
-

°  
n o t in  H 1 s y lla b u s

lig h t.  (T h e  s tru c tu re  a n d  u s e  o f th e  spectrometer a re  n o t re q u ire d . )

(m r  d e s c rib e  th e  u s e  o f a  d iffra c tio n  g ra tin g  to  d e te rm in e  th e  w a v e le n g th  o f

p rin c ip a ı m a x im a  p ro d u c e d  b y  a  d iffra c tio n  g ra tin g .

(I)
'

r e c a ll a n d  u s e  t h e  e q
u a t io n  d  s i n  e  =  

n  t o  lo c a t e  t h e  
p o s it io n s  o f  t h e

s in g le  a p e rtu re .

(k)
'

r e c a ll a n d  u s e  th e  R a y le ig h  c rite rio n  e .  À / b  f o r  t h e  r e s o ıv in g  p o w e r  o f  a

m in im a  fo r s in g le  s lit d iffra c tio n .

ü)
"

r e c a ıı a n d  u s e  t h e  e q u a t io n  s in  ß  ·  
j b  t o  lo c a t e  t h e  p o s it io n  o f  t h e  f ir s t

in te rfe re n c e  u s in g  lig h t .

(i) re c a lı a n d  s o lv e  p ro b le m s  u s in g  th e  e q u a tio n  À  =  a x /D  f o r  d o u b ıe
-

s ıit

in te rfe re n c e  fń n g e s  to  b e  o b s e rv e d .

(h) s h o w  a n  u n d e rs ta n d in g  o f th e  c o n d itio n s  re q u ire d  fo r tw o -
s o u r c e

n e w  in  H 2  s y lla b u s

in te rfe re n c e  u s in g  w a te r, ıig h t a n d  m ic ro w a v e s .

(g ) s h o w  a n  u n d e rs ta n d in g  o f e x p e rim e n ts  w h ic h  d e m o n s tra te  t w s o u r c e

a n d  a  n a rro w  g a p .

in c lu d in g  th e  d iffra c tio n  o f  w a te r w a v e s  in  a  rip p le  ta n k  w ith  b o th  a  w id e  g a p

s h o w  a n  u n d e rs ta n d in g  o f e x p e rim e n ts  w h ic h  d e m o n s tra te  d iffra c tio n

(e ) e x p ıa in  th e  m e a n in g  o f th e  te rm  d iffra c tio n .

id e n tify  n o d e s  a n d  a n tin o d e s .

(d ) e x p ıa in  th e  fo rm a tio n  o f a  s ta tio n a ry  w a v e  u s in g  a  g ra p h ic a l m e th o d ,  a n d

w a v e s  u s in g  m ic ro w a v e s , s t r e t c h e d  s trin g s  a n d  a lr c o ıu m n s .

(c ) s h o w  a n  u n d e rs ta n d in g  o f e x p e rim e n ts  w h ic h  d e m o n s tra te  s ta tio n a ry

d iĦe re n c e  a n d  p a th  d iffe re n c e .

(b ) s h o w  a n  u n d e rs ta n d in g  o f th e  te rm s  In te rfe re n c e ,  c o h e re n c e , p h a s e

(a ) e x p ıa in  a n d  u s e  th e  p rin c ip ıe  o f s u p e rp o s itio n  ın  s im p le  a p p ıic a tio n s ,

e
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0
d is p la c e m e n t is  th e  v e c to r s u m  o f th e  d is p la c e m e n ts  d u e  to  e a c h  w a v e .

F ıg .  1 .  W h e n  tw o  w a v e s  a rriv e  a t a  p o in t a t th e  s a m e  tim e , th e  re s u lta n t

11

th e  p rin c ip le  o f  s u p e rp o s itio n .

s o u rc e s ) m e e t a t a  p o in t in  s p a c e ?  T h e  a n s w e r to  th is  q u e s tio n  is  p ro v id e d  b y

W h a t h a p p e n s  w h e n  tw o  w a v e s  o f th e  s a m e  k in d  (e .  g .  s o u n d  w a v e s  fro m  tw o

m a g n e tic  fie ld .

e le c tro m a g n e tic  w a v e s , th e  d is tu rb a n c e  re fe rs  to  th e  v a ry in g  e le c tric  a n d

d is p la c e m e n t o f th e  p a rtic le s  o f th e  m e d ia  fro m  th e ir e q u ilib riu m  p o s itio n .  F o r

S u p e rp o s it io n  
m e c h a n ic a ı w a v e s ,  lik e  s o u n d  a n d  w a te r w a v e s , th e  d is tu rb a n c e  re fe rs  to  th e

P r in c ip le  o f A  w a v e  is  a  d is tu r b a n c e  t h a t tra v e ls  th ro u g h  a  m e d iu m  o r  v a c u u m .  F o r
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tre a tm e n t c a n  b e  fo u n d  in  A p p e n d ix  A .

F ig .  3 .  S u p e rp o s itio n  o f tw o  w a v e s  d is p la c e d  b y  % Ä  a p a rt .  A  m a th e m a tic a ı

4 \ ıł

.  1  » \ ı
l

ı1n o a

A t a  p a rtic u la r in s ta n t o f tim e  R e s u ıta n t

e
o f tim e  w e  m a y  g e t a  re s u ıta n t w a v e fo rm  a s  s h o w n  in  F ig .  3

T h e  p rin c ip ıe  o f s u p e rp o s itio n  a p p lie s  a t e a c h  p o in t a n d  a t a  p a rtic u la r in s ta n t

T h e  s u p e rp o s itio n  o f th e  tw o  w a v e s  is  o b s e rv e d  a lo n g  th e  lin e  o f p ro p a g a tio n .

lirf W łu d c

Ąirr f°rdukn

1 2 .  2  S ta tio n a u w a v e s
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4

N o te  A n  e n v e lo p e  o f a  ra p id ly  v a ry in g  s ig n a l is  a  c u rv e  o u tlin in g  its  a m p ïitu d e s .

d ra w n  o n  d is p la c e m e n t - d is ta n c e  a x e s )

w a v e  (w h e re  th e  m a x im u m  d is p ıa c e m e n t is

�F ig .  4 b  A  g ra p h ic a ı r e p re s e n t a t io n  o f a  s ta tio n a ry

一
争 X

d is ta n c e  a x e s ) .

tim e  in te rv a l o f T /16  (o n  d is p ıa c e m e n t-

T h e  w a v e fo rm  o f a  s ta tio n a ry  w a v e  a t e q u a ı-
ig .  4 a

森
ダ

X

w ith  e a c h  o th e r .

7 .  P a rtic ıe s  in  n e ig h b o u rin g  s e g m e n ts  v ib ra te  1 8 0   
· 

(o r n  ra d ) o u t o f p h a s e

6 .  D is ta n c e  b e tw e e n  tw o  a d ja c e n t n o d e s  (o r a n tin o d e s ) ls  y a Ä .

= wa m p litu d e .

th e  s a m e  in s ta n t .  N o te  th a t th e s e  p a rtic le s  d o  n o t h a v e  th e  s a m e  イ国虹

th e y  re a c h  th e ir re s p e c tiv e  m a x im a ,  m in im a  a n d  e q u ilib riu m  p o s itio n s  a t

W ith in  tw o  c o n s e c u tiv e  n o d e s , e v e r y p a rtic ıe  o s c llla te s  ın  p h a s e , I.  e .
,5   ·

a re  la b e ııe d
'

N
'

o n  F lg .  3 .

4 .  A  ıia aa  is  a  p o in t ın  a  s ta n d in g  w a v e  w h e re  th e » n ip m ird ii Ë  m d  T h e y

a t th e  a n tin o d e s  ls  d o u b le  th a t o f th e  c o m p o n e n t w a v e s ,

a m p ıitu d e .  T h e s e  a re  ıa b e ıle d
'

A
'

o n  F ig .  3 .  T h e  a m p litu d e  o f o s c illa tio n

'

: fh ă d m u n  p a rtic le s  a t th e  a n tin o d e s  v ib ra te  w ith  th e  g re a te s t

A n  i n H n o d  ls  a  p o in t In  a  s ta n d in g  w a v e  w h e re  th e  Ë iim þli 山画画 s  th e3   ·

c o m p o n e n t w a v e s .

*ıffe re n t a m p ıı t u d  T h e  fre q u e n c y  i8  th e  s a m e  a s  th a t o f th e  tw o

th e ir re s p e c tiv e  ę q u ilib riu m  p o s illo n s  w ith  th e  * ım e  rr e q u o n c ĺ .  B u t

E v e ry  p a rtic ıe  o f th e  w a v e  m e re ıy  o s c iıla le s  (e x c e p t a t th e  n o d e s ) a b o u t2   ·

k n o w n  a s  a  s t a tio n a ry  w a v e  o r s ta n d ın g  w a v e .

1 .  T h e  w a v e  p ro file  d o e s  n o t p ro p a g a te .  A s  s u c h , t h e  re s u lta n t w a v e  is

s ta t io m a rr v  w v @

P r o p e r tie s  o f  a  T h e  r e s u lt a n t  w a v e f o r m  h a s  th e  f o llo w in g  f e a tu r e s

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

10Đ W
. '

a re  1 .  5  m  a p a rt.  W h a t is  th e  s p e e d  o f th e  p ro g re s s iv e  w a v e s ?

p ro d u c e  a  s y s te m  o f s ta tio n a ry  w a v e s  in  w h ic h  a d ja c e n t n o d e s

P ro g re s s iv e  w a v e s  o f fre q  u e n c y  3 0 0  H z  a re  s u p e rp o s e d  to

(J 9 0 /P 1113 )

b e tw e e n  a  p a ir o f  a d ja c e n t n o d e s

: g  = ' ' " tin o d e s .

ıs  th e  d is ta n c e  b e tw e e n  u a l to  tw ic e  th e  d is ta n c eW a v e le n g th

to  it .

p ro g re s s iv e  w a v e  th a t g iv e s  ris e

fre q u e n c y  o f th e  w a v e .  w ith  th e  s a m e  * e q u e n c y  a s  th e

s .  h .  m .  w ith  th e  re s t , a ıı p o in ts  v ib ra te  In  8 .  h .  m .

A ıı p o in ts  v ib ra te  in  E x c e p t fo r th e  n o d e s  w h ic h  a re  a tF re q u e n c y

d iffe re n c e  o f 1【 ra d ,

s e g m e n ts  h a v e  a  p h a s e

d iffe re n t p h a s e s  p h a s e .  P a rtic le s  in  a d ja c e n t

w a v e le n g th  h a v e  a d ja c e n t n o d e s  h a v e  th e  s a m e

A Iı p a rtic ıe s  w ith in  o n e  A ıı p a rtic le s  b e tw e e n  tw oP h a s e

a m p ıitu d e .  A n tin o d e s .

w ith  th e  s a m e  n o d e s  to  th e  m a x im u m  a t th e

E v e ry  p o in t o s c llla te s  A m p litu d e  v a rie s  fro m  O  a t th eA m p litu d e

E n e rg y  T ra n s p o rts  e n e rg y  D o e s  n o t tra n s p o rt e n e rg y

v e ıo c ity  o f th e  w a v e

W a v e fo rm  P ro p a g a te s  w ith  th e  D o e s  n o t p ro p a g a te

p ro p e r ty  l  = s s ıv e  w a v e  s t a t io n a ry  w a v e

s ta tio n a ry  w a v e .

T h e  ta b le  b e lo w  c o m p a re s  th e  p ro p e rtie s  o f a  p ro g re s s iv e  w a v e  w ith  th o s e  o f a

= 4

Ľ
"

w a v e s

a n d  P r o g r e s s iv e

s ta t io n a ry  w a v e s

c o m p a rin g
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in s tru m e n t .

*  I n  r e a lit y ,  m u ltip ıe  h a rm o n ie s  g iv e  th e  tim b re  o r c h a ra c te ris tic s  o f a n

 A t  t h e  f i xe d  e n d s ,  t he r e mu s t  be  no d e s  (si nc e  the  st ring  ca n n o t  vi br at e) . �

N o te

F ig .  5

o v e rto n e

' " Ĺ)(n - 1)
。 画画四 国国国

f。 = . (蚤) 。
。

。 , .

2
n d  

o v e r t o n e  

L  = .  Ĺ) 1
.  

= ,  . . " " .

=  L

1
s t 

o v e r t o n e

n x % ,

' " ĺţ ) I
, 

=   ·  ,
"

. " "

v ib ra tio n  R e p re s e n ta tio n  
W a v e le n g th  F re q u e n c y  

A ''

X
' " ^

s ta tio n a ry  w a v e s  o n  a  s t rin g

m e d iu m ,  o bta in  th e  fre q u e n c y  f  o f th e  s ta tio n a ry  w a v e  in  te rm s  o f v  a n d  L .

S te p  4  U s in g  f - v íÀ w h e re  v  is  th e  s p e e d  o f th e  p ro g re s s iv e  w a v e s  in  th e  s trin g  o r

S te p  3  D e riv e  th e  w a v e ıe n g th  Ä  o f th e  s ta tio n a ry  w a v e  in  te rm s  o f ıe n g th  L  o f th e  s trin g

S te p  2  D ra w  th e  g ra p h ic a l re p re s e n ta tıo n  o f th e  s ta tio n a ry  w a v e

S te p  1 S e le c t th e  m o d e  o f v ıb ra tï o n  o f th e  s ta tio n a ry  w a v e

m o d e s  o f v ib ra tio n  o f a  s ta tio n a ry  w a v e  in  g e n e ra l.

T h e  fo ılo w in g  s te p s  c a n  b e  u s e d  to  d e te rm in e  th e  * e q u e n c y  o f th e  d iffe re n t

o v e rto n e s .

fu n d a m e n ta ı fre q u e n c y .  H ig h e r m o d e s  o f v ib ra tio n  a re  k n o w n  a s  th e

T h e  s ta tio n a ry  w a v e  w ith  th e  lo w e s t fre q u e n c y  ıs  s a id  to  b e  v ib ra tln g  w ith  M e

tra n s v e rs e  w a v e  s e t u p  In  th e  s trin g , o r  a  c o m b in a tio n  o f v a rio u s  h a rm o n lc s .

T h e  fre q u e n c y  o f s o u n d  p ro d u c e d  ls  e q u a l to  th e  fre q u e n c y  o f th e  s ta tio n a ry

s trin g  a re  p o s s ib le .

S tre tc h e d  S trin g s  
p ıu c k in g  ıt a t d iffe re n t p o in ts  a lo n g  th e  w ire ,  S e v e ra ı m o d e s  o f v ib ra tio n  o f th e

S ta tio n a ry  W a v e s  ın  S ta tio n a ry  w a v e s  o f v a rio u s  fre q u e n c ie s  c a n  b e  s e t u p  in  a  s tre tc h e d  s trin g  b y

1 2 .  3  t i o n a w  W a v e s  ın  S trırıÆ  a n d  p IFÆ
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3
rd

h a r m o n ic : 0 6 6 ( )  
\Đ 

1
1 0

.  ĺ 1 .

2
n d  

h a r m o n ic  l.  o
'Ł( \- b \.  O w

F u n d a m e n ta ı 
?

.  O  
ıı( ) ,  l.  00 1  ' ff11 .0

o n  th e  v ib ra tin g  w ire ?

n e a r o n e  e n d .  W h ic h  a re  th e  th re e  ıo n g e s t w a v e le n g th s  p re s e n t

A  ta u t w ire  is  c la m p e d  a t tw o  p o in ts  1 .  0  m  a p a rt.  It is  p lu c k e d

w h e re  T =  
t e n s io n , p

-
m a s s  p e r  u n it  ıe n g t h .

 T h e  s p
e

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

s g
i

ve n  b y
 v

 = ,
�

a n tin o d e .

t 1 + h a  v e  \ Q  h

1
'k 

o s c ilıa tio n s  is  c o n s id e re d  s m a ıı c o m p a re d  to  th a t o f  th e

a ıs o  c o n s id e re d  a s  a  n o d e  b e c a u s e  its  a m p ıitu d e  o f

*  T h e  e n d  o f  t h e  s t ń n g  w h ic h  is  a t t a c h e d  t o  t h e  o s c iıla t o r  is

N o te

th e  p u lle y , a n d  h e n c e  th e  s trin g ,  is  fix e d  in  p o s itio n .

is  a ıw a y s  a t re s t .  A  n o d e  m u s t e x is t a t th e  p u lle y  b e c a u s e

A  n o d e  is  a  p o in t o n  th e  s ta tio n a ry  w a v e  w h e re  th e  p a rtic leOi)

o f th e  s trin g .

a d ju s t th e  fre q u e n c y  (a n d  th u s  w a v e ıe n g th ) to  r ĺ t th e  le n g th

le n g th  o f th e  s trin g  to  fa  m u H ip le s  o f h a lf -

w a v e le n g th , o r

re s o n a n c e  o c c u rs ) .  H e n c e , 
it is  n e c e s s a ry  to  a d ju s t th e

m u ıtip le s  o f h a lf,  
w a v e le n g th  o f th e  w a v e  (i.  e .  w h e n

'" "

J.  d
b e  fo rm e d  if th e  le n g th  o f th e  s trin g  is  e q u a l to  c e rta in   ·

th e  w a v e  o n  th e  s trin g  ls  fix e d .  S ta tio n a ry  w a v e s  w ill o n ly

S in c e  th e  te n s io n  o f th e  s trin g  ls  c o n s ta n t , th e  v e lo c ity  o f
S o lů tio n国

の

a t th e  p u lle y .

(ii) W n a t ls  m e a n t b y  a  n o d e ?  E x p la in  w h y  a  n o d e  m u 8 t e x is t

o b s e rv a b le  s la lio n a ry  w a v e s  o n  th e  s trin g .

s trin g  o r th e  fre q u e n c y  o f th e  o s c ilıa lo r In  o rd e r to  o b ta in

E x p la in  w h y  It ls  n e c e s s a ry  Io  a d ju s t e ith e r th e  le n g th  o f th e

w e ig h ts

c ill lo r

s tu d e n t s e ls  u p  th e  a p p a ra tu s  s h o w n  b e ıo w .

In  o rd e r Io  in v e s tig a te  s ta tio n a ry  w a v e s  o n  a  s tre tc h e d  s trin g ,  a

(N 9 5 /P 3 /3  (b ))
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U ' P \ a  F ig .  8

o v e rto n e  4 L

2
n d

o v e r t o n e  

L ° ,  Ĺ) 1
.  

= ,  . . " " .

Ą =

1
s t

o v e r t o n e  
(īl . = ' . . °m ' "

* e q u e n c y

"

h¢\ F u n d a m e n ta ı

.  Ą

'

: Ą =  ,
"

. .' " ic

v ib ra tio n  R e p re s e n ta tio n  
W a v e le n g th  F re q u e n c y  

A ı'

y
' "

S ta tio n a ry  W a v e s  ın  C ıo s e d  T u b e s  ( n o  e v e n  h a r m o n ie s )

F ig .  7

◆ x  

s o u n d  w a v e  is  a  tra n s v e rs e  w a v e l

a m p ıitu d e  o f v ib ra tio n  o f th e  a ır

w a v e  ın  c lo s e d  p ip e - II a h o w a  th e

G ra p h ic a l re p re s e n ta tio n  o f a  ıta tio n a ry

◆.  M  m 4 4

k q l p o n i c  
; n _ 4a , m  o ¢ 

e n d

c lo s e d  e n d  o f th e  p ip e  w h lıe  a  d vs p ıa c e m e n t a n tin o d e  ıa  fo rm e d  a t th e  o p e n

w a v e  a n d  a  s ta ılo n a ry  w a v e  ıı fo rm e d .  A  d is p la c e m e n t n o d e  ıı lo rm e d  a t th e

o f th e  p ip e  a n d  ıı re n e c te d .  T h e  re n e c te d  w a v e  s u p e rp o s e a  w lth  th e  ın c ld e n t

u ll L t  r u p t l k «

f \ .  ıq » l : N h  
d- - -

a w j lp ,  b

- p \  t r  Ł 

W - J

P ip e s  a n d  te rm e d  o p e n e d  if b o lh  e n d s  o f th e  p ıp e  a re  o p e n .

A ır  C o lu m n s  o r  
p ip e  ıs  te rm e d  c lo s e d  if o n o  e n d  o f th e  p ip e  b  c ıo a e d  w h ile  th e  o th e r  ls  o p e n ,

S ta tio n a ry  W a v e s  ın  ıt is  a ls o  p o s s ib ıe  to  a e ı u p  s ta tio n a ry  s o u n d  w a v e s  In  a ir c o lu m n s  o r p ip e s .  A
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9

◆

L,  Ą\ e A t o  

m n  ) 】

ı N  f u  A a /p ¢ Ą ) 4

{ţ  (L Į  c )
to  b e  in c lu d e d  in  th e  c a ıc u ıa tio n  o f th e  w a v e le n g th .

s lig h tly  o u ts id e  th e  p ip e  a s  s h o w n  b e lo w .  T h is  re s u ıts  in  a  s m a ll e n d  c o rre c tio n

T h e  d is p la c e m e n t a n tin o d e  a t th e  o p e n  e n d s  o f th e  p ip e s  a re  a c tu a lly  lo c a te d
E n d  C o rre c tio n

F ig .  1 0

o v e rto n e  

Å
,  

=  

2L

(n - 1 . . .

' " Ĺ) f
.  

= .  .  

°

h a rm o n ic

Ą  =

' " Ĺ)2
n d  

o v e r t o n e  囪圈 圈 . .  
f
.  

= .  ĺ()) y . . . . . ..

=  L

1
s t

o v e r t o n e  

L ° ,  Ĺ) '
2  

= ,  2
n d

h a r m o n ic  
i c

a  łħďbh

L 
L

v ib ra tio n  R e p re s e n ta tio n
" - ° , e n g t h  F r e q u e n c y  

a s . . .

M o d e s  o f G ra p h ic a l
. . _ . . . ,  A ls o  k n o w n

S ta tıo n a ry  W a v e s  ın  O p e n  T u b e s  
rıJo Þm u  

4 l f ı n

F ıg .  9

H e n c e , a  d ıs p ıa c e m e n t a n tın o d e  o c c u rs  a t t h e  o p e n  e n d .

p re s s u r e  n o d e  a t th e  o p e n  e n d  s o  th a t th e  p re s s u re  th e re  ıs  a tm o s p h e ric .

th e  w a v e  ls  re n e c te d .  T h e  re n e c te d  a n d  In c id e n t w a v e s  s u p e rp o s e  Io  p ro d u c e  a

A s  a  s o u n d  w a v e  tra v e ls  d o w n  a n  o p e n  p ip e  a n d  re a c h e s  th e  o th e r e n d
,  p a rt o f

N o te

d is p la c e m e n t a n tin o d e e  a re  fo rm e d  a t b o th  e n d s .

s h o w n  in  F ig .  9 .  A s  th e  a lr m o le c u ıe s  a re  a b le  to  m o v e  fre e ıy  a t b o th  e n d s ,

W n e n  a  s o u n d  w a v e  is  s e n t In to  a n  o p e n  p ip e .  a  s t a t i o n a r y  w a v e  is  fo rm e d  a s
o p e n  p ip e s
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1 0

(b ) th e  e n d  c o rre c tio n  o f th e  tu b e .

(a ) th e  s p e e d  o f th e  s o u n d , a n d

th e n  0 .  9 6  m .  F in d

S tro n g  re s o n a n c e  is  firs t o b ta in e d  a t tu b e  ıe n g th s  o f  0 .  3 0  m  a n d

tu b e ,  c lo s e d  a t o n e  e n d , to  m e a s u re  th e  s p e e d  o f s o u n d  in  a ir .

A  s o u rc e  o f s o u n d  o f * e q u e n c y  2 5 0  H z  is  u s e d  w ith  a  re s o n a n c e
E Ić i

L - L
Ä  =  0 .  3 3 m

f 5 0 0
ス = 一

=
― ―

= 0 . 6 6  m
v  3 3 0

(b ) f - 7 5 0 - 2 5 0  =  5 0 0  H z

th o s e  c a ıc u ıa le d  In  (a ) .

h a o  a  fu n d a m e n ta l fre q u e n c y  e q u a l Io  th e  d f e r e n c e  o f

(b ) th e  le n g th  o f a  p ip e  w h ic h  ı8  o p e n  a l b o th  e n d s  a n d  w h ic h

(a ) th e  fre q u e n c ie s  o f th e  fu n d a m e n la ı a n d  th e  firs t o v e rlo n e ,

c o rre c tio n s  a re  n e g lig ib ıe ,  c a lc u la te

o ıh e r .  T h e  s p e e d  o f s o u n d  in  a ir l8  3 3 0  m  8  
ı

.  A s s u m in g  th a t e n d

.  

àıi
'

\ 
A n  o rg a n  p ip e , o  3 3  m  lo n g .  Ia  o p e n  a l o n e  e n d  a n d  c lo s e d  a t th e
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1 1

p ro n o u n c e d .

w a v e le n g th  is  in c re a s e d  fro m  (a ) to  (c ) , th e  e ffe c t o f d itfta c tio n  b e c o m e s  m o re

F ig .  1 2 .  R ip p le  ta n k  im a g e s  o f w a te r w a v e s  e m e rg in g  fro m  a n  o p e n in g .  A s  th e

(a ) (b ) (c )

e v e ry d a y  a re  m u c h  la rg e r th a n  th e  w a v e le n g th s  o f lig h t .

d iffra c tio n  o f ıig h t b e c a u s e  th e  h o ıe s  a n d  a p e rtu re s  th a t w e  c o rn e  a c ro s s

T h is  is  th e  re a s o n  w h y  u n d e r n o rm a l c irc u m s ta n c e s , 
w e  d o  n o t o b s e rv e  a n y

(D itfta c tio n  o f w a v e s  is  e x p la in e d  b y  H u y g e n
'

s  p rin c ip le  in  S e c t 1 2 .  9  in  p g  2 2 ) .

o f  t h g s a m e  o r d e r  o f m a g n it u d e  a s  t h e  w id t h  o f  t h e  a p e r tu re  o r  o b s ta c ıg

G e n e ra lıy , 
d iffra c tio n  is  p ro n o u n c e d  w h e n  t h e  w a v e ıe n g t h  o f  t h e  w a v e  ls

vıæpertunl

T h e  d e g re e  o f  d iffra c tio n Ħëp e n d s  o n  th e  re ıa tiv e  s iz e  o f  th e  w a v e le n g th  a n đ

n a rro w  a p e rtu re

ı 

Ä -
a

w id e  a p e rtu re

lı

·

c o rrid o r th ro u g h  th e  o p e n  d o o r o f y o u r ro o m ,  e v e n  ir yo u  c a n n o t s e e  th e m .

F o r  e x a m p le ,  w h e n  y o u  a re  In  a  ro o m ,  y o u  c a n  h e a r s o m e o n e  a lo n g  th e

re g io n  th a t w o u ld  o th e ıw is e  b e  s h a d o w e d .

D u e  to  th e  e n e c ts  o f d iĦra c tio n ,  w a v e s  b e n d  fro m  a  a tra lg h t p a th  a n d  e n te r a

th e  b e n d in g  o f w a v e s  a fte r p a s s in g  th ro u g h  a n  a p e rıu re  o r ro m

ı1 2 .  4  E iĦra c u o n
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1 2

F ig .  1 3 b

A  

/

w a v e  c re s ts  m e e t w a v e  tro u g h s .

D e s tru c ti
'

v e  in te rfe re n c e  o c c u rs  w h e n

A  c o m m o n  m is c o n c e p b

a m p litu d e .)

o n ly  if b o th  w a v e s  h a v e  th e  s a m e

m in im u m  is  o b ta in e d .  (A m p litu d e  is  z e ro

a  p h a s e  d iĦe r e n c e  o f  7c ra d
, 

i.  e .  a

ın te rfe re n c e  tw o  w a v e s  a rriv e  a t th e  s a m e  p o in t w ith

D e s tru c tiv e  D e s tru c tiv e  in te rfe re n c e  o c c u rs  w h e n

周
薪

tro u g h s  m e e t w a v e  tro u g h s .

w a v e  c re s ts  m e e t w a v e  c re s ts  o r  w a v e

C o n s tru c tiv e  In te rfe re n c e  o c c u rs  w h e n

A  c o m m o n  m is c o n c e p tio n

fix e d , b u t d is p ıa c e m e n t is  v a ry in g . )

m a x im u m  is  o b ta in e d .  (A m p litu d e  is

a  p h a s e  d iffe r e n c e  o f  z e r o ,  i.  e .  a

ın te rfe re n c e  tw o  w a v e s  a rriv e  a t th e  s a m e  p o in t w ith

C o n s t ru c t iv e  C o n s tru c tiv e  in te rfe re n c e  o c c u rs  w h e n

a n d  d e s t ru c tiv e  ın te rfe r e n c e .

W h e n  tw o  w a v e s  in te rfe re , th e y  c a n  g iv e  ris e  to  c o n s tru c tıv e  In te rfe re n c e

J =

re s u lta n t w a v e  w h o s e  re s u lta n t a m p litu d e  ls  g iv e n  b y  th e  p rın c lp ıe  o f  
=

In te rfe re n c e  is  th e  s u p e rp o s ltıo n  o f ıw o  o r m o re  c o h e re n t w a v e s  to  g iv e  a

一 旦丝丝
以 园 ¢? \叩国图 国黒四 \ ! . い \ 1 . \ 川

m o n o c h ro m a tlc )s o u rc e

tw o  s p e a k e rs  fe d  b y  s a m e  tw o  fila m e n t la m p s  (n o t

la s e r b e a m  ı' " .  J q .  
\

tw o  s lits  in c id e n t b y  a  s in g ıe  n o t c o h e re n t)

d iĦra c te d  la s e r b e a m s  th ro u g h  tw o  re d  la s e rs  (s a m e  fre q u e n c y , b u t

m m e ĺ m r.  E r e n t s g M E E  ıiiïe s e
.  A ĝ  n Q t ç ņ h ę E n ļ  § g y ș .

b u t th e  re v e rs e  ıs  n o t tru e .  V e lo c itie s  o f th e  w a v e s  a re  a s s u m e d  to  b e  id e n tic a l.

w  T h is  im p ıie s  th a t c o h e re n t w a v e s  o r s o u rc e s  m u s t h a v e  th e  s a m e  fre q u e n c y ,

U 甲 n 阳 o n
ı ー

コ

c o h e re n c e
.  I U r c e s  a re  s a id  to  th e y  h a v e



h w  W  

}m
y  WueĄNŁI

1
勺비 如心 '"p·わ? 叫 卢j· 加 +日 出 い

w a v e s  a rriv e  e x a c tıy  rr ra d  o u t  o f  p h a s e .  D e s tru c tiv e  In te rfe re n c e  o c c u rs .

In  b e tw e e n  a n ti-
n o d a l ıin e s  a re  th e  n o d a l lın e s  (d o tte d  lın e s ) a lo n g  w h ic h  th e园

の

th e  a n tı-
n o d a l lın e s  (d a r k  lın e s ) w h e n  th e  tw o  w a v e s  a re  ın  p h a s e .

B y th e  p rin c ip ıe  o f s u p e rp o s itio n ,  c o n s tr u c t iv e  In te r fe r e n c e  ta k e s  p ıa c e  a lo n g

c re s ts ) .  T h e s e  w a v e s  in te rfe re  w h e n  th e y  o v e rla p  a s  s h o w n  In  F ig .  14 ,

x p e rim e n t h e n c e  a re  c o h e re n t s o u rc e s ) , s e n d o u t tw o  s e ts  o f c irc u la r w a v e fro n ts  (le ť  8  a a y

h e  R ip p ıe  T a n k  T w o  b a llq n d e d  d ip p e rs  5 1 a n d  S z , a t t a c h e d  to  a  m e c h a n lc a ı o s c illa to r (a n d

E x p e rim e n t h e n c e  a re  c o h e re n t s o u rc e s ) .  s e n d o u t tw o  s e ts  o f c irc u ıa r w a v e fro n ts  (le ť  s  s a v

T h e  R ip p ıe  T a n k  T w o  b a llq n d e d  d ip p e rs  5 1 a n d  S z , a t t a c h e d  to  a  m e c h a n lc a ı o s c illa to r (a n d

ıH n ı

4 .  N s v e r s e  w a v e s , th e y  m u s t b e  ılıÆ ıñ ıe d  o r p o ıd ilï iíiĦin  th w & m ı

c o n s tru c tiv e  a n d  d e s tru c tiv e  in te rfe re 】 自国国国

3 .  T h e  w a v e s  mustii*iıli» a n d  b e  o f l h e  (to  p ro d u c e  re g io n s  o f

c o n tra s t) .

2 .  T h e  w a v e s  m u s t h a v e  a p p ro x im a te ly  tĥ e1āiiiiiıoilı(for a  b e tte r ń  h n .  J

o b s e rv a b ıe  fre q u e n c y  a n d  a  c o n s ta n t p h a s e  d i f f ë r e r æ

c o n d itio n s  fo r 1 .  T h e  w a v e s  o r s o u rc e s  m u s t b e  ı  国 朝 困 团 团  (i.  e .

-

Th e y  h a v e  th e  s a m e

1 2 .  6  T w o -
s o u rc e  ın te rfe re n c e
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14

w h e re  th e  p a th  d iffe re n c e  is  n Ä .

T h e  n
ıh 

o rd e r  m a x im u m  (e .  g .  B rig h t R in g e  o r lo u d  s o u n d ) o c c u rs  a t p o s itio n s

P a th  d iffe re n c e
, 
A x -

n  (w h e re  n -
0 , 1 , 2

. . . . )

o c c u r ,

H e n c e , w h e n  tw o  s o u rc e s  a re  in  p h a s e
, 
fo r c o n s tr u c tiv e  in te r fe re n c e  to

P a th  d iffe re n c e , N (  
=  5 2 Q

- 5  1 Q  =  À

A t p o in t Q , th e  tw o  w a v e s  a ıs o  m e e t in  p h a s e  (i.  e .  c o n s tru c tiv e  in te rfe re n c e ) ,

P a th  d iffe re n c e , N (
- 5  2  P - 5 1P  =  

O

A t p o in t P ,  t h e  tw o  w a v e s  m e e t in  p h a s e  (i.  e .  c o n s tru c tiv e  in te rfe re n c e ) ,

C o n s id e r s o u rc e s  5 1 a n d  5 2 , 
a n d p o in ts  P  &  Q  w h e re  th e  tw o  w a v e s  m e e t

re s u ıts .

o u t o f p h a s e , a n d h e n c e  w h e th e r c o n s tru  c tiv e  o r d e s tru c tiv e  in te rfe re n c e

W e  c a n  lo o k  a t p a th  d iffe re n c e  to  a n a ly s e  w h e th e r tw o  w a v e s  m e e t in  p h a s e  o r

s o u rc e  to  th e  p o in t w h e re  th e  tw o  w a v e s  m e e t

p a th  d iĦe re n c e  is  th e  d iffe re n c e  in  th e  d i 引自 n e e s  th a t e a c h  w a v e  tra v e ls  ń J
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，， 1就
' " 「一 叶

C  =  (n  +  V a ) Ä  A x  =  n

r  =  
n À  A x  

°  (n + y z) À

2  s c ilirċ e s  in
'

Pti se  2  s o u t ċ e į  * d  o u t o f  ș e

D e s tq (tiv e  in te rfe re n c e .

(n ia x iŕria )
OdtrctivĠ En tee ren iie

o c c u rs .

3 .  U s e  th e  ta b ıe  to  c h e c k  w h e th e r c o n s tru c tiv e  o r d e s tru c tiv e  in te rfe re n c e

2 .  D e te rm in e  th e  p a th  d iffe re n c e  in  te rm s  o f Ä .

1 .  D e te rm in e  w h e th e r th e  tw o  s o u rc e s  a re  in  p h a s e  o r 1r ra d  o u t o f p h a s e .

o r d e s tru c tiv e  in te rfe re n c e  o c c u rs  a t a  c e rta in  p o in t w h e re  th e  tw o  w a v e s  m e e t .

ın  s u m m a ry ,  th e  fo lıo w in g  ta b le  c a n  b e  u s e d  to  d e te rm in e  w h e th e r c o n s tru c tiv e

s u m m a ry

P a th  D iĦ e r e n c e

W a v e s  a rriv e  a t R  &  T  in  p h a s e  c o n s tru c tiv e  in te re n ce  a t R  &  T

W a v e s  a rriv e  a t P  &  Q  ?c ra d  o u t o f  p h a s e  d e s t ru c tiv e  initerfere a t P  &  Q

A n s w e r

b y 1r  r a d ?

Q u e s tio n  W h a t h a p p e n s  a t P ,  Q , 
R  a n d  T  if th e  tw o  s o u rc e s  a re  o u t o f p h a s e

o M  n u o T  Lio h

P a th  d i Ħe r e n c e l  
=  (n  ◆ y a) A (w h e re  n - 0 , 1 , 

2 . . . . )

H e n c e , w h e n  tw o  s o u rc e s  a re lın  p h a s e l fo r d e s t r u c tiv e  in te r fe re n c e  to  o c c u r ,

P a th  d iĦe re n c e , (
- 5  2  Q - 5  1 Q  ·  1  %  Ä

in te rfe re n c e ) ,

A t p o in t T , th e  tw o  w a v e s  a ıs o  m e e t 1r o u t o f  p h a s e  (i,  e .  D e s tru c tiv e

P a th  d iffe re n c e
,  N ( -

5  2  R
- 5  1 R - %

A t p o in t R , t h e  tw o  w a v e s  m e e t n  o u t o f p h a s e  (I.  e .  D e s tru c tiv e  In te rfe re n c e ) ,

N o w , c o n s id e r p o in ıs  R  &  T  w h e re  th e  ıw o  w a v e s  m e e t

Y E A 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 ıT U T IO N



1 6

F ig .  1 7

in te rfe re n c e  frin g e s

A t p o in ts  o f d e s tru c tiv e  in te rfe re n c e  (m in im a ) , d a rk  frin g e s  a re  o b s e rv e d .

A t p o in ts  o f c o n s tru  c tiv e  in te rfe re n c e  (m a x im a ) , b rig h t frin g e s  a re  o b s e rv e d

a n d  o b s e rv a b ıe  in te rfe re n c e  p a tte rn .

o rig in a te  fro m  th e  s a m e  s in g le  s ıit , th e y  a re  c o h e re n t a n d  c re a te  a  s u s ta in e d

p ro d u c in g  tw o  ıig h t s o u rc e s  a t th e  d o u b le  s ıits .  B e c a u s e  ıig h t fro m  th e  tw o  s ıits

w e ıl- d e fin e d  s o u rc e  o f  lig h t .  L ig h t fro m  th is  s o u rc e  is  d iffra c te d  a t th e  s in g le  s ıit ,

A  m o n o c h ro m a tic  lig h t s o u rc e  is  p la c e d  b e h in d  a  s in g le  s lit to  c re a te  a  s m a ıı,

S e t - U p  th e  Y o u n g
'

s  d o u b le -

s lit e x p e rim e n t s h o w n  b e lo w .

A n  e x p e rim e n ta l s e t - u p  fo r viwing tw o - s o u rc e  in te rfe re n c e  p a t t e r n  w ith  ıig h t isE x p e r im  e n t a l

Y o u n  团日 D o u b le - S lit E x p e r im e n t

a m p litu d e  a t P ?

) ł 

Q  S ,

W h e n  o p e ra te d  a lo n e .  E a c h

s h o w n  in  th e  d ia g ra m .

a n d  a  d e te c to r P  is  p ıa c e d  o n  th e  w a te r s u rfa c e  3  m  fro m  5 1 a s

w a v e ıe n g th  1 m .  T h e y  a re  p la c e d  4  m  a p a rt in  a  w a te r ta n k

T w o  w a v e  g e n e ra to rs  5 1 a n d  5 2  p r o d u c e  w a te r  w a v e s  o f

(J 8 0 /P 2 /1 0  N 8 8 /P 1/8 )
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th e  ra y s  fro m  5 1 a n d  5 2 to  P  a re  a lm o s t p a ra lle l a n d  Z A  =  9 0
o

.

C o n s id e r p o s itio n  P .  w h e re  th e  n
m  

o rd e r b rig h t frin g e  (m a x im u m ) lie s .  ıf a  < <  D ,

m l° , ' p a ra n  h n ıw w n ' " r « i U U ¢W  rım q " .

日
n  1 1 1x .  

=  
― ―  w h e re  n -

0 , 
1

, 
2

n えD

H e n c e , c o n s tru c tiv e  in te rfe re n c e  ta k e s  p ıa c e  a t th e s e  p o s itio n s
,

D

II -

W h e n  a  > >  jl , u s in g  s m a lı a n g le  a p p ro x im a tio n  (
<  6

°

),

t a n  =

F ro m  A O B P  (F ig .  18 b),

F ig .  1 8 a  F ıg .  1 8 b  
q ı  · ? M  ń / '' ]

/  

/  

5 1 
\

n
m

-

o rd e r m a x im u m 一

人 一 一
一

，

a - s lit  s e p a r a t io n , D - d is t a n c e  b e tw e e n  s lit s  a n d  s c r e e n

N o ta tio n s  x ,
- d is t a n c e  o f  n

lh  
b r i

g h t  f r in g e  f r o m  c e n t r a l t in
g

e ,

x   ·  D  /  a  
b e t w e e n  t w o  s u c c e s s iv e  b r i

g
h t  (o r d a rk ) f fin g e s ,

D e r iv a t io n  o f  L e t u s  n o w  d e r iv e  a n  e q u a t io n  f o r  t h e  f r in g e  s e p a r a t io n
, 

i.  e .  Th e  s p a c in g
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ł 住
· 因 ― ― 一 J础 )， ，\t 门 {

'

\ t。瑚 锚 、

1 8

R  ( <  D

e  (  (  ıł°  
· \ t w n

4 ° t * A Į ť .  R l ,

is  n o t o b s e rv a b le .

th e  n e x t .  T h e  h u m a n  e y e  c a n n o t c o p e  w ith  th e  ra p id  c h a n g e s , s o  t h e  p a tte rn

fro m  tw o  s e p a ra te  s o u rc e s  m a y  b e  in  p h a s e  a t o n e  in s ta n t
, 
b u t o u t o f p h a s e

s o u rc e s , e v e n  o f th e  s a m e  fre q u e n c y , p ro d u c e  in c o h e re n t w a v e s .  W a v e s

p u ls e , th e re  is  a n  a b ru p t c h a n g e  in  th e  p h a s e  o f th e  w a v e s .  S e p a ra te  lig h t

T h e s e  p u ls e s  la s t fo r v e ry  s h o rt d u ra tio n s  o f n a n o s e c o n d s .  B e tw e e n  e a c h

.  L ig h t  is  e m it te d  f r o m  s o u r c e s  a s  a  s e r ie s  o f  p u ls e s  o r  p a c k e t s  o f  e n e r g y .

fo r c o n s tru c tiv e  a n d  d e s tru c tiv e  in te rfe re n c e  w o u ld  b e  in te rc h a n g e d .

.  If  t h e  tw o  c o h e r e n t  s o u r c e s  h a v e  a  p h a s e  d iĦ e r e n c e  o f  n  r a d
, th e  c o n d itio n s

in c id e n t o n  th e  d o u b le  s lits  a re  c o h e re n t .

.  t h e  s in g le  s lit a c t s  a s  a  w e ll
- d e fin e d  s o u rc e  o f ıig h t to  e n s u re  th a t w a v e s

in te rfe re n c e  p a tte rn .

d iffe re n c e  is  m o re  th a n  o n e  w a v e le n g th ) to  p ro d u c e  a n  o b s e rv a b le

.  T h e  s o u r c e s  m u s t b e  m o r e  t h a n  o n e  w a v e le n g t h  a p a r t (o r th e  p a th

ıı À - 5 0 0  n m .

s e p a ra tio n  a - 0 .  5  m m , s lit- s c re e n  d is ta n c e  D - 1 m , w a v e le n g th  o f lig h tıı

F o r in te rfe re n c e  o f lig h t , th e  ty p ic a l v a lu e s  fo r s lit w id th  w - 0 .  2  m m , 
s lit

ıı  
·

6 , fń n g e  s e p a ra tio n  a c tu a lly  in c re a s e s .

N o t
.  T h e  f r in g

e  s e p a r a t io n  x  is  o n ly  
a p p r o x im a t e ly  c o n s t a n t  f o r  o  <  6  

°
.  F o r la rg e r

ı m  p  o  rta  n t \
 (a s s u m e d t h a t r a y s a r e p a r a l l e n  1  4'

",
- 4 ıO n t Ļ�

 T h e  fo r m u l a x  = i s a p
p l

ica b l e on l y if u rJll n u l dn i cup j
'

J

�

T a k e  N o te  À D
◆ D

ブ
ぎ

·
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X 
O .  (

r
l ļ h n L

1 9

b e fo re .

n o t c o m p le te ıy  d a rk  a n d  th e  m a x im a  a re  n o t a s  b rig h t a s  
m n tqin jo '

H o w e v e r , lo n ırııł.  A ä iH a *  b e c a u s e  th e  m in im a  a re  n o w
"

W
(c ) F rin g e  s e*a ra tio n  re m a in s  th e  s a m e  b a s e d  o n  x = c l a .  

D b

d e c re a s e s  d u e  to  in c re a s e d  d is ta n c e  o f s c re e n .

=  园回国 ı 闭目■■■ bbb e ce c a u sss ee  iiin ttte n s iiitttyyy  o f bbb rrriiiggg hhh ttt fff rrriiin ggg e s

(b) F rin g e  s e p a ra tio n  n a  回国 ı b  a s e d  o n  x -
À D / 3 .  H o w e v e r , (u ųM

t in g e s  in c re a s e s ,

PK = W M M  H o w e v e r ,  ifintrast ļ licreı§ii b e c a u s e  In te n s ity  o f b rig h t

(a ) F rin g e  s e
e
a ra tio n  re m a in s  th e  s a m e  b a s e d  o n  x = a .

d o u b le -

s lit.

(c ) re d u c in g  th e  in te n s ity  o f lig h t in c id e n t o n  o n e  o f th e

s c re e n .

(b ) in c re a s in g  th e  d is ta n c e  b e tw e e n  th e  d o u b ıe - s lit a n d  th e

d o u b le - s lit .

(a ) in c re a s in g  th e  in te n s ity  o f th e  re d  ıig h t in c id e n t o n  th e

c h a n g e s  is  m a d e  s e p a ra te ıy .

frin g e s  o b s e rv e d  o n  th e  s c re e n , w h e n  e a c h  o f th e  fo ııo w in g

o f th e  frin g e s  a n d  in  th e  U ň i i b e t w e e n  b ń g h t a n d  d a rk

S ta te  a n d  e x p ıa in  w h a t c h a y , o c c u r s  in  th e  s e p a ra tio n

氓

Ą

d o u b le -

s ıit s c re e n

\ ,  
t
À U

Y F
ı
t  h  h ,

'

r h t L ILjLłigh t

re d

U ĺ k r ţ  ţlt  F k , 

·

ĥ ţ\¢t c q k  t  ·

s o u rc e  in te rfe re n c e  frin g e s .

A  s tu d e n t s e ts  u p  th e  a p p a ra tu s  s h o w n  b e lo w  to  o b s e rv e  tw o '
' n -

ţ L \ļ 】

fq\ ŕfıib c Ļ N , r J  
S

v t

( 6 tþy J ī  °) JAR " " f
th

þ,  
1
h

◆  X  ·

尋

s c re e n  is  0 .  8 0  m , c a ıc u ıa te  th e  s e p a ra tio n  o f th e  tw o  s ıits .

w a v e le n g th  u s e d  is  6 2 0  n m .  ıf th e  d is ta n c e  fro m  th e  s ıit to  th e

$  th e  firs t a n d  th e  fifth  b rig h t frin g e  is  2 .  5  m m  w h e n  th e

g  ın  a  Y o u n g
'

s  d o u b le -

s lit e x p e rim e n t , t h e  s e
p

a r a t io n  b e tw e e n
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2 0

ıpËııċ a b ıe  to  ditftactioniallii, u n le s s  it h a s  a  s m a ll N  o r la rg e  d .

e v e n
_

th e j ls ! .  

o rd e r -
1 ) is  q u ite  b ig .  H e n c e ,

'

taoiiiĦmMõEEê\
v is ib le  lig h t (a b o u t 0 .  4  × 1 0

4  
t o  0 .  7  × 1 0

4  
m ), t h e  a n g le  o f d iĦra c tio n  o f

S in c e  d  is  v e ry  s m a ll, in  fa c t o n ly  a  fe w  tim e s  m o re  th a n  th e  w a v e le n g th  o f

S in c e  N  is  ty p ic a lly  1 0 0  to  1 0 0 0  lin e s  p e r m m ,  d  is  o f th e  o rd e r o f 1 0
4  

m .

T a k e  N o te  1 ,

in te rfe re n c e , (w h a t is  th e  a s s u m p tio n ? )

S in c e  th e  w a v e s  p a s s in g  th ro u g h  a ll th e  s lits  a re  in  p h a s e , fo r c o n s tru c tiv e

N
C  =  B X  =  d s i n  w h e re  d  =  

s lit s e p a ra tio n  = - in  m e tre .

(m a x im a ) is  o b ta in e d .  T h e  p a th  d iĦe re n c e  b e tw e e n  a d ja c e n t ra y s  (F ig - 2 0 a ) is

g ra tin g  o f N  ıin e s  p e r m e tre .  A t a n g u la r p o s itio n  , n

m  

o r d e r b rig h t f rin g e

C o n s id e r a  n a rro w  b e a m  o f m o n o c h ro m a tic  lig h t in c id e n t o n  a  d iĦra c tio n

d  s in  e  =  
n  Ã

D e r iv a t io n  o f

F ig .  2 0 a  F ig .  2 0 b

'

r _
-

-

d  =  
g r a t in g  s p a c in g  

s c r e e n  
n  

2
n a

-
o rd e r m a x

 .

- '

F

 1«d e r  ma x   ·

�

in le n s ily

n  ť -
o r d e r m a x

"
2

n
-

o r d e r  m a x

in  F ig .  2 0 b .

g ra tin g , s h a rp  m a x im a  a re  o b ta in e d  a t v a rio u s  a n g u la r p o s itio n s  a s  s h o w n

W h e n  a  n a rro w  b e a m  o f m o n o c h ro m a tic  lig h t is  in c id e n t o n  a  d iĦra c tio n

1 0 0 0  lin e s  p e r m m .

(o r s lits ) o f e q u a l w id th .  A  d iĦra c tio n  g ra tin g  ty p ic a lly  c o n s is ts  o f 1 0 0  lin e s  to

A  d iĦra c tio n  g ra tin g  c o n s is ts  o f a  ıa rg e  n u m b e r o f p a ra ıle l, e q u a lly  s p a c e d  lin e sD iffra c tio n

Y E A 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  IN S T ıT U T IO N



2 1

tri

'

ľ  
r 9 y 4  

¢l o n  e)i \ tĄ rlť & 1   
·

Ųm Qa 
J 

n u m k u r e l bn ĵ kı ńfrp  
l r 5  ( t n jlN Ln ĵ u

łl e k r  r) t
M  

o
.  

3
ı ° r ï  Ln l

u  p  r ť y

ť  
1 ,  < 1

w a v e le n g th  6 3 3  n m ?

ı  g ra tin g  o f 6 0 0  lin e s  p e r m m  illu m in a te d  n o rm a lly  w ith  lig h t o f

a
m iJ fĄ   

· 

li) 
H o w  m a n y  b rig h t fń n g e s  c a n  w e  o b s e rv e  u s in g  a  d iffra c tio nL

ą  =  

s\ ,  1
'

sınó =  

Ï
- -

2 .  5 0  × 1 0
-

6

- U .  { ö { Z
3 1  3 × 6 5 6 × 1 0

-

9

F o r n = 3

=  

3 1.  1
'

s ın q  
=  

2 .  5 0 × 1 0
-

8

- U .  5 2 4 6
2 1  2  × 6 5 6  × 1 0

-

e

F o r n = 2

ą  =  

( S,  t  
·

sınu =  

i
-

2 .  5 0  × 1 0

-

6

- U .  2 ó 2 4
Ä  6 5 6  × 1  0

-
e

F o r n = 1

【m
:  ı 

¢ı.  sù x Io  

( 
m

s lit s e p a ra tio n  ( . .  \ tn  Str'J)

p o s itio n s  o f th e  firs t , s e c o n d  a n d  th ird -

o r d e r m a x im a .

g ra tin g  w h ic h  h a s  4 0 0  lin e s  p e r m m .  D e te rm in e  th e  a n g u la r

L ig h t o f w a v e le n g th  6 5 6 n m  is  in c id e n t n o rm a lıy  o n  a  d iffra c tio n
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2 2

w a v e fro n t lo o k s  c irc u la r .  (S e e  F ig .  1 1 o n  p g  1 1 .)

in c id e n t w a v e , th e  d iffra c tio n  e Ħe c t b e c o m e s  p ro n o u n c e d  a n d  th e  tra n s m itte d

w a v e fro n t to  b e  c u rv e d ,  If th e  a p e rtu re  is  c o m p a ra b le  to  th e  w a v e le n g th  o f th e

th e  w a v e le ts  m a k in g  u p  th e  w a v e fro n t a re  re m o v e d , c a u s in g  th e  e d g e s  o f th e

ıf a  p la n e  w a v e fro n t ıs  re s tric te d  b y  a n  o b s ta c le  a s  s h o w n  in  F ig .  2 1 , s o m e  o f

F lg .  2 1

þd \t r -

ţ  A L k  n n  fħ\ u f t p * n u

� u h

l
' " ĦW A t, -

' f \u  p ų ı f 

1  
\h n  

ı
L

D  Ļ l'
j

' " ı U r f

s o u rc e s  g iv e s  th e  n e w  p o s itio n  o f th e  o rig in a l w a v e fro n t .

o f w a v e le ts .  T h e  e n v e lo p e  o f th e  w a v e fro n ts  p ro d u c e d  b y  th e s e  s e c o n d a ry

p r in c ip le  a n y  in s ta n t , a ll p o in ts  o n  a  w a v e fro n t c o u ld  b e  re g a rd e d  a s  s e c o n d a ry  s o u rc e s

H u y g e n
'
s  D u t c h p h y s ic is t C h ris tia n  H u y g e n , a  c o n te m p o ra ry  o f N e w to n , p ro p o s e d  th a t a t

R ' "  m ı e - s lit D iffra c t io n

re d  

v io le t

« A  C .  \o k r t  f q ıl  o
w \

.  O P

'

i o l e t  

w h i t e  
e  

A  ı  H  Lıfr '

Y t$ .

_

le r  s p e c tru m

g ra tin g

h a ĵ
ï  * O U t

h
w  r &  t 4  īuArw

 N ŁĮ

fa ll o n  it .

c e n tra l t in g e .  T h e  c e n tra ı fń n g e  re m a in s  w h ite  a s  a ll c o lo u rs  W

N o te  th a t th e  ıo n g e r w a v e ıe n g th  d e v ia te s  th e  m o s t * o m  th e  =

F o r re d  ıig h t  r(1ıL ,  

l .  Ox \0
-

(

'

0 ,  31
l

t .  OX  ¢Đ- \

F o r v io le t ıig h t  H  ]$ r y tb
-

1

J 5 o  Ð 

¢
Ł .  o \(l 0

-
Ė  

r h

S ıit s e p a ra tio n  I \  \ Đ
-

3

d iffra c tio n  g ra tin g  o f 5 0 0  ıin e s  p e r m m .

3 8 0 n m  (v io ıe t) to  7 8 0  n m  (re d ) is  in c id e n t n o rm a ııy  o n  a

i s   · i ! i  th e  1
s t 

o r d e r  s p e c t r a  w h e n  w h it e  li
g

h t  h a v in g  
w a v e ıe n g

t h s  f r o m

į  1 D e s c rib e ,  
w ith  th e  a id  o f  a  la b e lıe d  d ia g ra m , 

th e  a p p e a ra n c e  o f
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2 3

e x p e n

w a v e

o f w a

w e  c a

F ig .  2

rim e n t .

e s  fro m  th e s e  2  p o in ts  b e h a v e  lik e  s o u rc e s  in  a  tw o - s o u rc e  in te rfe re n c e

a v e s  a t th e  to p  a n d  a n o th e r o n e  a t th e  m id -

p o in t a  d is ta n c e  b /2  b e ıo w .

a n  d iv id e  th e  w a v e fro n t in to  tw o  h a lv e s , a n d  c o n s id e r a  s e c o n d a ry  s o u rc e

2 3  s h o w s  p la n e  w a v e fro n ts  in c id e n t o n  a  s in g le -

s lit o f w id th  b .  A t th e  s lit ,
S in g ıe - S lit M in im a

F ig .  2 2  s lits  o f  s a m e  w id th  a n d  s lit s e p a ra tio n

7  ılit*?ip 鬱
· 嚇 參 巻

@  %  @  æ *  e   · litı

\  a
,  d a #  · 

> #
"

»  4 ı 11 1  ·

ır n  
Ę  m  a  ı l łt ı

g re a te r d e ta il b y  F re n c h  s c ie n tis t A u g u s tin  F re s n e l tw o  c e n tu rie s  la te r) .

P a tt e r n  e x p la n a tio n  th a t fo llo w s  is  b a s e d  o n  H u y g e n
'

s  p rin c ip le  (it w a s  e x p la in e d  in

ın te rfė re n c e  B u t h o w  c a n  a  s in g le - s lit p ro d u c e  th e  in te rfe re n c e  p a tte rn  s h o w n  F ig .  2 2 ?  T h e

S in g e - S lit W e  h a v e  o b s e rv e d  a n d  s tu d ie d  tw o - s lit a n d  m u ltip le -
s lit in te rfe re n c e  p a tte rn .
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th e m s e ıv e s ) .

n o t b e  in  p h a s e  w ith  a n o th e r s e t o f w a v e le ts  (w h ic h  a re  in  p h a s e  a m o n g

in te rfe re n c e  b e c a u s e  a  s e t o f w a v e le ts  w h ic h  a rriv e  a t a  p o in t in  p h a s e , m a y

 H u y g e
n '

s

 p r inc i pl e c a n n o t  b e  u s e d  t o d e t er mi ne  p o s i tion s  o f  c o n s t ruc t ive �

d e s tru c tiv e  in te rfe re n c e  is  n o t p o s s ib le

th e re  w e re  a n  o d d  n u m b e r o f s e c tio n s  in  th e  w a v e fro n t , c o m p
le t e

e v e n  n u m b e r o f w a v e le ts  to  in te rfe re  d e s tru c tiv e ly  to  p ro d u c e  a  m in im u m .  If

o n ly  b e  d iv id e d  in to  e v e n  p a rts  s u c h  a s  2 , 
4

, 6 , 8 , e t c .  T h is  is  to  a llo w  a n

 T o  d e t er m i ne  t h e  p o s i ti on s  o f  t h e  m i ni ma ,
 t he  wa v e f ron t  a l on g  t he  s l it c a n �

d e riv a tio n  a re  a s s u m e d  to  b e  p a ra lle l.

s lit is  m u c h  la rg e r th a n  th e  w id th  b  o f th e  s in g ıe - s lit a s  th e  ra y s  u s e d  in  th e

 E q u a t i on  (3)  is on l y va l id wh e n  the  di st an c e  D of  the  sc r ee n  from  the  si ng l e- �

( ım p o rt a n t

'

\

T a k e  N o te

b  
w h e re  0 "

i  
·

a w a y  is  th e re fo re

F o r Q <  6
°

, th e  w id th  y  o f th e  c e n tra l b ń g h t frin g e  o n  a  s c re e n  a  d is ta n c e  D

- e q u a tio n  (3 )

o f w a v e ıe n g th  Ä  in c id e n t o n  a  s in g le  s lit o f w id th  b  is

H e n c e ,  th e  a n g le  Q  o f  th e  firs t m in im a  fro m  th e  s tra ig h t- th ro u g h  p o s itio n  fo r lig h t

b s in Q - n , w h e re  n  is  a  p o s itiv e  in te g e r .

o r d e s tru c tiv e  in te rfe re n c e  o c c u rs  a t a n g le  Q  a c c o rd in g  to

C o m b in in g  e q u a tio n s  ( 1 ) a n d  (2 ) , fo r s in g ıe - s lit in te rfe re n c e  p a tte rn , th e  m in im a

=  2 1 ,  4 1
,  
6 2 . . .  E v e n  n u m b e r o f w a v e le n g th s

b  s in o - 2 (2 n - 1) À e q u a tio n  (2 )

Si n  Q  =  (2 n - "
2

' w h e re  n  is  a  p o s itiv e  in te g e r

b  Ä

d e te rm in e  th e  p o s itio n s  o f d e s tru đ iv e  in te rfe re n c e , w e  n o w  g e t

If w e  d iv id e  th e  w a v e fro n t in to  fo u r q u a rte rs  a n d  a p p ly  th e  s a m e  a rg u m e n t to

=  11 , 3 1 , 5 1 . . .  o d d  n u m b e r o f w a  v e le n g th s

b s in Q - (2 n - 1) Ä e q u a tio n  (1)

P a th  d iffe re n c e
, Si n  Q - (2 n - 1) w h e re  n  is  a  p o s itiv e  in te g e r

b

o n e  a  d is ta n c e  l il2  b e lo w  it in  th e  lo w e r h a ıf o f th e  s lit

w a v e le n g th s .  T h is  a rg u m e n t is  a p p lie d  to  a n y  p o in t in  th e  to p
- h a ıf o f  th e  s lit a n d

b e tw e e n  w a v e s  fro m  th e  tw o  s e c o n d a ry  s o u rc e s  is  a n  o d d  n u m b e r o f h a l

T o  d e te rm in e  th e  p o s itio n s  o f th e  d a rk  frin g e s  o r m in im a
, th e  p a th  d iffe re n c e
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fa c ts l

ın  y o u r  n o te s , F ıg .  14 , 1 7 , 1 8 b , 1 9  a n d  2 0 b  i g n o r e d  t h e s e

th e  m in im a  o f th e  s in g le -
s lit d iĦra c tio n  p a tte rn .

s lit a n d  d iĦra c tio n  g ra tin g  in te rfe re n c e  p a tte rn  c o in c id e  w ith

(b ) T h is  ıs  b e c a u s e  th e  p o s itio n s  o f th e  m a x im a  o f th e  d o u b ıe -

th e  s in g le - s ıit d iffra c tio n  p a tte rn .

d iffra đ io n  g ra tin g  in te rfe re n c e  p a tte rn  is  re s tric te d  b y  th a t o f

(a ) T h is  ıs  b e c a u s e  th e  In te n s ity  o f th e  d o u b le -

s ıit a n d

a n d  d iffra c tio n  g ra tin g  in te rfe re n c e  p a tte rn ?

(b ) W h y a re  s o m e  o rd e rs  m is s in g  fro m  th e  Y o u n g

'

s  d o u b ı» s lit

d o u b le -

s lit a n d  d iffra c tio n  g ra tin g  in te rfe re n c e  p a tte m 7

(a ) W h y  a re  th e  h ig h e r-

o r d e r m a x im a  d im m e r in  th e  Y o u n g
'

s

'

Èi

w a v e s /V l s i D c e

� // w w w m y .  o r a /s d e n c ę l e h ) §į Đ l l i g w a v e g o c h t -

! � O e d j a o rg /w i d o u b l e
-

s  d iffra c tio Ł  Ða tte m Æ n 9

h tto  :/n a b m a n Æ m ßę d u /
p h y s 2 5 o i / m q d u l e s l m q d u l e % 2 0 i  a n d  iu e rfe rę b tm

h t t p m o e r o h m t r .  g s e /Ėh y g p v s i n s l i t ġ .  h tm l

h ttp  : Vıi v p e m h y s ic s .  e h pl @ s t e d u  l h b a s e  l o h l Æ o v s o l

s o u rc e s

F ig .  2 4

X , X 
e e  ıo p e

*  s @ @ ā #  � ř ø # e

D o u b le - s lit p a tte rn

d o u b ıe - s lit p a tte rn  b e ıo w

p a tte rn s  to  p ro d u c e  th e

O v e rıa p p in g  o f  2  s in g le -

s lit

.  q  W ¢ * w  ı i   ·  * M  ł i

G r a t in g

D iĦra c t io n

D o u b ıe - S ıit a n d

P a tt e r n  to  t h a t  o f

S ıit D iffra c tio n  S in g ıe -

s lit p a

L in k in g  S in g ıe -
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e x a m p le , u s in g  W  lig h t , r a th e r th a n  v is ib le  lig h t ,  a llo w s  fin e r d e ta ils  to  b e  s e e n .

in c re a s in g  th e  re s o lv in g  p o w e r) , s h o rte r w a v e le n g th  ıig h t m ig h t b e  u s e d .  F o r

It th e  s m a ıle s t re s o ıv a b le  s e p a ra tio n  b e tw e e n  im a g e s  is  to  b e  re d u c e d  (i.  e .

firs t  m ın ım u m  o f  t h e  o th e r  ım a g e .  (F o r a  c irc u ıa r a p e rtu r

o b je c ts .  T h ıs  h a p p e n s  w h e n  t h e  p e a k  ın te n s lty  o f  o  t h e

w h e re  Ä  is  th e  w a v e le n g th  o f th e  lig h t ra d ia tin g  o r re fıe c te d  fro m  th e  tw o

th ro u g h  a  s ıit o f w id th  b  w h e n  th e ir a n g u ıa r s e p a ra tio n  Q  s a tis fie s

L o rd  R a y le ig h  a rb itra rily  s e t th e  c rite rio n  th a t tw o  im a g e s  a re  j u s t  re s o ıv e d

F o r m u la

F ig .  2 5

(a ) «b )  (c )

-ii @

R e s o lv e d  R a y le ig h  c rite rio n  U n re s o lv e d

1 ' " m m m Ħ m m n
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N o te  s ln p  +  s iin Q  =.  22 s ln  

źź
' c o ss

2

' " '

P + Q  P - Ų

2
W e  fin d  th a t th e  d is ta n c e  b e tw e e n  tw o  s u c c e s s iv e  n o d e s  o r a n tin o d e s  is  a lw a y s  =

4  4  4
X =

ご ı
-

二

一

ı

― ―

事
· · ı

Ä 3 1  5 1

Ä 2
'

2
'

2  
' " ı

2 rr x  1r  3 tr  5 tr

A t th e  a n tin o d e s , t h e  a m p litu d e  is  m a x im u m  a n d  e q u a ls  2 a .  T h is  o c c u rs  w h e n

ı 

2
'X = O , ニ ス

。 . . .

― ―
= 0 , 1 r

，
2 1r . . 、

2 tr x

A t th e  n o d e s , th e  a m p ıitu d e  is  a lw a y s  z e ro  a n d

且

え

d is ta n c e  x  fro m  a  re fe re n c e  p o in t .

w h e re  A  =  2 a  s in  ― ―  

ıs  th e  a m p ıitu d e  o f th e  re s u lta n t s ta tio n a ry  w a v e  fo r a  p o in t a t a
2 tr x .

- A  c o s  co t

- 2 a  s in  
2

)" "

- 2 a  s in ― ― c o s  to t
2 tr x

= a s i n  Ĺ 
2  

-

ć o t + a s in  Ĺ 
2  

T . .

y  =  y l 
+  

y 2

b y th e  e q u a tio n

U s in g  th e  p ń n c ip ıe  o f  s u p e rp o s itio n  o f w a v e s , th e  re s u lta n t w a v e  c a n  b e  re p re s e n te d

w h e re  y  a n d  y 2  a re  tra v e ılin g  to w a rd  t h e  rig h t a n d  le ft re s p e c tiv e ly .

. - a  s i n  (
2  

-

t o t a n d  y 2  
= a s in  C 

2
+  co t

T h e  tw o  p ro g re s s iv e  w a v e s  m a y  b e  re p re s e n te d  b y  th e  e q u a tio n s

o f tw o  p ro g re s s iv e  w a v e s  h a v in g  th e  s a m e  fre q u e n c y  a n d  a m p litu d e  is  g iv e n  b e lo w .

A n  a n a ıy tic a l tre a tm e n t o f th e  p ro d u c tio n .  o f s ta t io n a ry  w a v e s  fro m  th e  s u p e rp o s itio n

A p p e n d ix  A  E Ħtio n a r y  w a v e s - A  M a th e m a t ic a l M r o a c l æ{ O n
'
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(日)
v  =  fÄ .  2 f ( - )

s o u n d  in  a ir c a n  b e  c a lc u ıa te d  u s in g

S in c e  th e  fre q u e n c y  f  o f th e  tu n in g  fo rk  is  k n o w n , s p e e d  o f

石えー L,
- L ,

A s  s h o w n  in  th e  d ia g ra m , e q u a tio n s  (b )
- (a )

ıe n g th  Ļ  : L z  ◆ c = % A  = = .  (b)

u n tiı a  s e c o n d  w e a k e r re s o n a n c e  is  h e a rd  In  (b ) .  N o te  th e  n e w

R e p e a t th e  a b o v e  s te p s  w h ile  lo w e rin g  th e  w a te r le v e l fu rth e r

o f th e  tu n in g  fo rk  L 1 
◆ c  ·  2 4  Ä - - (a )

.  T h e  a ir c o lu m n  is  s a id  to  b e  re s o n a tin g  w ith  th e  fre q u e n c y

a t its  lo u d e s t a s  s h o w n  in  (a ) .  N o te  th e  le n g th  o f th e  a ir c o ıu m n

T h e  w a te r le v e l is  g ra d u a lly  lo w e re d  o r d ra in e d  u n til th e  n o te  is

tu b e  filıe d  w ith  w a te r .

A  tu n in g  fo rk  o f fre q u e n c y  f  is  s tru c k  a n d  h e ld  o v e r th e  to p  o f a

U s in g  R e s o n a n c e  T u b e

v 一 f又一 2 fL

th e  s p e e d  o f th e  s o u n d  c a n  b e  c a lc u ıa te d  u s in g

d is p la c e m e n t n o d e s ) is  y z Ä  a n d  t h e  * e q u e n c y  f  c a n  b e  d e t e r m in e d  f r o m  t h e  C R O ,

S in c e  th e  d is ta n c e  L  b e tw e e n  tw o  s u c c e s s iv e  p re s s u re  a n tin o d e s  (o r4 .

p o s itio n  A  a n d  th e n  th e  n e x t m a x im u m  a t p o s itio n  B .

th e  w a v e fo rm  o n  th e  C R O  in c re a s e s  to  a  m a x im u m  (p re s s u re  a n tin o d e ) a t

A s  th e  m ic ro p h o n e  is  m o v e d  s lo w ly  to w a rd s  th e  ıo u d s p e a k e r
ı 
th e  a m p litu d e  o f3 .

p ro d u c e s  a  s ta tio n a ry  w a v e .

re fıe c tin g  b o a rd .  ın te l イ e re n c e  b e tw e e n  th e  in c id e n t a n d  re fle c te d  s o u n d  w a v e s

S o u n d  w a v e  o f c o n s ta n t fre q u e n c y  tra v e ls  fro m  th e  lo u d s p e a k e r to w a rd s  th e2 .

b o a rd  a n d  a  lo u d s p e a k e r c o n n e c te d  to  a  s ig n a l g e n e ra to r .

1 .  A  s m a ıl m ic ro p h o n e , c o n n e c te d  to  a  C R O , is  p o s itio n e d  b e tw e e n  a  re fıe c tin g

b o a rd

re fıe c tin g

U s in q  a t h

o r a  re s o n a n c e  tu b e .

T h e  s p e e d  o f s o u n d  in  a ir c a n  b e  m e a s u re d  e ith e r u s in g  a  c a th o d e - ra y  o s c illo s c o p e

A p p e n d ix  B  M e a s u r in g  s l  o f S o u n d  in  A ir
,  İ  

; ,
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a n d  v ic e  v e rs a .

n o d e s .  T h is  m e a n s  th a t th e  d is p la c e m e n t n o d e s  a re  a ls o  th e  p re s s u re  a n t in o d e s

N o tic e  th a t b o th  th e  m a x im u m  c o m p re s s io n s  a n d  m a x im u m  ra re fa c tio n s  o c c u r a t th e

p re s s u re ) .

p re s s u re ) w h ite  lig h t re g io n s  re p re s e n ts  a re a s  o f m a x im u m  ra re fa c tio n  (lo w e s t

s ta tio n a ry  w a v e .  D a rk  re g io n s  re p re s e n t a re a s  o f m a x im u m  c o m p re s s io n  (h ig h e s t

T h e  fo llo w in g

'

d ia g ra m  s h o w s  th e  a c tu a l p o s itio n  o f th e  p a rtic le s  in  a  lo n g itu d in a l

A p p e n d ix  C  v is u a ıiz in g  a  L o n g itu d in a ı s ta tio n a ry  w a v e  (u s e fu ı)
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c o n v e rte d  to  a u d io  s ig n a l.

v ib ra te .  T h e s e  v ib ra tio n s  a re  c o n v e rte d  in to  a n  e m f w h ic h  b e c o m e s  a m p lifie d  a n d

W n e n  th e  d ia p h ra g m  v ib ra te s , it c a u s e s  o th e r c o m p o n e n ts  in  th e  m ic ro p h o n e  to

C r o s s e c t i o n  o f  D y n a m ic  M ic ro p h o n e

m ic ro p h o n e .

m ic ro p h o n e  ıik e  th e  o n e  b e lo w
,  th e  d ia p h ra g m  is  lo c a te d  in  th e  h e a d  o f th e

a lu m in iu m ) w h ic h  v ib ra te s  w h e n  it is  s tru c k  b y  s o u n d  w a v e s .  In  a  ty p ic a l h a n d - h e ld

s h a re  o n e  th in g  in  c o m m o n  th e  d ra p h ra g m .  T h is  is  a  th in  p ie c e  o f m a te ria ı (s u c h  a s

D iffe re n t ty p e s  o f m ic ro p h o n e  h a v e  d iffe re n t w a y s  o f c o n v e rtin g  e n e rg y  b u t th e y  a ıı

e n e rg y  (a u d io  s ig n a l) .

fo rm  to  a n o th e r .  M ic ro p h o n e s  c o n v e rt a c o u s tic a l e n e rg y  (s o u n d  w a v e s ) in to  e le c t ric a l

M ic ro p h o n e s  a re  a  ty p e  o f tra n s d u c e r - a  d e v ic e  w h ic h  c o n v e rts  e n e rg y  fro m  o n e

A p p e n d ix  D  « o w  D o  M ic ro o n e s  W o rk T
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S ta n d in g w a v e s 1

S ta n d ın g  w a v e  ın  a  v ıo lin

c e ın te rfe re n c e 1 .  H tm !

h tw /z o n a la n d e d u c a tio n  c o m M s t Æ c e /tw o s o u rc e /T w o s o u l

h t t p a s i h m  / in   m

bļ ţeĽ n w w w æ n - c a p /-
m m

D o u b le  8 ııt p a tt e r n

h ttp  : m a b m a o p b e d u  / d h æ ? 3 6 /m o d u  ◆  m 9 /d m ı

h t // w w w . io n - c a p a o rg Ł m m p /k ĝ

S ın g le  s ilt p a tte r n

 i f '
F

3  Ë Si mu ıat ion  UÆ E t s to Ai d Vi su a l isa t i on  of  ınt er fer e n c e �

Ä =  f s in  đ
.

H e n c e ,

2

T h e  a n g u la r  p o s itio n  o f th e  l)
'h  

o rd e r  b rig h t f ń n g e  is

o rd e r b ń g h t fń n g e  is  n o te d .

th e  o p p o s ite  s id e  o f  th e  n o rm a ı to  th e  g ra tin g  a n d  th e  a n g u ıa r p o s itio n  ą  o f  th e  s a m e

c ro s s w ire  in  th e  te ıe s c o p e  a n d  its  a n g u la r p o s itio n  q is  n o te d .  It is  th e n  p o s itio n e d  o n

T h e  te le s c o p e  is  firs t ro ta te d  s u c h  th a t th e  ı)
a ı 

o r d e r  b r ig h t  f r in g
e  is  a t  t h e  c e n t r e  o f  t h e

v a rio u s  a n g u ıa r p o s itio n s .

in c id e n t n o rm a ııy  o n  th e  d iffra đ io n  g ra tin g .  A s  a  re s u lt , b ńg h t frin g e s  a re  p ro d u c e d  a t

A  p a ra ııe ı, n a iT o w  b e a m  o f m o n o c h ro m a tic  lig h t , a fte r e m e rg in g  fro m  th e  c o l m a to r , is

m o  

S

A p p e n d ix  E  E e te r m in a tio n  o f  W a v e ıe n g th  o f  m a ] u s in g  D iĦ r a c t io n  G r a t in
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