing r jæ č d  (o r th eD e g r e e s  o f  D a m p in g

Ţrê ăūēiiĉ y
'

ă1ďãiiripmmim is  ıe s s  tiìá ii th e  u nðãi i i pæmÆm
A  fu ll m a th e m a tic a l a n a ly s is  o f W W  h a rm o n ic  m o tio n  s h o w s  th a t th e

t ' 3

s a m e  fra c tio n  d u rin g  e a c h  v ib ra tio n .  I

l .

,

'

L   ·  · w
ļ _ \

in  a m p litu d e  is  e x p o n e n tia l.  T h is  m e a n s  th a t th e  a m p litu d e  d e c re a s e s  b y  th e

F o r a  d a m p in g  fo rc e  w h ic h  is  p ro p o rtio n a l to  th e  v e ıo c ity  o f  th e  m a s s , t h e  d e c a y

s y s te m s

D a m p e d  O s c ilıa t io n s  T h e .  o s c illa to ry  m o tio n s  th a t h a v e  b e e n  d is c u s s e d  s o  fa r h a v e  b e e n  fo r id e a l

ıE n m e d  a n d  F o r c e d  O s c iıla tio n s  R e s o n a n c e
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H e a v y  D a m p ın g

F ig .  1 0 .  3 .  7

=   · r ı  1  : 0  B Eı 3 0 4 , 0  5 0

F ig .  1 0 .  3 .  6

u *6 h .  E=  ,

F ig .  1 0 .  3 .  5

C r itic a l D a m p in g

ig h t D a m p in g

D a m p e d  O s c illa tio n s

E n e rg y  V a r ia tio n  o f

re tu rn  to  its  e q u ilib riu m  p o s itio n .  (F ig .  10 .  3 .  4 )

H e a w  D a m p į ņ g  re s u lts  in  n o  o s c illa tio n  a n d  th e  s y s te m  ta k e s  a  lo n g  tim e  to

e q u iıib riu m  p o s itio n  in  th e  s h o rte s t tim e .  (F ig ,  10 .  3 .  3 )

tiç a l D a m p į ņ g  re s u lts  in  n o  o s c illa tio n  a n d  th e  s y s te m  re tu rn s  to  th e

u n d a m p e d  * e q u e n c y .  (F ig .  10 .  3 .  2 )

e x p o n e n tia lly  w ith  tim e .  T h e  fre q u e n c y  o f o s c illa tio n s  is  s lig h tly  s m a lle r th a n  th e

D a m p in g  
m h t D a m p in g  re s u lts  in  o s c illa tio n s  w h e re b y  th e  a m p litu d e  d e c a y s

T h r e e  C a te g o r ie s  o f

Y r  5 4  P H Y S ıC S  D E P A  R T M E N T

R A F F L E S  ı N S T ıT U T ıO N



r  
· 

2 2 -

s y s te m  is  re a d y  fo r th e  d ro p  in  ro a d  s u rfa c e .  A fte r Q , it is  re a d y  fo r a n o th e r

F ig .  10 .  3 .  9 s h o w s  th a t b y  th e  tim e  th e  c a r h a s  re a c h e d  P  th e  s h o c k  a b s o rb in g

d a m p in g -

c o n d itio n  o f  c r it ic a ı

s y s te m  is  c ıo s e  to

th a t t h e  s u s p e n s io n

o f  d a m p in g  is  a d ju s t e d  s o

m a n n e r  a n d  t h e  a m o u n t

d o w n  in  a  d a m p e d

a ï ıo w  it  t o  m o v e  u p  a n d

flu id .  H o ı e s  o n  t h e  p is t o n

c o n t a in in g  a  v is c o u s

m o v e s  in  a  c y ıin d e r

c o n s is ts  o f  a  p is t o n  t h a t

A  s h o c k  a b s o r b e r

H o w s t u Ħ w o r k s  w e b s ite )

(D ia g r a m  f ro m

F ig .  1 0 .  3 .  8
Cn  Ï  JīPtnn

'

llì īy$l4r

fo llo w  th e  b u m p  in  th e  ro a d .

a ııo w in g  th e  fra m e  a n d  b o d y  to  rid e  n e a rıy  u n d is tu rb e d  w h ile  th e  w h e e ıs  a n d  tire s

s u s p e n s io n  s y s te m  w ilı a b s o rb  th e  e n e rg y  o f th e  v e rtic a lly  a c c e ıe ra te d  w h e e l,

th e  d o w n w a rd  fo rc e  o f g ra v ity ,  
th e  tire s  c a n  s ıa m  b a c k  o n to  th e  ro a d  s u rfa c e .  T h e

u p w a rd s
, 

a n d  th e  tire s  c a n  lo s e  c o n ta c t w ith  th e  ro a d  c o m p le te ly .  T h e n
, 

u n d e r

im p e rfe c tio n s  (e .  g .  a  b u m p ) , is  tra n s fe rre d  to  th e  c a r fra m e , w h ic h  m o v e s

W ith o u t th e  s u s p e n s io n  s y s te m , th e  w h e e ls  
'

v e r t ic a ı m o tio n ,  d u e  to  ro a d

s h o c k  a b s o rb e r .

th e   · b o d y  a n d  th e  p a s s e n g e rs , a n d  c o n s is ts  o f a  s p rin g  w h ic h  is  d a m p e d  b y  a

o f c a rs .  T h e  s u s p e n s io n  is  th e  lin k  b e tw e e n  th e  w h e e ls  a n d  a x le s  o f  a  c a r a n d

illu s tra te d  w e ll b y  th e  tro u b le  w h ic h  c a r m a n u fa c tu re rs  ta k e  w ith  th e  s u s p e n s io n

S u s p e n s io n  S y s te m  

t o o  lo n g  
a  t im e  w h e n  t h e  s y s t e m  c a n n o t  r e s p o n d  t o  f u r t h e r  d is t u r b a n c e s .  T h is  is

D a m p in g  C a r  
r e s u lt s  in  a  la r g e  n u m b e r  o f  o s c iłla t io n s : to o  m u c h  d a m p in g  le a d s  t o  t h e r e  b e in g

Im p o r t a n c e  o f  C r  rt ic a ı T h e  d e g
r e e  o f  d a m p in g  o f  a  m e c h a n ic a l s y s t e m  is  im p o r t a n t .  T o o  little  d a m p in g

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 IT U T ıO  N

夕

伊



F ig .  1 0 .  3 .  1 0

2 3 -

v ib ra te  a t s o m e  fre q u e n c y  o th e r th a n  its  o w n  n a tu ra ı fre q u e n c y  o f v ib ra tio n .

T h e  s e tu p  is  u s e d  to  d e m o n s tra te  w h a t h a p p e n s  w h e n  a  s y s te m  is  m a d e  to

d riv e r p e n d u lu m .  A ll th e  p e n d u lu m s  a re  s u s p e n d e d  fro m  th e  s a m e  s trin g .

E ) a n d  o n e  p e n d u lu m  w ith  a  h e a v y  b o b  (X ) .  T h is  m a s s iv e  p e n d u lu m  is  c a lle d  th e

v e ry  lig h t p e n d u lu m s  (m a d e  fro m  p a p e r c o n e s ) o f v a ry in g  ıe n g th  (A , B , C , D  a n d

F ig .  10 ,  3 .  10  s h o w s  a  s e tu p  o f B a rto n
'

s  p e n d u lu m s .  It c o n s is ts  o f a  n u m b e r o f

D e m o n s t ra t io n  U s in g  B a r to n
'
s  P e n d u ıu m s

e x te r n a l d r iv in g  f o æ .  T h e  fo rc e  is  a ıs o  k n o w  a s  a  d riv e r .

reed -
osciılatio.  A r e  

p
r o d u c e d  w h e n  a - b o d ir - i ś i t i j m ä T T m M a

a p p lie d  to  o p p o s e  th e  d a m p in g  fo rc e s .

d is s ip a te d  to  th e  s u rro u n d in g s  a n d  w ith in  th e  s y s te m .  A  fo rc e  m u s t th e re fo re  b e

a m p litu d e ,  th e n  e n e rg y  m u s t b e  s u p p lie d  a t th e  ra te  a t w h ic h  e n e rg y  is  b e in g

a n d  R e s o n a n c e  b e in g  lo s t fr o m  t h e  s y s te m .  If w e  w is h  to  m a in ta in  th e  v ib ra tio n s  a t c o n s ta n t

F o r c e d  O s c illa t io n  S in c e  a ll m a c ro s c o p ic  m e c h a n ic a l o s c illa tio n s  a re  d a m p e d ,  e n e r g y is  c o n tin u a lly

=  th e  s h o rte s t p o s s ib ıe  tim e  w ith o u t o s c iıla tin g .

to  b e  c ritic a lly  d a m p e d  s o  th a t th e  p o in te r c o m e s  q u ic k ly  to  th e  c o rre c t p o s itio n  in

ın s tru m e n ts  s u c h  a s  a n a lo g u e  b a la n c e s  a n d  e ıe c tric a l m e te rs  a re  a ls o  d e s ig n e d

th e  p a s s e n g e r m u s t ris e  a n d  d ro p  e v e n tu a ıly  b y  th e  h e ig h t o f th e  b u m p .

fo rc e s  a p p ıie d .  ıt c a n n o t e lim in a te  th e m  b e c a u s e , 
c ıe a rıy ,  

in  th e  a b o v e  d ia g ra m ,

e ffe c t o n  a  p a s s e n g e r  in  a  c a r .  T h e  s h o c k -

a b s o rb in g  s y s te m  c a n  o n ly  re d  u c e  th e

in  ro a d  s u rfa c e .  S o  ıo n g  a s  th e re  a re  b u m p s  o n  a  ro a d  th e n  th e s e  m u s t h a v e  a n

b y  th e  tim e  P  is  re a c h e d  a n d  s o  w o u ld  n o t b e  a b ıe  to  re s p o n d  to  th e  s u d d e n  d ro p

A  h e a v ily  d a m p e d  s h o c k  a b s o rb in g  s y s te m  w o u ld  s till h a v e  a  c o m p re s s e d  s p rin g

u n c o n tro lla b le  c a r .

e x tre m e ly  b o u n c y  a n d  u n c o m fo rta b ıe  rid e  a n d
,  
d e p e n d in g  o n  th e  te rra in , a n

p u t in to  it is  u s e d  u p ,  A  s u s p e n s io n  b u iıt o n  s p rin g s  a ıo n e  w o u ld  m a k e  fo r a n

w ill c o n tin u e  to  b o u n c e  a t its  n a tu ra ı fre q u e n c y  u n til a ıı o f th e  e n e rg y  o rig in a ııy

th e  e n e rg y  it a b s o rb s  fro m  th e  ris e  o f a  b u m p  a t a n  u n c o n tro lle d  ra te .  T h e  s p rin g

re ıe a s e

W ith o u t th e  s h o c k  a b s o rb e r , a  c a r  s p rin g , a fte r a  c o m p re s s io n , w iıl e x te n d  a n d
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a p p ro x im a te ly  e q u a l to  f.  ·

T h e  o s c illa tio n s  w ith  la rg e s t a m p litu d e  (i.  e .  Re s o n a n c e ) o c c u r w h e n  f  is

f.  o f  t h e  s y s t e m  (i.  e .  J ĦI E E & L I ū Øı.

2 .  Th e  re la tiv e  v a lu e s  o f th e  d riv in g  fre q u e n c y  f a n d  th e  n a tu ra l fre q u e n c y

1 .  Th e  o f th e  s y s te m ,

T h e  a m p litu d e  o f a  fo rc e d  o s c illa tio n  d e p e n d s  u p o n

a re  m a d e

F o r a  fo rc e d  o s c iııa tio n , w h e n  c o n d itio n s  a re  s te a d y , th e  fo llo w in g  o b s e rv a tio n s

F ıg .  10 ,  3 .  1 1

N a tu r a l fre q
u e n c y  1, o

D r iv in g  ń«luency / H z

łlb  m r ï f  
W q } « 4

:.T  j Į X p  n g

-ą c ¢ır  \ ¡! 

g

F r e q u e n c y  d a m p e d  a t  d iff e r e n t  d e g re e s .

V a r ia tio n  o f  A m p litu d e  
F ig .  1 0 .  3 .  1 1 is  a  fre q u e n c y  re s p o n s e  g ra p h  w h ic h  s h o w s  h o w  th e  a m p litu d e  x .  o f

w ith  D r iv in g  
a  f o r c e d  o s c illa t io n  d e p e n d s  o n  t h e  d r iv in g  f r e q u e n c y  f  w h e n  t h e  s y s te m  is  

=

d riv e n  s y s te m .

e n e rg y  is  b e in g  tra n s fe rre d  b y  w a y  o f th e  s trin g  fro m  th e  d riv in g  s y s te m  to  th e

th e  la rg e s t a m p litu d e .  T h is  is  a n  e x a m p le  o f r e s o n a n c e .  A t re s o n a n c e , m a x im u m

th u s  h a s  th e  s a m e  n a tu ra l fre q u e n c y  a s  p e n d u lu m  X , is  o b s e rv e d  to  o s c illa te  w ith

fre q u e n c y  o f th e  d riv in g  o s c illa to r .  P e n d u lu m  C , w h ic h  h a s  th e  s a m e  le n g th  a n d

m a x im u m  w h e n  th e  n a tu ra l fre q u e n c y  o f th e  d riv e n  s y s te m  is  e q u a l to  th e

T h e  B a rto n
'

s  p e n d u [u m s  e x p e rim e n t s h o w s  th a t th e  fo rc e d  v ib ra tio n s  a re  a t th e
R e s o n a n c e

p e n d u lu m  to  th e  d riv e n  p e n d u lu m s .  T h is  is  a n  e x a m p le  o f lo rc e d  o s c illa tio n s .

th e ir o w n  n a tu ra l fre q u e n c y .  E n e rg y  is  b e in g  tra n s fe rre d  fro m  th e  d riv e r

th e  p e n d u lu m s  a re  a ll fo rc e d  to  o s c illa te  a t a  fre q u e n c y  w h ic h  is  n o t th e  s a m e  a s

th e m  a ll o s c illa te  a t its  o w n  f re q u e n c y .  G ra d u a lly , th e  d r iv in g  p e n d u lu m  w in s  a n d
'

fre q u e n c y  (d e te rm in e d  b y  th e ir le n g th ) w h ile  th e  d riv in g  p e n d u lu m  tr ie s  to  m a k e

In itia lly , it is  v e ry  c h a o tic  ; th e  p e n d u lu m s  te n d  to  o s c illa te  a t th e ir o w n  n a tu r a l

T h e  m o tio n  o f th e  B a rto n
'

s  p e n d u lu m s  c a rl b e  d iv id e d  in to  tw o  d is tin c t s e c tio n s .

F o r c e d  O s c illa t io n s
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is  th a t n o  io n is in g  ra d ia tio n  is  in v o lv e d .

e q u ilib riu m  s ta te .  O n e  m a jo r a d v a n ta g e  o f m a g n e tic  re s o n a n c e  u s e d  in  th is  w a y

d iĦe re n t tis s u e s  is  d e te rm in e d  b y  th e  ra te  a t w h ic h  e x c ite d  a to m s  re tu rn  to  th e

e n c o d e  p o s itio n  in fo rm a tio n  b y  v a ry in g  th e  m a g n e tic  fie ld .  T h e  c o n tra s t b e tw e e n

(M R I) in  th e  m e d ic a l fie ld .  T h e  ra d io  fre q u e n c y  s ig n a ls  e m itte d  a re  m a d e  to

M a g n e tic  re s o n a n c e  is  a ls o  b e in g  u s e d  in s te a d  o f X -
r a ys  a s  a n  im a g in g  s y s te m

p ro c e s s e s .

te c h n iq u e  to  s tu d y  c o m p le x  m o le c u le s  a n d  th e  p a rt th e y  p la y  in  b io lo g ic a l

o f p a rtic u la r m o le c u le s  w ith in  a n y  s p e c im e n  a n d  b ìo c h e m is ts  a re  u s in g  th e

a b s o rb e d .  T h e  p a tte rn  o f e n e rg y  a b s o rp tio n  c a n  b e  u s e d  to  d e te c t th e  p re s e n c e

w ill b e  m a n y  re s a n a n t fre q u e n c ie s , a n d w h e n e v e r re s o n a n c e  o c c u rs  e n e rg y  is

a to m s  to  o s c illa te  a n d  e m it ra d io  fre q u e n c y  s ig n a ls .  ın  a n y  g iv e n  m o le c u le  th e re

E n e rg y  fro m  s tro n g  o s c illa tin g  m a g n e tic  fie ld s  is  u s e d  to  c a u s e  th e  n u c le i o f

hÆ ņ ę tį ç = ș p ņ a rıæ

th a n  w o u ıd  b e  p ro d u c e d  b y  th e  s trin g  a lo n e .

th e  g u ita r) a ll v ib ra te  p ro d u c in g  m u c h  g re a te r v ib ra tio n s  in  th e  s u ıT o u n d in g  a ir

(e .  g .  a  g u ita r b o d y ) a n d  th e  m a te ria l o f th e  in s tru m e n t (th e  th in  w o o d e n  b o d y  o f

T h is  is  d o n e  b y  c o u p lin g  th e  v ib ra tin g  s trin g  to  a  re s o n a to r .  T h e  a ir in s id e  a  c a v ity

in s t r u m e n t  l o u s t i c  r e s o n a n c e )

ın c r e a s in s  t h e  in t e n s tB 】 o f  a  n o te  p r o d u c e d  s t r in g  in  a  m u s ic a ı

* e q u e n c y .

m  Ì o  U u ło  tu n in g  c irc u itry  u s e s  re s o n a n c e  to  is o la te  a n d  a m p lify  th e  s ig n a ı o f  th e - re q u ire d

ų t \ 
1 w \ Ł N  

f r e q u e n c y  o f  t h e  e le c tr ic a l c ir c u it e q u a l to  t h e  f r e q u e n c y  o f  t h e  s ig n a l .  H e n c e  th e

w h ic h r e s o n a n c e is  
T h e  e le c t r o n s  in  a  r a d io  re c e iv in g  a e r ia l a re  fo r c e d  t o  v ib r a te  b y  t h e  r a d io  w a v e

u s e fu ı

C ir c u m s ta n c e s in  T u n in g  a  r a d io  r e c e iv e r  ( E le c t r ic a l r e s o n a n c e }
altĹtnc\

iūäı tó ih e  na ti rá lf r eq ue nc y o f th e  d riv e n  s ýśiéiiH

d e l fn itfo n  l ń w  ıir tho  w w w g .  
fo ıce _ iđ

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  Io  a n

10 .  3 .  1 1 (iv ) , (v ))

4 .  W h e n  d a m p in g  is  c ritic a ı o r h e a v y ,  th e  re s o n a n c e  is  fla t .  (F ig .

1 0 .  3 .  1 1 (iii))

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 fre q u e n c y  o f th e  b o d y .  (F ig .

d e c re a s e s .  T h e  c u rv e  fa lls  o ff 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

3 .  W h e n  th e  d e g re e  o f d a m p in g  in c re a s e s ,  th e  a m p litu d e  a t re s o n a n c e

th e  b o d y .  T h e  re s o n a n c e  is  s h a rp .  (F ig .  1 0 .  3 .  1 1 (ii))

d riv in g  fre q u e n c y  o f th e  b o d y  d iffe rs  s ıig h tıy  fro m  th e  n a tu ra ı fre q u e n c y  o f

2 .  W h e n  d a m p in g  is  lig h t , th e  a m p litu d e  is  la rg e  b u t fa ıls  o ff ra p id ly  w h e n  th e

(F ig .  1 0 .  3 .  11(i

1 .  W h e n  th e re  is  n o  d a m p in g , th e  a m p litu d e  o f re s o n a n c e  b e c o m e s  in fin ite .

T h e  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
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b u ild in g  u p  in  th e  s y s te m .

s a tis fie d  th a t th e  d e s ig n  fe a tu re s  w ilı p re v e n t e x tre m e ıy  ıa rg e  a m p litu d e s  fro m

s tru c tu re s  o f
, fo r e x a m p le , b rid g e s , b u ild in g s  a n d  a e ro p la n e s  b e fo re  th e y  a re

A s  s u c h , e n g  in e e rs  h a v e  to  c a ıT y  o u t e ıa b o ra te  v ib ra tio n  te s ts  o n  m o d e l

b u s  c a n  v ib ra te  v io le n tly  a t a  p a rtic u ıa r e n g in e  s p e e d .

A  m o re  m u n d a n e  e x a m p le  o f re s o n a n c e  is  th e  w a y  in  w h ic h  th e  b o d w w r k  o f a

ta lle r o r s h o rte r b u ild in g s  w e re  u n a ffe c te d .

b e c a u s e  th e ir n a tu ra l * e q u e n c y  m a tc h e d  th a t o f th e  s e is m ic  w a v e s , w h e re a s

e a rth q u a k e  in  M e x ic o  in  1 9 8 5 .  M a n y  in te rm e d ia te - h e ig h t b u ild in g s  c o lıa p s e d

R e s o n a n c e  w a s  a ıs o  th e  c a u s e  fo r th e  c o lla p s e  o f s o m e  b u ild in g s  d u rin g  a  m a jo r

s tre n g th  o f th e  s u s p e n d e r c a b le s .

p ro d u c e d  u n s ta b le  o s c iıla tio n s  w ith  in c re a s e d  a m p ıitu d e  th a t w e re  b e y o n d  th e

W a s h in g to n .  T h e  b rid g e
'

s  n a tu ra ı m o d e  o f v ib ra tio n  c o u p le d  w ith  th e  w in d  fo rc e s ,

c a u s e d  th e  c o ıla p s e  o f th e  T a c o m a  N a rro w s  B rid g e  in  th e  U .  S .  s ta te  o f

A  m o re  m o d e r n  b r id g e  d is a s te r o c c u ıT e d  in  1 9 4 0  w h e n  w in d - in d u c e d  o s c illa tio n s

to  b re a k  th e  b rid g e .

c ro s s in g  a  b rid g e .  T h e  s o ld ie rs
'

m a r c h in g  c a u s e d  s u ffic ie n t v ib ra tio n  a n d  tw is tin g

th a t tim e , it h a s  b e e n  c o m m o n  p ra c tic e  to  o rd e r s o ıd ie rs  to  b re a k  s te p  w h e n

s u s p e n s io n  b rid g e  w h e n  it c o lla p s e d , r e s u ltin g  in  th e  d e a th s  o f 2 2 0  m e n .  S in c e

A t A n g e rs , F ra n c e  in  1 8 5 0 , a  F re n c h  in fa n try  b a tta lio n  w a s  m a rc h in g  o v e r a

s tru c tu re  m a y  ru p tu re  it .

fre q  u e n c ie s , r e s o n a n c e  is  s a id  to  o c c u r a n d  th e  re s u ltin g  o s c illa tio n s  o f th e

s tru c tu re  is  s u b je c te d  to  a  s tro n g  e x te rn a ı d riv in g  fo rc ė  th a t m a tc h e s  o n e  o f th e s e

A ıı m e c h a n ic a ı s tru  c tu re s  h a v e  o n e  o r m o re  n a tu ra l fre q u e n c ie s , a n d  if a

H o w e v e r , r e s o n a n c e  is  n o t a lw a y s  u s e fu ı.

s h o u ıd  b e  a v o id e d

w h ic h  re s o n a n c e

c ir c u m s t a n c e s  in

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 ıO N



27 -

4 r w \  h Ħ h

'

. '
' ' LĮ  N Į . .  SH M   · L  ı

- jtA þw , Ų  \

p ro je c tio n  o f th a t p o in t to  th e  d ia m e te r o f th e  c irc le  m o v e s  in  S .  H .  M .

T h e  m o d e ı s h o w s  th a t w h e n  a  p o in t m o v e s  in  a  u n ifo rm  c irc u ıa r m o tio n
, 
th e

T - į

T h e  p e rio d  o f N  (tim e  ta k e n  fo r N  to  g o  fro m  A  to  B  a n d  b a c k  a g a in ) is  g iv e n  b y

T h u s  N  is  in  S .  H .  M .

T h e  a c c e ıe ra tio n  o f  N  is  th e  c o m p o n e n t o f  th e  a c c e ıe ra tio n  o f  P  p a ra ııe ı to  A B

x  =  x
.  

c o s  e  =  
x

.  
c o s  ú o t

e  =  a )  t

A fte r a  tim e  t,  
·

A s s u m e  th a t t =  
O  w h e n  e  

=  
O  (i.  e .  t =  O  w h e n  x

-
x o  o r  w h e n  t h e  

p
o in t  N  is  a t  B ).

T h e  c e n trip e ta ı a c c e le ra tio n  o f  P  is  x
.  

m

2

, d ire c te d  to w a rd s  0 .

c irc ıe ,  N  m o v e s  to  a n d  fro  a ıo n g  A O B .

p ro je c tio n  o f  P  to  th e  d ia m e te r A O B  o f th e  c irc le .  A s  P  m o v e s  s te a d iıy  ro u n d  th e

P o in t P  m o v e s  in  a  c irc le  o f ra d iu s  x .  a t  a  s t e a d
y  

a n g u la r  v e ıo c it
y  a ) .  N  is  th e

R e la tio n s h ip

P
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島

o s c illa tio n , o r
, m o r e  u s u a lly , 

a s  a n  a n g le , m e a s u r e d  in  ra d ia n s .

b y w h ic h  o n e  is  a h e a d  o f th e  o th e r .  It c a n  b e  e x p re s s e d  a s  a  fra c tio n  o f a n

P h a s e  d iñ e re n c e  b e tw e e n  tw o  o s c illa to rs  is  th e  fra c tio n  o f a  c o m p le te  o s c illa tio n

の

to  th e  rig h t .  T h is  m o tio n  w o u ıd  b e  s a id  to  la g  b y  tim e  .

ıf th e  m o tio n  w a s  d e s c rib e d  b y  x  =  x
.  

c o s  (a t - ¢) ,  th e  g ra p h  w o u ld  b e  d is p la c e d

ıe ft .

in d ic a te s  th a t th is  m o tio n  te a d s  b y  tim e  a n d  s o  th e  g ra p h  is  d is p ıa c e d  to  th e

ti>

b y  x
o  

c o s m t .  It is  o u t o f  p h a s e  b y  a n g ıe  ¢ (ra d ia n ) o r tim e  .  T h e  p lu s  s ig n

T h e  m o tio n  d e s c rib e d  b y  x = x
.  

c o s  (t  + ¢) is  n o t in  p h a s e  w ith  th a t d e s c rib e d

tll

tim e  in te rv a l .

A  g ra p h  o f x =  x
.  

c o s  (a }t + ¢) is  th e  g ra p h  o f x
.  

c o s c o t  d is
p

ıa c e d  t o  t h e  le ñ  b
y  

a

t =  
0 .  E .  g .  If th e  p a rtic le  is  a t x -

x o  a t  t  
=  

O , t h e n  ¢
-

0 .

x o  a n d  ¢ a r e  d e te rm in e d  u n iq u e ly  b y  th e  p o s it io n  a n d  v e lo c it y  o f  t h e  p a r t ic ıe  a t

T h e  p h a s e  o f th e  m o tio n  is  th e  q u a n tity  (to t + ¢)  ·

¢ is  th e  p h a s e  c o n s ta n t o r th e  in itia ı p h a s e  a n g ıe .

P h a s e  D iĦe re n c c

P h a s e  C o n s ta n t

― ―
ミ

·
夕
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in
'

a n tip h a s e
'

.

T h e  tim e  d iffe re n c e  is  T /2 , t h e  p h a s e  d iĦe re n c e  is  rr ra d , a n d x  a n d  a  a re㈹

(ii) T h e  tim e  d iffe re n c e  is  T /4 , t h e  p h a s e  d iffe re n c e  is  tr f2  ra d
, 

a n d a  le a d s  v .

(i) T h e  tim e  d iffe re n c e  is  T 14 , th e  p h a s e  d iffe re n c e  is  n f2  ra d , a n d v  ıe a d s  x .

s o ıu tıo n

a n d  x ?

d ille r e n c e  a n d  th e  p h a s e  d ille r e n c e  b e tw e e n  (i) v  a n d  x , Oi) v  a n d  a
, 

a n d  (iii) a
R e fe r to  th e  g ra p h s  in  F ig .  10 ,  1 .  4 , F lg .  10 .  1 .  5  a n d  F ig ,  10 .  1 .  6 .  W h a t a re  th e  tiin e

E x a m p ıe

小

= >= >  ľ¢ =  . I
T  2 rr

&  t

:  
° 

U
p e ń o d  c a n  b e  c a ıc u ıa te d  u s in g  d is p la c e m e n t

T h e  p h a s e  d iffe re n c e  ¢ b e tw e e n  tw o  w a v e fo rm s  P  a n d  Q  h a v in g  th e  s a m e

th e  ń g b t.  x
3  
is  s a id  to  la g  x 1 b y  t im e  4

3
.  

T / 6 .

�le ñ .  T h e  m o t io n  d e s c rib e d  b y  x s
- x

.  
c o s  ú )  t  Į  is  th e  g ra p h  o f  x 1 d is p la c e d  to

in d ic a te s  th a t x 2  le a d s  x 1 b y  t im e  
3

.  T / 6  a n d  s o  t h e  g
r a p

h  is  d is p la c e d  t o  t h e

の
U

y  
4

1

-
4

0  

u ı J  w t .  ı L  ı o  u u \  Ų ı  

y

ı ı « r ų  u

j
r  

3  
ı = u ı= ıı v ı  · ıı ı ıw ' ' '

r
' " -

=
-

T h e  m o tio n  d e s c rib e d  b y  x
2

- x
o  

c o s  m t  +  Į  is  n o t in  p h a s e  w ith  th a t d e s c rib e d

a ) 
Ø

坐 坐

E x a m p le
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