
m is s in g .

5 1 5  E x p la in  w h y  c e rta in  o rd e rs  o f th e  in te rfe re n c e  p a tte rn  o f a  d iffra c tio n  g ra tin g  a re

5 1 4  S ta te  th e  R a y le ig h  c rite ń o n  fo r im a g e  re s o lu tio n .  E x p la in  y o u r s y m b o ıs  c ıe a rly .

d iffra c tio n  p a tte rn  o c c u r .  W h a t c o n d itio n  is  n e c e s s a ry  fo r th e  e x p re s s io n  to  b e  v a lid ?

5 1 3  S ta te  th e  e x p re s s io n  w h ic h  g iv e s  th e  a n g le s  a t w h ic h  th e  m in im a  o f a  s in g læ s ıit

b e a m  o f m o n o c h ro m a tic  lig h t p a s s e s  th ro u g h  a  d iffra c tio n  g ra tin g ?

5 1 2  H o w  d o  y o u  c a lc u ıa te  th e  m a x im u m  n u m b e r o f o rd e rs  th a t c a n  b e  o b s e rv e d  w h e n  a

in  its  d e riv a tio n .

5 1 1 W h a t is  th e  g ra tin g  fo rm u la ?  D e fin e  th e  s y m b o ıs  u s e d  a n d  s ta te  th e  a s s u m p tio n  u s e d

w h a t c o n d itio n s  w o u ıd  th e  e q u a tio n  p ro v id e  a n  a c c u ra te  v a lu e  o f ×?

n  th e  w a v e le n g th  Ä , th e  s lit s e p a ra tio n  a  a n d  th e  s lit to  s c re e n  d is ta n c e  D
'
?  U n d e r

In  a  Y o u n g
'

s  doubısıit e x p e rim e n t , w h a t is  th e  re ıa tio n  b e tw e e n  th e  frin g e  s e p a ra tio n5 1 0

in te rfe re n c e  p a tte rn , b u t s o u n d  fro m  tw o  lo u d s p e a k e rs  c a n .

5 9  E x p la in  w h y  lig h t fro m  tw o  m o n o c h ro m a tic  s o u rc e s  d o  n o t p ro d u c e  a n  o b s e rv a b ıe

o b s e rv a b le ?

5 8  W n a t a re  th e  n e c e s s a ry  c o n d itio n s  fo r tw o - s o u rc e  in te rfe re n c e  p a tte rn  to  b e

in te rfe n e n c e ?

5 7  W n a t d o  y o u  u n d e rs ta n d  b y  th e  te rm s  c o h e re n c e ,  
a n d  c o n s tru c tiv e  a n d  d e s tï u c tiv e

s tra ig h t ıin e . )

5 6  W n y  is  d iffra c tio n  o f ıig h t n o t e a s ily  o b s e rv e d ?  (lt w a s  th o u g h t th a t lig h t tra v e ıs  in  a

a p e rtu re  is  re d u c e d  o r w h e n  it is  e n la rg e d ?

5 5  W n a t is  d iffra c tio n ?  ls  th e  e n e c t o f d iffra c tio n  m o re  p ro n o u n c e d  w h e n  th e  s iz e  o f th e

c lo s e d  a n d  w ith  b o th  e n d s  o p e n ?

b o th  e n d s ?  W h a t a b o u t th a t o f a  s ta tio n a ry  s o u n d  w a v e  s e t u p  in  a  p ip e  w ith  o n e  e n d

5 4  W n a t is  th e  lo n g e s t p o s s ib ıe  w a v e le n g th  o f a  s ta tio n a ry  w a v e  a o t u p  In  a  s trin g  fix e d  a t

o f a  s ta tio n a ry  w a v e ?  H o w  a b o u t th e ir a m p ı¢tu d e s ?

5 3  W n a t is  th e  p h a s e  d iffe re n c e  b e tw e e n  p a rlic ıe s  lo c a te d  b e tw e e n  tw o  a d ja c e n t n o d e s

5 2 H o w  ls  a  s ta tio n a ry  w a v e  fo rm e d ?

5 1 W n a t ls  th e  p rin c ip ıe  o f ıu p e rp o s itio n ?
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(c ) th e  n u m b e r o f d itfta c tio n  m a x im a  o b s e rv e d .

(b ) th e  a n g le  to  th e  n o rm a l a t w h ic h  th e  firs t o rd e r m a x im u m  is  s e e n ,

(a ) th e  g ra tin g  s p a c in g ,

m o n o c h ro m a tic  ıig h t o f w a v e ıe n g th  6 0 0  n m .  C a lc u la te

S P 6  A  d iffra c tio n  g ra tin g  h a s  4 0 0  lin e s  p e r m m  a n d  is  ilıu m in a te d  n o rm a ıly  b y

0   

·
(c ) W n a t c a n  b e  s a id  a b o u t th e  frin g e  s e p a ra tio n  b e tw e e n  h ig h e r o rd e r frin g e s ?

Oi) th e  s c re e n  is  m o v e d  c lo s e r to  th e  s lits ?

(i) th e  s e p a ra tio n  o f th e  s lits  is  d e c re a s e d ?

(b ) W h a t is  th e  e ffe c t o n  th e  a p p e a ra n c e  o f th e  frin g e s  if

(a ) W h a t is  th e  s e p a ra tio n  o f th e  frin g e s  o n  th e  s c re e n ?

1 .  2  m .

w h e re  th e  s lits  s e p a ra tio n  is  0 .  4 0  m m  a n d  th e  d is ta n c e  o f th e  s ıits  to  th e  s c re e n  is

R e d  ıig h t o f w a v e le n g th  6 .  0  × 1 0
4  

m  is  in c id e n t n o rm a lly  o n  a  Y o u n g

'

s  d o u b ıe -
s lit,

S P 5

o f th e  w a v e s ?

th e  d e te c to r d e te c te d  z e ro  in te n s ity  w e re  ıo c a te d  1 .  5  c m  a p a rt .  W h a t is  th e  fre q u e n c y

m ic ro w a v e  d e te c to r is  tra v e rs e d  a lo n g  th e  s ta n d in g  w a v e ,  s u c c e s s iv e  p o in ts  a t w n ic h

re lle c te d  w a v e  a n d  th e  in c id e n t w a v e  s u p e rp o s e  to  fo rm  a  s ta n d in g  w a v e .  W h e n  a

A  m ic ro w a v e  tra n s m itte r e m its  w a v e s  w h ic h  a re  re lle c te d  fro m  a  m e ta ı p ıa te .  T h eS P 4

s o u n d  ın  a ir ls  3 0 0  m  s
-

1

,  d e te rm in e  th e  tw o  lo w e s t re s o n a n t fre q u e n c ie s .

S P 3 A n  o rg a n  p ip e  o f e Ħe c tiv e  le n g th  0 .  6 0  m  ıs  c lo s e d  a t o n e  e n d .  G iv e n  th a t th e  e p e e d  o f

Oi) W rıa t ls  th e  s p e e d  o f th e  tra n s v e rs e  w a v e s  In  th e  s trin g  in  te rm s  o f ¢a  a n d  L ?

(I) W rıa t l8  th e  ra tio  ¢zlf, ?

firs t o v e rto n e  fre q u e n c y  fz ls  a ls o  p ro d u c e d .

fu n d a m e n ta ı n o te  o f fre q u e n c y  f. .  W n e n  th e  s trin g  l8  p lu c k e d  a l a  d iffe re n t p o in t ,  th e

A  s trin g  o f le n g th  L , fix e d  a t b o th  e n d a ,  l8  p k tc k e d  a t H s  m id p o in t w x l e m its  itı

S p 2 J 8 óı1ı1 2

re s o n a n t v ib ra tio n s  a t itı fu n d a m e n ta l fre q u e n c y .

o f th e  b rid g e  ls  4 0 0  m  s
-

1

,  C a lc u la te  th e  le n g ıh  o f ttıe  b rid g e  w h e n  ıh e re  ıı d a n g e r o f

g u s t a t S  ı In ıe rv a ıs .  ıl ia  e s ıim a ıe d  ıh a t lh e  ıp e e d  o f tra n s v e rs e  w a v e s  tılo n g  th e  a p a n

A  s u s p e n s io n  b rid g e  il  ıD  b e  b u ilt a u o s s  a  v a lle y  w h e re  iı Iı k n o w n  ıH M  w in d a  c a nS P 1

S e lf - P r a c tic e  Q u o a tıo n s
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D  Ä Àla

C  Ä Àt2 a

B  À/2  Àla

A  1/2  1}2 a

S P - R P  s in  Q

爿
늬

口

P

J n d  fo r s in  O ?

W h ic h  o f th e  fo llo w in g  g iv e s  th e  c o rre c t e x p re s s io n s  fo r th e  p a th  d iĦe re n c e  S P - R P

i

m a k e s  a n  a n g le  đ w ith  th e  d ire c tio n  o f th e  in c id e n t lig h t a s  s h o w n  b e lo w .

a .  T h e  d iĦra c tio n  p a tte rn  is  fo rm e d  o n  a  s c re e n  P Q .  T h e  firs t m in im u m  o f th is  p a tte rn

M o n o c h ro m a tic  lig h t o f w a v e le n g th  À  is  in c id e n t n o rm a lly  o n  a  s in g le  s ıit R S  o f w id thS P 1 0

C  ıl.  6 × ı0 9 J 7 7 /ï U ı4

B  9 .  6 × 10  E  2 .  3 × 10¢

A  5 .  8 × 10
3 D  ı9 .  2 x lo

s

m c ır e  a re  th e re  o n  th e  g ra tin g ?

fro m  th e  d ire c tio n  o í  th e  in c id e n t b c ım  H o w  m a n y  ıin e s  p e r

se c o n d  o n d e r  r p e c tru m  is  d iıT ra c tc d  th ro u g h  a n  a n g le  o f  6 o p

d iffra c tio n  g ra tin g .  T h c  m o st d e v iıte d  w a v e lc n s t h  i n  th e

4 .  5 × ı ī  m  1o  7 .  5 × ı
? 

m » ls  in c id e n t n o rm a lıy  o n  a

A  pırııle ı b e a m  o f  w h lıe  lis h t ( ra n g e  o f  w a v e le n g th s

S P 9
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4

(b ) th e  lo w e s t fre q u e n c y  a t w h ic h  th e  tu b e  w ill re s o n a te  w h e n  it is  o p e n  a t b o th  e n d s .

(a ) th e  e n d - c o rre c tio n , a n d

o b s e rv e d  w h e n  th e  le n g th  o f a ir c o lu m n  is  4 8 .  0 c m .  D e te rm in e

5 12 H z  w h e n  th e  a ir c o ıu m n  a b o v e  th e  w a te r le v e l is  1 4 .  8  c m .  T h e  n e x t re s o n a n c e  is

w a te r .  A s  it is  ra is e d , th e  tu b e  firs t re s o n a te s  to  a  v ib ra tin g  tu n in g
- fo rk  o f fre q u e n c y

 A  6 0 .  0  c m  lo n g , 
v e r tic a ı h o llo w  tu b e  is  in itia lly  s u b m e rg e d  ju s t b e lo w  th e  s u rfa c e  o f

* e q u e n c ie s  o f v ib ra tio n  o f th e  o s c ilıa to r ,

(c ) E x p la in  w h y  a  s ta tio n a ry  w a v e  is  o b s e rv e d  o n  th e  s trin g  o n ly  a t p a rtic u la r

(b ) O n  y o u r  d ia g ra m , ıa b e l th e  p o s itio n  o f n o d e s  N  o n  th e  s trin g .

th e  w a v e  o n  th e  s trin g .

d is ta n c e  b e tw e e n  th e  o s c illa to r a n d  th e  p u lıe y  c o rre s p o n d s  to  tw o  w a v e le n g th s  o f

(a ) D ra w  th e  s ta tio n a ry  w a v e  o n  th e  s trin g  w h e n  th e  fre q u e n c y  is  s u c H  th a t th e

s trin g  a t c e rta in  fre q u e n c ie s .

A s  th e  fre q u e n c y  o f th e  o s c illa to r is  in c re a s e d , s ta tio n a ry  w a v e s  a re  p ro d u c e d  o n  th e

上
一

■
冒

o v e r a  p u lle y .  T h e  s trin g  is  k e p t u n d e r te n s io n  b y  m e a n s  o f a  w e ig h t a s  s h o w n  b e lo w .

O n e  e n d  o f a  h o riz o n ta l s trin g  is  a « a c h e d  to  a n  o s c illa to r a n d  th e  o th e r e n d  is  p a s s e d

D 1 J 9 9 /3/4

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

D is c u s s io n  Q u e s tio n s

in c re a s e d .

D  th e  in te n s itie s  o f a [l th e  p e a k s  d e c re a s e d  a n d  th e  w id th  o f th e  p a tte rn

p a tte rn  in c re a s e d .

C  th e  in te n s itie s  o f a lt th e  p e a k s  re m a in e d  u n c h a n g e d  a n d  th e  w id th  o f th e

d e c re a s e d .

B  th e  in te n s itie s  o f a ïl th e  p e a k s  d e c re a s e d  a n d  th e  w id th  o f th e  p a tte rn

u n c h a n g e d .

A  th e  in te n s itie s  o f a ll th e  p e a k s  d e c re a s e d  a n d  th e  w id th  o f th e  p a tte rn  re m a in e d

S P I L W ith  re fe re n c e  to  S P 1 0 , 
w h e n  th e  w id th  o f th e  s lit is  re d u c e d

,
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5

S u g g e s t s u ita b ıe  v a ıu e s  fo r d  a n d  D .

s e p a ra tio n  s  a re  fo rm e d  o n  th e  s c re e n .  S ta te  th e  re ıa tio n  b e tw e e n  Ä , s , d , a n d D .

a n d  p ro d u c e s  frin g e s  o n  th e  s c re e n .  W ith  lig h t o f w a v e le n g th  Ä , 
b rig h t frin g e s  o f

S  illu m in a te s  a  n a rro w  s lit A , 
w hic h  a c ts  a s  a  s o u rc e  fo r th e  n a rro w  s ıits  B  a n d  C ,

T h e  fig u re  a b o v e  illu s tra te s  th e  Y o u n g

'

s  d o u b ıe - s ıit e x p e rim e n t .  A  s o u rc e  o f ıig h t

b e tw e e n  tw o  s e p a ra te  w a v e  tra in s ?

(ii) in te rfe re n c e

(i) c o h e re n c e

(a ) W h a t d o  y o u  u n d e rs ta n d  b y

D 6  J 8 5 /3 /8  (m o d ifıe d )

is  th e  s e p a ra tio n  b e tw e e n  th e  th ird - o rd e r in te rfe re n c e  frin g e s  o n  th e  s c re e n ?

ıig h ts  o f w a v e ıe n g th s  4 8 0  n m  a n d  6 0 0  n m  a re  in c id e n t p e rp e n d ic u la rly  to  th e  s lits .  W h a t

a re  1 .  0  m  fro m  th e  s c re e n .  T w o  in te rfe re n c e  p a tte rn s  c a n  b e  s e e n  o n  th e  s c re e n  w h e n

In  a  Y o u n g
'

s  d o u b le - s lit e x p e rim e n t , th e  d is ta n c e  b e tw e e n  s lits  is  0 .  5 0  m m  a n d  th e  s ıitsD 5

W h a t is  th e  s m a lle s t ra d iu s  r  s u c h  th a t a  m in im u m  w ill b e  h e a rd  a t th e  d e te c to r?

一 本 デ
s o u rc e  G  Đ

is  lin k e d  to  a  s tra ig h t p ip e  a s  s h o w n  b e lo w .

W  " " .  o f " " I' " t h  0 .  4 2  m  e n te r a  tu b e  w h e re a  s e m i- c irc u la r p ip e  f ra d  s r

T w o - S o u rc e  In te rfe re n c e

(b ) th e  p o s itio n s  o f th e  tw o  m in im a  th a t lie  b e tw e e n  th e s e  tw o  p e a k - s ig n a ıs ,

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

c a ıc u ıa te

is  a t th e  6 9 8  m m  m a rk .

m m  m a rk  o n  a  ru le r p ıa c e d  b e tw e e n  R  a n d  S .  T h e  th ird  p e a k - s ig n a l is  d e te c te d  w h e n  M

C R O  s ig n a ls  s h o w  th a t th e  firs t p e a k - s ig n a ı is  d e te c te d  w h e n  M  is  lm a te d  a t (h e  1 3 0

R  a n d  S , a n d  th e  s ig n a l fro m  M  is  m o n ito re d  o n  a  C R O .

re fle c to r R  to  p ro d u c e  a  s ta tio n a ry  w a v e .  A  s e n s itiv e  m ic ro p h o n e  M  is  m o v e d  b e tw e e n

D 3 A  lo u d s p e a k e r S , 
w h ic h  is  e m ittin g  s o u n d  o f fre q u e n c y  6 0 0  H z , is  p ıa c e d  in  t o n t o f a
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s p e c tru m ?

a p p e a r a t th e  a n g le  c o rre s p o n d in g  to  a  w a v e ıe n g th  o f 6 5 0  n m  in  th e  s e c o n d -

o r d e r

a n d  th ird  o rd e rs  p a rtia lly  o v e rla p .  W h a t w a v e ıe n g th  in  th e  th ird -
o r d e r s p e c tru m  w ill

y ū  in  th e  s p e c tru m  o f w h ite  lig h t o b ta in e d  b y  u s in g  a  c e rta in  d iĦra c tio n  g ra tin g , th e  s e c o n d

D  iTra c tı o  n  G ra t in g

零

售〒

C a ıc u la te  th e  n u m b e r o f s ig n a l m a x im a  o b s e rv e d  d u rin g  th is  c h a n g e  o f fre q u e n c y .

th e  g ro u n d  1 2 0  k m  a w a y  fro m  S  o b s e rv e d  fıu c tu a tio n s  in  th e  re c e iv e d  s ig n a l s tre n g th .

W h e n  th e  tra n s m itte d  w a v e ıe n g th  is  s ıo w ly  c h a n g e d  fro m  2 0 0  m  to  1 8 0  m , a  r e c e iv e r o n

w a s  th e  H e a v is id e  la y e r - a  re fle c tin g  la y e r in  th e  a tm o s p h e re  8 0  k m  a b o v e  th e  g ro u n d .

In  th e  A p p le to n
'

s  e x p e rim e n t , S  w a s  a  ra d io  tra n s m itte r o n  th e  E a rth
'

s  s u r fa c e  a n d  R

in c re a s e d  o r d e c re à s e d .  A s s u m e  th a t n o  p h a s e  c h a n g e  o c c u rs  u p o n  re fle c tio n  w ith  R .

d ire c tio n  y  a s  s h ò y v n .  A c c o u n t fo r th is ,  a n d d e d u c e  w h e th e r th e  fre q u e n c y  h a s  b e e n

W n e n  th e  fre  c y  o f S  is  c h a n g e d  s lo w ly , th e  re g io n s  C , C
'

a n d C  
ıı 

m o v e  in  th e

o f h ig h  in te šs  y  s u c h  a s  C ,  C  
ı 

a n d  C
"

a s  s h o w n  b e ıo w .  A c c o u n t fo r th is .

A  s o u rc e  S  o f c o n tin u o u s  w a v e s  a  d is ta n c e  h  * o m  a  p la n e  re fle c to r R  p ro d u c e s  re g io n s

(ta k e  O
'

a s  th e  o
ıh  

o rge r m a x im u m ) .  F in d  th e  w a v e ıe n g th  o f th e  u n k n o w n  s o u rc e .

w a v e le n g th , R  is  fo u n d  to  b e  th e  lo c a tio n  o f th e  9 0
"

b r ig h t f r in g e

c o u n tin g  fro m  O
'

lie s  a t R .  U p o n  re p ıa c e m e n t o f th e  s o u rc e  b y  o n e  o f u n k n o w n

fc ) W h e n  th e  w a v e le n g th  o f th e  s o u rc e  is  5 0 0  n m , th e  c e n te r o f th e  1 2 0  d a rk  frin g e

a x is  a lig n e d , a n d th a t in  t o n t o f B  is  s lo w ly  ro ta te d .

(iv ) s ıits  B  a n d  C  a re  b o th  c o v e re d  w ith  s h e e ts  o f p o la ro id  w ith  th e ir p o la ris in g

(iii) a  th in  s h e e t o f tra n s p a re n t p ıa s tic  is  in s e rte d  b e tw e e n  s lit B  a n d  s lit A ,

Oi) th e  lig h t e m e rg in g  fro m  s lit B  is  re d  u c e d  in  in te n s ity  to  h a lf th a t fro m  s lit C ,

(i) b o th  s ıits  B  a n d  C  a re  m a d e  n a rro w e r w h ils t k e e p in g  d  c o n s ta n t ,

D e s c rib e  a n d  e x p ıa in  w h a t h a p p e n s  to  th e  frin g e s  if



$ - p  U  
1 0 m m

t  
'
L F O n M

þ  
· t o n n  Cın ı o r l\° ľ ı  

· \ "

1 
lh A °

1 )

r>   · 
s ū o  

i n

o b s e rv e  s m a ll o b je c ts  o r s h o rt d is ta n c e s .

(c ) S u g g e s t a  w a y  to  im p ro v e  th e  re s o lu tio n  o f a n  im a g in g  s y s te m  w h ic h  is  u s e d  to

o f th e  im a g e s  fo r a  c ritic a ı v a lu e  o f w  w h e n  th e  im a g e s  a re  ju s t re s o lv a b le .

{b ) S ke tc h  a  g ra p h  s h o w in g  th e  in te n s ity  v a ria tio n s  a lo n g  a  lin e  th ro u g h  th e  c e n tre s

(a ) S k e tc h  th e  a p p e a ra n c e  o f th e  im a g e s  o b s e rv e d  fo r s m a ll a n d  la rg e  v a lu e s  o f w .

s lit o f w id th  W .

D 1 1 T w o  c lo s e ly  s p a c e d  m o n o c h ro m a tlc  p o in t s o u rc e s  o f ıig h t a re  v ie w e d  th ro u g h  a  s in g le

H a y le ıg h  C r ite rio n

s h o w in g  th e  w h o le  p a tte rn  o b s e rv e d .

(c ) W ith o u t m a k in g  a n y  fu rth e r c a lc u la tio n s , 
d ra w  a  s k e tc h  s im ila r to  F ig .  1 0  (b )

(b ) D e s c rib e  a n d  e x p ıa in  w h a t w ilı b e  o b s e rv e d  a t a n  a n g ıe  o f 5 4 .  8 °
.

(a ) C a lc u la te  th e  w a v e le n g th s  o f th e s e  tw o  c o ıo u rs .

1 1 .  8 ° 
a n d  t h e  f ir s t  o r d e r  r e d  li

g
h t  a t  a n  a n

g
le  1 5 .  8 ° 

a s  s h o w n  in  F i
g

.  10  (b )

lig h t fro m  a  g lo w in g  g a s .  It is  fo u n d  th a t th e  firs t o rd e r v io le t lig h t e m e rg e s  a t a n  a n g le

A  d iffra c tio n  g ra tin g  w ith  a  g ra tin g  s p a c in g  o f 2 .  2 0  × 1 0
-

6  

m  is  u s e d  to  e x a m in e  th e

F ig .  10  (a ) F ig .  10  (b )

g ra tin g  g ra tin g

d  iffra c tio n  d iffra c tio n

la s e r 
z "

u

re d  ıig h t fw
Tigs  m  g a s

o rd e r v io ıe t

U s e  th e  p rin c ip le  o f s u p e rp o s itio n  to  s u g g e s t a  q u a lita tiv e  e x p la n a tio n  o f th is  e ffe c t .

lig h t is  s e e n  e m e rg in g  a t c e rta in  a n g le s  a s  s h o w n  in  F ig .  1 0  (a ) .

A  b e a m  o f re d  lig h t fro m  a  la s e r is  s h o n e  n o rm a lly  o n  to  a  d iffra c tio n  g ra tin g  B rig h t

D 1 0  J 9 313 /2

■
冒

号

(b ) W h a t is  th e  m a x im u m  o rd e r o f e a c h  c o lo u ľ ?

(a ) F in d  th e  w a v e ïe n g th s  o f e a c h  o f th e s e  lin e s .

d a rk  b lu e  1 3 .  5 3

lig ht b lu e  1 3 .  8 9

g re e n  1 4 .  7 4

re d  1 8 .  7 8

c o lo u r a n q lę  ! 
°

th e  firs t o rd e r s p e c tra l ıin e s  w e re  o b s e rv e d  a t th e  s ta te d  a n g le s ,

D 9  W h e n  a  c a d m iu m  lig h t is  v ie w e d  th ro u g h  a  d iffr a c tio n  g ra tin g  h a v in g  5 0 0  lin e s  p e r m m ,
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8

X

d e te c te d  b e tw e e n  Y  a n d  Q , 
in c ıu s iv e .

s ig n a ı ris e s  a n d  fa lls  in  a m p litu d e .  C a ıc u la te  h o w  m a n y  d ip s  in  in te n s ity  w iıl b e

(d ) W h e n  th e  s h ip  s a ils  fro m  Y  to  th e  h a rb o r a lo n g s id e  tra n s m itte r Q , 
t h e  d e te c te d

th a t fro m  e ith e r tra n s m itte r a lo n e .  H o w  fa r h a s  th e  s h ip  m o v e d ?

(c ) T h e  s h ip  m o v e s  in  th e  d ire c tio n  Y Q  u n til th e  s ig n a l d e te c te d  h a s  a m p ıitu d e  tw ic e

a m p litu d e  o f th e  s ig n a l d e te c te d  b y  th e  s h ip  is  z e ro .  E x p la in  th is .

(b ) T h e  s h ip  m o v e s  in  a  s tra ig h t lin e  fro m  X  to  Y .  T h ro u g h o u t th e  jo u rn e y  th e

a b o u t th e  s ig n a ls  fro m  P  a n d  Q ?

(a ) In  th e  fig u re , t h e  s h ip  a t X  d e te c ts  n o  s lg n a ı.  W h a t in fo rm a tio n  d o e s  th is  g iv e

3 0  k m  3 0  k m  
>

e q u a ı a m p litu d e  

p L  

Y   

· Q

b e lo w .  B o th  tra n s m itte rs  o p e ra te  o n  a  w a v e le n g th  o f 3 0 0  m  a n d  ra d ia te  s ig n a ls  o f

A  s h ip  a t X  is  e q u id is ta n t fro m  tw o  s h o re - b a s e d  ra d io  tra n s m itte rs  P  a n d  Q  a s  s h o w n

零

售

D 1 3 A  s h ip  a t X  is  e

A d d itio n a l Q u e s t io n

th e  w id th  o f th e  s lit is  h a lv e d .

(e ) D ra w  a n o th e r g ra p h  o n  th e  s a m e  a x e s  to  re p re s e n t th e  d itfta c tio n  p a t t e r n  w h e n

ıin e  P Q  o n  th e  s c re e n .

(d ) D ra w  a  g ra p h  o f in te n s ity  I  a g a in s t d is ta n c e  x   
· 

* o m  th e  c e n tra l p o in t O  a lo n g  th e

pıa n e  w a v e s  in c id e n t n o rm a ıly  o n  th e  s ıit .

(c ) D e d u c e , fro m  firs t p rin c ip le s , th e  d ire c tio n  o f th e  firs t d iffra c tio n  m in im u m  fo r

w a v e le ts ?

(b ) H o w  is  H u y g e n
'

s  p rin c ip le  u s e d  to  e x p ıa in  d itfta c tio n  in  te rm s  o f s e c o n d a ry

(a ) W h a t d o  y o u  u n d e rs ta n d  b y  th e  d iffra c tio n  o f w a v e s ?

ltte rn .

'

w id th  w .  A

ズ

ム

P  

Q

W h a t d o  y o u  u n d e rs ta n d  b y  th e  d iffra c tio n  o f w a v e s ?

Þ /  ◆  0

e n  P Q  is  s e t u p  s o m e  d is ta n c e  fro m  th e  s lit to  o b s e rv e  th e  d iffra c tio n  p a l

o c h ro m a tic  lig h t o f w a v e le n g th  Ä  is  in c id e n t n o rm a ııy  o n  a  n a rro w  s ıit o fD 1 2  M o n o c h ro m a tic  li

S in g ıe  S ıit D if fra c t io n



D 13 (c ) 7 5  m , (d ) 2 0 0
D 10 (a ) 4 .  5 0  × 1 0

-
7  

m , 5 .  9 9  × 1 0

-
7  

m

D 9  (a ) 6 4 4 n m
, 
5 0 9  n m ,  

4 8 0  n m ,  4 6 8  n m , (b) 3 , 3 , 
4 , 4

D 8 4 3 3 n m

W  4 4n 7 鬧

D 6  (c ) 6 6 4  n m

D 3 (a ) 3 4 1 m  s
'

,  (b) 2 72  m m , 5 5 6  m m

D 2 (a ) 1 .  8
9 ,  (P?. 2 6 7  H z

S P 7  D  S P 8  C  S P 9  A  S P 1 0  D  S P I L D

S P 6  (a ) 2 .  5 × 1 0

-

e  

m  (b ) 1 3 .  9 ° 

(c ) 9

(c ) th e  frin g e  s e p a ra tio n  x  in c re a s e s  fo r h ig h e r o rd e r frin g e s .

S P 5  (a ) 1 .  8  m m , (b ) (i) frin g e  s e p a ra tio n  in c re a s e s , (ii) frin g e  s e p a ra tio n  d e c re a s e s ,

S P 4 1 .  0 × 1 0
"

H z

S P 3  1 2 5  H z , 3 7 5 H z

S P 2  (i) 2 , (ii) f,  L
S P 1 1 0 0 0 m

A n s w e rs

A n s  : 5 4 1 n m  (g re e n )

m e d iu m  fro m  a  d e n s e r o n e .

1 8 0 ° 

p h a s e  s h if t .  N o  s u c h  p h a s e  s h ift o c c u rs  w h e n  lig h t e n te rs  a n  o p tic a lly  le s s  d e n s e

N o te  : W h e n  lig h t e n te rs  a  d e n s e r m e d iu m  fro m  a  le s s - d e n s e  m e d iu m , it w ill u n d e rg o  a

re s p e c tiv e ly .

re ïle c te d  lig h t .  T a k e  th e  re fra c tiv e  in d ic e s  o f a ir a n d  w a te r to  b e  1 .  0 0  a n d  1 .  3 0 ,

w h ic h  a re  re fle c te d  a t th e  o il-
w a te r a n d  o il-

a ir b o u n d a ry , 
fin d  th e  d o m in a n t c o lo u r in  th e

2 8 0  n m  th ic k  a n d  h a s  a  re fra c tiv e  in d e x  o f 1 .  4 5 .  B y c o n s id e rin g  in te rfe re n c e  o f lig h t ra y s

A n  o il film  fıo a tin g  in  w a te r is  illu m in a te d  b y  w h ite  lig h t a t n o rm a l in c id e n c e .  T h e  fiım  isC 2

A n s  2 .  8 8  × 1  0

-
3  

m

in d e x  o f th e  g la s s  is  1 .  5 .

C a lc u la te  O P , if th e  w a v e le n g th  o f th e  tw o  s o u rc e s  is  6 .  0  × 1 o

-
7  

m  a n d  th e  re fra c tiv e

o f 5 1 a s  s h o w n , t h e  c e n tre  o f th e  frin g e  s y s te m  m o v e s  fro m  0  to  a  p o in t P .

W h e n  a  th in  p a ra lle l-

s id e d  p ie c e  o f g la s s  G  o f th ic k n e s s  3 .  6  × 1 0

-

e  

m  is  p ıa c e d  in  fro n t

G

5 2

o  5 o  m  rrT 4o

ĄPS , n

0 .  8 0  m  fro m  th e  s lits .

b y a  d is ta n c e  o f 0 .  5 0 m m .  P o s itio n  O  is  e q u id is ta n t fro m  5 1 a n d  S z , a n d th e  s c re e n  is

In  th e  fig u re  b e lo w , 5 1 a n d  S z  a re  tw o  c o h e re n t m o n o c h ro m a tic  lig h t s o u rc e s  s e p a r a te dC 1

Ķ  Ţ
"

? j ĥ .  &C h a ııe n m  Q u e s tio n s
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1 0

in te rfe re n c e  p a t t e r n  d o e s  n o t n u c tu a te .

lo n g  c o n tin u o u s  w a v e - tra in s  w h ic h  h a v e  a  c o n s ta n t p h a s e  d iffe re n c e .  H e n c e , th e
O n  th e  o th e r h a n d ,  tw o  lo u d s p e a k e rs  c o n n e c te d  to  th e  s a m e  s ig n a l g e n e ra to r p ro d u c e

o b s e rv a b le .

th 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  in  p h a s e , 
t h e  p a tte rn  is  n o t

lig ht p u ls e s  fro m  th e  s o u rc e s  h a v e  s h o rt d u ra tio n s  a n d  a b ru p t c h a n g e  in  p h a s e .  S in c e

S e p a ra te  ıig h t s o u rc e s  o f th e  s a m e  * e q u e n c y  d o  n o t p ro d u c e  c o h e re n t w a v e s  b e c a u s e5 9

 F o r  t r a n s v e r s e  w a v e s ,  t he y  mu s t  be  un p o l ar ise d  or  po ıar ise d  in the  sa m e  pl an e . �

 T h e  w a v e s  m u s t  o v e r ıap  a n
d  b e  o f  the  sa m e  typ e , �

 T h e  w a v e s  m u s t  h a v e  t h e  s a m e  a m p ı i t u d e , �

5 8 .  T h e  w a v e s  m u s t  b e  c o h e r e n t .

零

售
{diĦe re n c e ) o f  th e  a m p litu d e s  o f th e  tw o  w a v e s

p h a s e ) to  p ro d u c e  a  m a x i}n tjm  {m ih im u m ) a m p litu d e  w h ic h  is  e q u a l to  th e  s u m

C o n s tru c tiv e  (D e s tru c tiv e ) in te đe re n c e  o c c u rs  w h e n  tw o  w a v e s  m e e t \n  p h a s e  (a n ti-

p h a s e  d iffe re n c e .

C o h e re n c e  re fe rs  to  th e  c o n d itio n  in  w h ic h  tw o  s o u rc e s  o r w a v e s  h a v e  a  c o n s ta n t5 7

d iffra c tio n  o f lig h t is  n o t e a s iıy  o b s e rv e d

c o m p a re d  th e  s iz e  o f
'

o r d in a ry
'

o p e n in g s  s u c h  a s  d o o rs  a n d  w in d o w s .  H e n c e ,

w a v e le n g th  o f th e  w a v e s .  T h e  w a v e le n g th s  o f v is ib le  lig h t a re  v e ry  s h o rt (
- 10

-
7  

m )

D iĦra c tio n  e ffe c ts  a re  o n ly  s ig n ific a n t w h e n  th e  a p e rtu re  s iz e  is  c o m p a ra b le  to  th e5 6

o b s ta c le .  It is  m o re  p ro n o u n c e d  w h e n  th e  a p e rtu re  s iz e  is  rp rltrp ,  p d .

5 5  D iĦra c tio n  is  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 rtu re  o r ro u n d  a n

p ip e .

5 4  T w ic e  th e  le n g th  o f th e  s trin g , fo u r tim e s  th e  le n g th  o f th e  p ip e , tw ic e  th e  le n g th  o f th e

a m p litu d e s .  T h e ir a m p litu d e s  m a y  v a ry  fro m  O  a t th e  n o d e s  to  th e  m a x  a t th e  a n tin o d e s .

5 3  T h e s e  p a rtic le s  a re  in  p h a s e  (i.  e .  p h a s e  d iĦe re n c e - O ), b u t th e y  h a v e  d iffe re n t

d ire c tio n s .

fre q u e n c y ,  a m p litu d e  a n d  s p e e d , tra v e llin g  a lo n g  th e  s a m e  lin e  b u t in  o p p o s ite

A  s ta tio n a ry  w a v e  re s u lts  fro m  th e  s u p e rp o s itio n  o f tw o  p ro g re s s iv e  w a v e s  o f th e  s a m e5 2

s u m  o f th e  d is p ıa c e m e n ts  o f th e  in d iv id u a l w a v e s  a t th a t p o in t ,

m e e t a t a  p o in t in  s p a c e , th e  re s u lta n t d is p la c e m e n t a t th a t p o in t is  e q u a l to  th e  v e c to r

T h e  p rin c ip le  o f s u p e rp o s itio n  s ta te s  th a t w h e n  tw o  o r m o re  w a v e s  o f th e  s a m e  k in d5 1

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

i į i > į
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1 1

(il) V  =  l2 × l 2  
=  l 2  し .

v
1 

=  v
z  Ą Ą  = '

zĄ = >  t- 2 a 2

S P 2 (i) S in c e  th e  s p e e d  o f th e  w a v e  p ro p a g a tin g  a lo n g  th e  s trin g  is  a  c o n s ta n t
,

If th is  is  th e  fu n d a m e n ta l m o d e , th e n  Ä - 2L s o  th a t L  =  1 0 0 0  m .

f 0 .  2
えー 。 . . 2 0 0 0  m

V  4 0 0

th e  fu n d a m e n ta ı * e q u e n c y  o f th e  b rid g e  is  0 .  2 H z .  T h e  re s o n a n t w a v e le n g th  is  th u s

F re q u e n c y  o f w in d  =  
0 .  2  H z .  H e n c e , r e s o n a n c e  o r  a  s ta n d in g  w a v e  is  p ro d u c e d  w h e nS P 1

S e lf - P ra c tic e  Q u e s tio n s

p a tte rn  c o in c id e d  w ith  th e  m in im a  o f th e  s in g le -

s lit d iffra c tio n  p a tte rn .

5 1 5 T h is  is  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 itfta c tio n  g ra tin g  in te rfe re n c e

o f lig h t in c id e n t o n  th e  s lit a n d  w  is  th e  s lit-

w id th .

w h e re  O  is  a n g u la r s e p a ra tio n  o f th e  im a g e s  s u b te n d e d  a t th e  s lit , Ä is  th e  w a v e le n g th

W

R a y le ig h  c rite rio n  s tà te s  th a t tw o  im a g e s  a re  ju s t re s o lv e d  b y  a  s lit w h e n  o -

À

,
5 1 4

la rg e r th a n  th e  w id th  o f th e  s in g le - s lit a s  th e  d e riv a tio n  a s s u m e d  p a ra lle l ra y s .

T h e  e q u a tio n  is  o n ly  v a lid  w h e n  th e  d is ta n c e  o f th e  s c re e n  fro m  th e  s in g le - s lit is  m u c h

ı  

·

5 1 3 w s in o  =  n Ä, 
w h e re  n  is  a  p o s itiv e  in te g e r .

F ro m  s in o  =  

7  
<  1 = >  / "  ·

5 1 2  n À  d

w h e re  D  is  th e  d is ta n c e  b e tw e e n  th e  g ra tin g  a n d  th e  s c re e n .

w a v e s .  T h is  e q u a tio n  a s s u m e s  th a t th e  ra y s  th ro u g h  th e  s lits  a re  p a ra lle l, ie  d  < <  D ,

o f th e  n
th

_
o r d e r m a x im u m  fro m  th e  s tra ig h t- th ro u g h

, 
Ä  th e  w a v e le n g th  o f in c id e n t

d  s in o  =  n Ä , w h e re  d  is  th e  s lit- s e p a ra tio n , n  is  th e  o rd e r b e in g  o b s e rv e d , O  is  th e  a n g le5 1 1

刁

x  =  ― ―

,  

v a lid  w h e n  a < < D  a n d  n e a r  th e  z e ro t h -
o r d e r w h e re  Q <  6  

°
.

5 1 0  ÄD
.
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1 2

N c =  (2 m  +  1 )  2  o r (m
+  y z) k  (D )

a n  o d d  m u ltip le  o f h a lf -

w a v e le n g th

S in c e  d e s tru c tiv e  in te rfe re n c e  ta k e s  p la c e  a t p o in t Q , th e  p a th  d iffe re n c e  N ( m u s t b e

ra y s  m u s t b e  d e te rm in e d  fro m  s o u rc e  P  to  p o in t o f o b s e rv a tio n  Q

A s  p o in t s o u rc e  P  is  n o t e q u id is ta n t fro m  s lits  8 1 a n d  S z , p a th  d iffe re n c e  N ( o f th e  2S P 7

th ro u g h  p o s itio n , th e  to ta l n u m b e r o f m a x im a  ls  4  ◆ 4  +  1 -
9

H e n c e , n  
=  4 .  A d d in g  th e  m a x im a  o f th e  

ı 

o t h e r s id e  
ı 

a n d th a t a t th e  s tra ig h t-

Ä 6 × 1 0
-

7

z >  n < -
°  = 4 .  17

d  2 .  5 × 1 0
-

e

(C ) 
s in  ů  =  - < l

l  

ı

Q  =  1 3 .  9
'

2 .  5 × 1 0

-
Ó

s in Q - l ×  6 0 0 × 1 0

-

9

(b ) d s in Q  =  n

G ra tin g  s p a c in g  d
- 1 / N - l +  4 0 0  0 0 0  =  

2 .  5  × 1 0

-

6  

m

(a ) N  =  4 0 0  lin e s  p e r  m m - 4 0 0  0 0 0  lin e s  p e r  m e t r e .

g e ts  ıa rg e r .

6
° 

f r o m  t h e  s t r a i
g

h t - th ro u g h .  T h e  frin g e  s e p a ra tio n  b e tw e e n  h ig h e r o rd e r frin g e s

T h e  fo rm u la  in  (a ) is  n o t a p p lic a b le  to  h ig h e r -

o r d e r frin g e s  w h ic h  a p p e a r b e y o n d(c )

(ii) If D  is  d e c re a s e d ,  t h e n  th e  frin g e  s e p a ra tio n  x  d e c re a s e s .

(b) (i) ıf a  is  d e c re a s e d ,  t h e n  th e  frin g e  s e p a ra tio n  x  in c re a s e s .

(a ) s e p a ra tio n  o f fń n g e s  x  =  - '

o .  4 o × 1 o
-

3

- 1 .  8 × 1 0
-

3  

m
D  6 .  0 × 1 0

-

7  

× 1 .  2

S P 6

S P 5

f =  
1 .  0  × 1 0

"
H z

3 .  0 × 1 0
8  

=
f × o .  0 3 0

F ro m  v -
f ×  

,

S P 4  S u c c e s s iv e  n o d e s  a re  1 .  5 c m  a p a rt.  H e n c e , Ä - 2  × 1 .  5 ·  3 .  0  c m .

T h ird  H a rm o n ic  f,  
·  v rÄ a

·  3 0 0  +  0 .  8  ·  3 7 5  H z

F irs t H a rm o n ic  f, 
=  

v / À  1
-

3 0 0  +  2 .  4  =  1  2 5  H z

H e n c e , t h e  fre q u e n c ie s  a re

th e  th ird  (L =  %  Ą ) h a rm o n ie s .  T h e  w a v e ïe n g th s  a re  À p 4 L  a n d  Ä ,
-

4 L / 3  r e s
p

e c t iv e ly -

S in c e  th is  is  a  c lo s e d  p ip e , th e  tw o  lo w e s t fre q u e n c ie s  w ill b e  th e  firs t (L  =  X Ą ) a n d
S P 3
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1 3

l

p a tte rn  a ls o  in c re a s e s .  (D )

S in c e  s in o  =  À /w , 
w h e n  w  d e c re a s e s , đ in c re a s e s  a n d  h e n c e  th e  w id th  o f t h e

th e  in te n s ity  o f a ll p e a k s  d e c re a s e s .

W h e n  th e  w id th  o f th e  s lit is  re d u c e d , le s s  e n e rg y  p a s s e s  th o u g h  th e  s lit a n d  h e n c e
S P I L

is  Ä .  A n g le  O fo r th e  firs t m in im u m  is  s u c h  th a t s in đ =  Ä la .  (D )

th e  m id -

p o in t a n d  S  to  p  is  a ls o  1 12 .  H e n c e ,  th e  p a th  d iĦe re n c e  b e tw e e n  S P  a n d  R P

a n d  th e  m id - p o in t to  p  is /2 .  S im ila rly , 
t h e  p a th  d iffe re n c e  b e tw e e n  w a v e le ts  fro m

F o r th e  firs t m in im u m  to  o c c u r a t p , th e  p a th  d iĦe re n c e  b e tw e e n  w a v e le ts  fro m  R
S P 1 0

: .  N  =  1 / d  
=  

5 ,  7 7 ×1 0
5  
(Ą)

. "

s i
- -

s in 6 o   
· 

-
7

)
- ı .  ı v n ı v ı ı ı

S p 9  F ro m  d  s itr Q - n  Ä , 
it c a n  b e  s e e n  th a t th e  lo n g e s t w a v e le n g th  d e v ia te s  th e  m o s t .

s in o  s in  (a /2)
'H e n c e , d  =  .  .  (C )

S P 8  n  =  
2 , 0 - a 1 2


