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24. In this setup, we have 2 1p p> and 2 3p p@ , and the condition for maximum

transmission (minimum reflection) or constructive interference is

2 2

1 1
2 , 0,1, 2,...

2 2 2
N o N o o

p p

Æ Õ Æ Õ
? , ¾ ? , ?Ç Ö Ç Ö

È × È ×

The second least thickness is (o!= 1)

1 342 nm
1 161 nm

2 2(1.59)
N

Æ Õ
? , ?Ç Ö

È ×
.

25. VJKPM The formation of Newton s rings is due to the interference between the rays
reflected from the flat glass plate and the curved lens surface.

GZRTGUU Consider the interference pattern formed by waves reflected from the upper
and lower surfaces of the air wedge. The wave reflected from the lower surface
undergoes a r rad phase change while the wave reflected from the upper surface does not.
At a place where the thickness of the wedge is f, the condition for a maximum in

intensity is 2 1
2f o? ,d in- where n is the wavelength in air and o is an integer. Therefore,

f = (2o + 1)n/4.

CPCN[\G As the geometry of Fig. 35-46 shows, f T T t? . .2 2 , where T is the
radius of curvature of the lens and t is the radius of a Newton s ring. Thus,

2 1 2 2
o T T t, ? . .d in 5 . First, we rearrange the terms so the equation becomes

2 2 2 1
.

4

o
T t T

,
. ? .

n

Next, we square both sides, rearrange to solve for t2, then take the square root. We get

t
o T o

?
,

.
,2 1

2

2 1

16

2
d i d in n 3

.

If T is much larger than a wavelength, the first term dominates the second and

t
o T

?
,2 1

2

d i n
.

NGCTP Similarly, the radii of the dark fringes are given by .t oT?
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44/! )c*!Yg!ejqqug!c!jqtk|qpvcn!z!czku!ykvj! kvu! qtkikp!cv! vjg! nghv!gfig!qh! vjg!rncuvke/!

Dgvyggp!z!?!1!cpf!z!?!N3!vjg!rjcug!fkhhgtgpeg!ku!vjcv!ikxgp!d{!Gs/!46.22!)ykvj!N!kp!

vjcv!gswcvkqp!tgrncegf!ykvj!N3*/!Dgvyggp!z!?!N3!cpf!z!?!N2! vjg!rjcug!fkhhgtgpeg! ku!

ikxgp!d{!cp!gzrtguukqp!ukoknct!vq!Gs/!46.22!dwv!ykvj!N!tgrncegf!ykvj!N2!Y!N3!cpf!p3!

tgrncegf!ykvj!2!)ukpeg!vjg!vqr!tc{!kp!Hki/!46.47!ku!pqy!vtcxgnkpi!vjtqwij!ckt-!yjkej!

jcu! kpfgz! qh! tghtcevkqp! crrtqzkocvgn{! gswcn! vq! 2*/! Vjwu-! eqodkpkpi! vjgug! rjcug!

fkhhgtgpegu!ykvj! !?!1/711! o-!yg!jcxg!

2 1 2
2 1 1

3.50 m 4.00 m 3.50 m
1 1.60 1.42 1 1.42

0.600 m 0.600 m

1.05 ( 0.35) 0.70.

N N N
p p p

. .
. , . ? . , .

? , . ?

(b) The answer in part (a) is intermediate but closer to a half-integer, so the interference
is more nearly destructive than constructive.
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41. The maxima of a two-slit interference pattern are at angles given by f sin = o ,
where f is the slit separation, n is the wavelength, and o is an integer. If is small, sin
may be replaced by in radians. Then, f !?!o . The angular separation of two maxima
associated with different wavelengths but the same value of o is

F = (o/f)(n2 n1),

and their separation on a screen a distance F away is

9 9 4

3

tan

3 1.8m
600 10 m 480 10 m 1.3 10 m.

5.0 10 m

oF
{ F F

f

. . .

.

É Ø
F ? F � F ? .Ê ÙË Ú

É Ø
? � . � ? �Ê Ù

�Ë Ú

3 2n n

The small angle approximation tan F � F (in radians) is made.



!

!

2468

5 % 5 % 5 % e2 3 28 5 244ukp / ukp /1 6 1 6 /!
!

Swqvkpi!vjg!cpuygt!vq!vyq!ukipkhkecpv!hkiwtgu-!yg!jcxg! 28ukp 24n % e /!

!
42/!Kp!cffkpi!vjgug!ykvj!vjg!rjcuqt!ogvjqf!)cu!qrrqugf!vq-!uc{-!vtki!kfgpvkvkgu*-!yg!oc{!
ugv! !?!1!cpf!cff!vjgo!cu!xgevqtu<!
!

5 e% e% ' e 5

5 e% e% ' e 5

21 1 26 41 61 56 376

21 1 26 41 61 56 5 1

equ equ / equ /

ukp ukp / ukp /

1 6
1 6

!

!
uq!vjcv!

3 3

2

37/9 38

vcp 9/6 /'

5 % 5 n

v �
5 5 ew �

x �

!

!

Vjwu-! 2 3 4 ukp 38ukp 9/65 % % 5 % 5 % e /!

!!!
43/! )c*! Yg! ecp! wug! rjcuqt! vgejpkswgu! qt! wug! vtki! kfgpvkvkgu/! ! Jgtg! yg! ujqy! vjg! ncvvgt!
crrtqcej/!!Ukpeg!!

ukp! !,!ukp) ,! *!?!3equ) 03*ukp) !,! 03*-!
!
yg!hkpf!
! 2 3 13 equ) 0 3*ukp) 0 3*% 5 % !

!
yjgtg! 1! ?! 3/11! ·X0o-! ?! 2/37! Ù! 2126!tcf0u-! cpf! 5 4;/7! tcf/! ! Vjku! ujqyu! vjcv! vjg!
gngevtke!hkgnf!cornkvwfg!qh!vjg!tguwnvcpv!ycxg!ku!!
!

13 equ) 0 3* 3)3/11 X0o*equ)2;/3!tcf* 3/44 X0o5 5 5 /!

!
)d*!Gswcvkqp!46.33!ngcfu!vq!

3
1 15 equ ) 0 3* 2/465 5

cv!rqkpv! - cpf!
3

egpvgt 1 15 equ )1* 55 5 !

!
cv!vjg!egpvgt/!Vjwu-! egpvgt0 2/46 0 5 1/4495 5 /!!!

!
)e*!Vjg!rjcug!fkhhgtgpeg! )kp!ycxgngpivju*!ku!iqvvgp!htqo! !kp!tcfkcpu!d{!fkxkfkpi!d{!3 (!!
Vjwu-! 5 -3(0), 5 0(-!ycxgngpivju/!!Vjwu-!rqkpv! !ku!dgvyggp!vjg!ukzvj!ukfg!oczkowo!

)cv!yjkej! 5 0!ycxgngpivju*!cpf!vjg!ugxgpvj!okpkowo!)cv!yjkej! 5 0
2
3!!ycxgngpivju*/!

!



2469!

)f*!Vjg!tcvg!ku!ikxgp!d{! ?!2/37!Ù!2126!tcf0u/!
!
)g*!Vjg!cping!dgvyggp!vjg!rjcuqtu!ku! 5 4;/7!tcf!?!3381²!)yjkej!yqwnf!nqqm!nkmg!cdqwv!
221²!yjgp!ftcyp!kp!vjg!wuwcn!yc{*/!
!

44/! Ykvj! rjcuqt! vgejpkswgu-! vjku! coqwpvu! vq! c! xgevqt! cffkvkqp! rtqdngo!
. . . .

5 % % !

yjgtg! )kp! ocipkvwfg.cping! pqvcvkqp*!
. . .

5 q e 5 q e 5 q ' e21 1 6 56 6 561 6 1 6 1 6- - -cpf !

yjgtg!vjg!ocipkvwfgu!ctg!wpfgtuvqqf!vq!dg!kp! X0o/!Yg!qdvckp!vjg!tguwnvcpv!)gurgekcnn{!
ghhkekgpv!qp!c!xgevqt.ecrcdng!ecnewncvqt!kp!rqnct!oqfg*<!
!

.
5 q e % q e % q ' e 5 q e21 1 6 56 6 56 282 11 6 1 6 1 6 1 6/ !

!
yjkej!ngcfu!vq!

5 282/ ukpX o1 6 1 6 !
!
yjgtg! !?!3/1!h!2125!tcf0u/!
!
45/!)c*!Tghgttkpi!vq!Hkiwtg!46.21)c*!ocmgu!engct!vjcv!!
!

!?!vcp'2) *!?!vcp'2)1/316 5*!?!3/;4²/!
!
Vjwu-!vjg!rjcug!fkhhgtgpeg!cv!rqkpv! !ku! ukp ) !?!1/4;8!ycxgngpivju-!yjkej!ogcpu!kv!

ku!dgvyggp!vjg!egpvtcn!oczkowo!)|gtq!ycxgngpivj!fkhhgtgpeg*!cpf!vjg!hktuv!okpkowo!)!
2
3!!

ycxgngpivj! fkhhgtgpeg*/! ! Pqvg! vjcv! vjg! cdqxg! eqorwvcvkqp! eqwnf! jcxg! dggp! ukornkhkgf!
uqogyjcv!d{!cxqkfkpi!vjg!gzrnkekv!wug!qh!vjg!vcpigpv!cpf!ukpg!hwpevkqpu!cpf!ocmkpi!wug!
qh!vjg!uocnn.cping!crrtqzkocvkqp!)vcp ukp */!
!
)d*!Htqo!Gs/!46.33-!yg!igv!)ykvj! ?!)1/4;8*)3 *!?!3/5;6!tcf*!
!

3
1 15 equ ) 0 3* 1/5155 5 !!!!!!

cv!rqkpv! cpf!
3

egpvgt 1 15 equ )1* 55 5 !

!
cv!vjg!egpvgt/!Vjwu-! egpvgt0 1/515 0 5 1/2125 5 /!!!

!
46/!Hqt!eqorngvg!fguvtwevkxg!kpvgthgtgpeg-!yg!ycpv!vjg!ycxgu!tghngevgf!htqo!vjg!htqpv!cpf!
dcem!qh!vjg!eqcvkpi!vq!fkhhgt!kp!rjcug!d{!cp!qff!ownvkrng!qh! !tcf/!Gcej!ycxg!ku!kpekfgpv!
qp!c!ogfkwo!qh!jkijgt!kpfgz!qh!tghtcevkqp!htqo!c!ogfkwo!qh!nqygt!kpfgz-!uq!dqvj!uwhhgt!
rjcug! ejcpigu! qh! ! tcf! qp! tghngevkqp/! Kh! ! ku! vjg! vjkempguu! qh! vjg! eqcvkpi-! vjg! ycxg!
tghngevgf!htqo!vjg!dcem!uwthceg!vtcxgnu!c!fkuvcpeg!3 !hctvjgt!vjcp!vjg!ycxg!tghngevgf!htqo!
vjg!htqpv/!Vjg!rjcug!fkhhgtgpeg!ku!3 )3 0 *-!yjgtg! !ku!vjg!ycxgngpivj!kp!vjg!eqcvkpi/!Kh!
!ku!vjg!kpfgz!qh!tghtcevkqp!qh!vjg!eqcvkpi-! !?! 0 -!yjgtg! !ku!vjg!ycxgngpivj!kp!xcewwo-!

cpf!vjg!rjcug!fkhhgtgpeg!ku!3 )3 0 */!Yg!uqnxg!



!

!

246;

!

3
3

3 2
1

0
1

!
#"

$
&% 5 %1 6 !

!
hqt! /!Jgtg! !ku!cp!kpvgigt/!Vjg!tguwnv!ku!

5
%3 2

5

1 60
/ !

!
Vq!hkpf!vjg!ngcuv!vjkempguu!hqt!yjkej!fguvtwevkxg!kpvgthgtgpeg!qeewtu-!yg!vcmg! !?!1/!Vjgp-!
!

;
8711 21 o

2/31 21 o/
5 2/36

'
'h

5 5 5 h
0

)
!

!
47/! )c*! Qp! dqvj! ukfgu! qh! vjg! uqcr! ku! c! ogfkwo! ykvj! nqygt! kpfgz! )ckt*! cpf! yg! ctg!
gzcokpkpi! vjg!tghngevgf! nkijv-!uq! vjg!eqpfkvkqp!hqt!uvtqpi!tghngevkqp! ku!Gs/!46.47/! !Ykvj!
ngpivju!kp!po-!

O!!?!!
3 3

!,!
2
3

!!!?!

|
�
�
}
�
�~

!!

4471!!!!hqt! !?!1
2231!!!!hqt! !?!2
783 !!!!hqt! !?!3
591 !!!!hqt! !?!4
484 !!!!hqt! !?!5
416 !!!!hqt! !?!6

!

!
htqo!yjkej!yg!ugg!vjg!ncvvgt! !xcnwgu!ctg!kp!vjg!ikxgp!tcpig/!
!
)d*!Yg!pqy!vwtp!vq!Gs/!46.48!cpf!qdvckp!
!

O!!?!!
3 3

!!!?!!

|
�
�
}
�
�~

!!

2791!!!!hqt! !?!2
951 !!!!hqt! !?!3
671 !!!!hqt! !?!4
531 !!!!hqt! !?!5
447 !!!!hqt! !?!6

!

!
htqo!yjkej!yg!ugg!vjg!ncvvgt! !xcnwgu!ctg!kp!vjg!ikxgp!tcpig/!
!
48/!Nkijv!tghngevgf!htqo!vjg!htqpv!uwthceg!qh!vjg!eqcvkpi!uwhhgtu!c!rjcug!ejcpig!qh!S!tcf!
yjkng!nkijv!tghngevgf!htqo!vjg!dcem!uwthceg!fqgu!pqv!ejcpig!rjcug/!Kh! !ku!vjg!vjkempguu!qh!
vjg!eqcvkpi-!nkijv!tghngevgf!htqo!vjg!dcem!uwthceg!vtcxgnu!c!fkuvcpeg!3 !hctvjgt!vjcp!nkijv!
tghngevgf!htqo!vjg!htqpv!uwthceg/!Vjg!fkhhgtgpeg!kp!rjcug!qh!vjg!vyq!ycxgu!ku!3 )3 0 *!�!
-!yjgtg! !ku!vjg!ycxgngpivj!kp!vjg!eqcvkpi/!Kh! !ku!vjg!ycxgngpivj!kp!xcewwo-!vjgp! !?!

O0 -! yjgtg! ! ku! vjg! kpfgz! qh! tghtcevkqp! qh! vjg! eqcvkpi/! Vjwu-! vjg! rjcug! fkhhgtgpeg! ku!
3 )3 0 *!�! /!Hqt! hwnn{!eqpuvtwevkxg! kpvgthgtgpeg-! vjku! ujqwnf!dg!c!ownvkrng!qh!3 /!Yg!
uqnxg!



2479!

72/! Kp! vjku! ugvwr-! yg! jcxg! 3 26 cpf! 3 46 -! cpf! vjg! eqpfkvkqp! hqt! okpkowo!

vtcpuokuukqp!)oczkowo!tghngevkqp*!qt!fguvtwevkxg!kpvgthgtgpeg!ku!!
!

3

3

52
3 !!! ! !- !!!! 1-2-3-///

3 3 2

v �
5 % t 5 5w �

%x �
!

Vjgtghqtg-!

!

3

3

3

5 5)436!po*)2/86* 3386!po!!) 1*

5 0 4 5)526!po*)2/6;* 0 4 869!po!!) 2*

5 0 6 5)526!po*)2/6;* 0 6 566!po!!) 3*

5 5 5|
�

5 5 5 5}
� 5 5 5~

!

!
Hqt!vjg!ycxgngpivj!vq!dg!kp!vjg!xkukdng!tcpig-!yg!ejqqug! ?!3!ykvj! 566!po/5 !!
!
73/! Kp! vjku! ugvwr-! yg! jcxg! 3 24 cpf! 3 46 -! cpf! vjg! eqpfkvkqp! hqt! oczkowo!

vtcpuokuukqp!)okpkowo!tghngevkqp*!qt!eqpuvtwevkxg!kpvgthgtgpeg!ku!!
!

3 3

2 2
3 !!! ! !- !!!! 1-2- 3-///

3 3 3

v � v �
5 % t 5 % 5w � w �
x � x �

!

!
Vjg!ugeqpf!ngcuv!vjkempguu!ku!) ?!2*!!
!

!
2 453!po

2 272!po
3 3)2/6;*

v �
5 % 5w �
x �

/!

!
74/! Kp! vjku! ugvwr-! yg! jcxg! 3 26 cpf! 3 44 -! cpf! vjg! eqpfkvkqp! hqt! oczkowo!

vtcpuokuukqp!)okpkowo!tghngevkqp*!qt!eqpuvtwevkxg!kpvgthgtgpeg!ku!!
!

3 3

2 2
3 !!! ! !- !!!! 1-2- 3-///

3 3 3

v � v �
5 % t 5 % 5w � w �
x � x �

!

!
Vjg!ugeqpf!ngcuv!vjkempguu!ku!) ?!2*!!
!

!
2 593!po

2 359!po
3 3)2/57*

v �
5 % 5w �
x �

/!

!
75/! Kp! vjku! ugvwr-! yg! jcxg! 3 26 cpf! 3 44 -! cpf! vjg! eqpfkvkqp! hqt! oczkowo!

vtcpuokuukqp!)okpkowo!tghngevkqp*!qt!eqpuvtwevkxg!kpvgthgtgpeg!ku!!
!

3

3

52
3 !!! ! - !!!! 1-2- 3-///

3 3 2

v �
5 % t 5 5w �

%x �
!

Vjwu-!yg!jcxg!
!


