Chapter 28

Physical Optics: Interference and Diffraction

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

If the slit spacing, d, were less than the wavelength, A, the condition for a bright fringe
(Equation 28-1) could be satisfied only for the central bright fringe (m = 0). For nonzero
values of m there are no solutions, because sin & cannot be greater than one. In addition,
Equation 28-2 shows that if d is greater than A/2, though still less than A, there will be
only one dark fringe on either side of the central bright fringe. If d is less than 4/2, no
dark fringes will be observed.

The locations of bright and dark fringes depends on the wavelength of light. Therefore, if
white light is used in a two-slit experiment, each bright fringe will show some separation
into colors, giving a “rainbow” effect.

Submerging the two-slit experiment in water would reduce the wavelength of the light
from A to A/n, where n = 1.33 is the index of refraction of water. Therefore, the angles to
all the bright fringes would be reduced, as we can see from Equation 28-1. It follows that
the two-slit pattern of bright fringes would be more tightly spaced in this case.

The soap film in the photograph is thinnest near the top (as one might expect) because in
that region the film appears black. Specifically, light reflected from the front surface of
the film has its phase changed by 180°; light that reflects from the back surface of the film
has no change in phase. Therefore, light from the front and back surfaces of the film will
undergo destructive interference as the path length between the surfaces goes to zero.
This is why the top of the film, where the film is thinnest, appears black in the photo.

One possible reason is that one of the films may have an index of refraction greater than
that of glass, whereas the other may have an index of refraction that is less than that of
glass. If this is the case, the phase change in reflection from the film-glass interface will
be different for the two films. This, in turn, would result in different colors appearing in
the reflected light.

Light reflected from the top of the film has a phase change of 180°; light reflected from
the film-water surface also has a phase change of 180°, since the film’s index of refraction
is less than that of water. It follows that the film appears bright (constructive interference)
where the film’s thickness goes to zero.

The location of dark fringes in a single-slit diffraction pattern is given by Equation 28-12.
Notice that if W is decreased, the angle d must increase to compensate, and to maintain the
equality. This is why the dark fringes move outward. As the angle & approaches 90° for
m = %1, all of the dark fringes have moved outward to infinity. Clearly, this occurs in
Equation 28-12 when the width  is equal to the wavelength, A.

Reducing the index of refraction would increase the wavelength of light within the eye.
We know from Equation 28-14, however, that resolution decreases as the wavelength
increases; that is, increasing A in Equation 28-14 implies that the required angle of

separation, 6, must also increase. Therefore, the eye’s resolution would decrease in this
case.
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18.

20.

A cat’s eye would give greater resolution in the vertical direction, because the effective
aperture is greater in that direction. As shown in Equation 28-14, the greater the aperture,
D, the smaller the angle, €, and the greater the resolution.

In general, the larger the aperture in an optical instrument, the greater the resolution. This
follows directly from Equation 28-14, where we see that a large aperture D implies a small
angle 6. If the angular separation that can be resolved is decreased, the resolution is

increased.

Solutions to Problems

2. (a)

780m _ 3.00 wavelengths
26.0 m
1435 m =5.50 wavelengths
26.0 m

Since the path difference is 5.50—-3.00 = 2.50 wavelengths, the waves interfere at the observation
point.

ol0m _ 3.50 wavelengths
221
M _ §.50 wavelengths
26.0 m
Since the path difference is 8.50—3.50 =5.00 wavelengths, the waves interfere at the
observation point.
(b) 440m _ 1.69 wavelengths
26.0 m
135 m

=5.19 wavelengths
26.0 m

Since the path difference is 5.19-1.69 =3.50 wavelengths, the waves interfere at the
observation point.

3. The largest wavelength that will give constructive interference equals the path difference of the two sources and

the observation point.

/1:285m-181m=

4. (a) 450 m—150 m =
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(b) (-0 :¥:150m

0 = /(450 m)? +12¢2
05 =/(150 m)? +v*7?

J(@50 m)? 4272 — /(150 m)* +v2* =150 m

2 r 2
[\/(450 m)? +v22 | =150 m++/(150 m)? +v2t2}

[\

(450 m)? +v2¢2 = (150 m)? + (300 m) /(150 m)? +v2¢ + (150 m)?> +v2¢>

2 [ 2 ) 2
[JHEE;S?I;ZE _| 450 m) —Zasom)}

300 m

(150 m)? +v*1% =

300 m

(450 m)? —2(150 m)? T

1 {(450 m)% —2(150 m)>

2
— (150 m)?
300 m } ( )

5. The maximum wavelength corresponds to the lowest frequency. Student A is equidistant from each speaker, but
student B is not. Find the difference of the distances from each speaker to student B. This difference is the
maximum wavelength.

JAsm?+G.om? 1.5 m=4
343m

.
A J15m? +G.0m)? ~1.5m

- [180 17

m
6. A=—= S =1.85m is the wavelength of the 185 Hz tone.
f 185Hz

Determine the ratio of the path difference to the wavelength.

Jasm?+3.0m? —15m
343m -
185 Hz

Since the path difference is equal to one wavelength, the tone heard at location B is a .

1.0

7. The path differences equal to one and two wavelengths correspond to the first and second lowest frequencies,
respectively.

0.525m _( 0.525 m
2 2

2.00 m+ 2.00 m—

J =0.525m

Lowest frequency:

m

, 34
/=7 =t m O3]

Next lowest frequency:

m

3430
\4 _ s
= T Oomm L3101z
2
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8. The path differences equal to one-half and one and one-half wavelengths correspond to the first and second
lowest frequencies, respectively.

500 4 0525 m—(z.oo L 0525m

j =0.525m

Lowest frequency:
m

343m
v s
=—=————=|327Hz
=" 0 m
Next lowest frequency:

,  343m

- = S -
f_z 2(0.525 m)

9. Find the path difference for Moe and Curly.

J(1.40 m)? +(3.00 m)? —+/(0.60 m)? + (3.00 m)* = 0.25 m
If this is one-half wavelength, then 2(3002—05m) = 6.0 wavelengths is an integral number of wavelengths at Larry.
25m

So, Larry will hear a loud tone and Moe and Curly will hear very little.

343m
% S .
=—=—8 -690 Hz | is the lowest frequency.
S A 2(0.25m) d Y

If 0.25 m is one and one-half wavelengths, then _300m =18 wavelengths is an integral number of

2(0.25m)

wavelengths at Larry. So, Larry will again hear a loud tone and Moe and Curly will hear very little.
m

343
v s .
= =—_ 8 -2100 Hz | is the second lowest frequency.
A %(0.25 m) ey

10. (a) Larry is equidistant from the two speakers. Waves leaving the speakers out of phase will arrive at Larry’s
position out of phase, so Larry hears a minimum|. [This is true for any frequency

(b) Find the path difference for Moe and Curly.

J(1.40 m)? +(3.00 m)? —/(0.60 m)* +(3.00 m)> =0.251 m

To hear a maximum the waves from the two speakers must arrive in phase. Since they are out of phase at the
sources, the path difference must be one-half wavelength or one and one-half wavelengths.

f= Yo Lm/s =| 0.68 kHz | is the lowest frequency

A 2(0251m)
For one and one-half wavelengths, 1.54 =0.251 m.

Y 343 m/s
=—=—————=|2.0kHz | is the second lowest
s A (0.251 m/1.5)

11. (a) For a minimum signal the path difference of 450 m — 150 m = 300 m must be one-half wavelength. So,

2=[600m ]

(b) Since the path difference will equal the wavelength, the waves will arrive in phase, producing a .
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(¢) The next minimum signal occurs when the path difference equals one and one-half wavelengths.

1.52=300 m
3=[200m]

12. sin0=m*=nt=2

d d d

A 670x107m
d=—>= =|1.6 um
sin@ sin25°

3. sin0=mt=3)%=3%

d Td d

1. 1 3 .
A=—=dsin@=-(0.0324x10"" m)sin3.51°=| 661 nm
3 3 )

14. sinez[m—l izﬂl_lji:i
2)d 2)d " 24
i 1 1
A 2sin€  2in0.29° =[]

A A 24
15. ind=m—=02)—=—
(a) sin md ()d 7

1. 1 _5 .
A=—dsin@=—(48.0x10"" m)sin0.0990° =| 415 nm
: X )

(b) Since the wavelength is directly proportional to the separation, the wavelength will if the
separation is increased.

1 _5 .
¢) A=—(68.0x10"" m)sin0.0990° =| 587 nm
© A= )
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16. Determine the angle of the third-order minima.

17.

18.

y=Ltan &,
05 = tan~' 2
L

. A
Determine —.
d

. ( 1)/1 ( 1}1 51
Sln03: m——|—=|3—=|—=—
2)d 2)d 2d

A %sin o
d 5
Determine the angle of the first-order minima.
sing =[m-L1|A-[1-L]A_ A
2)d 2)d 2d
6 = sin”! A
2d

Calculate the width of the central bright fringe.

Physics: An Introduction

2y=2Ltan g, = 2L tan (sin_1 ij = 2L tan|sin™! (lsin 6@) =2Ltan{sin"! lsin(tan_1 Zj
2d 5 5 L

0.250 m

.11 -1~ 2
=2(1.00 m)tan<sin~!| =sin| tan =|4.96 cm
D e e ]|

Determine the angle to the center of the second-order maximum.

y=~Ltand
0=tan”' L
L
Calculate the slit separation.
sin@ = mi _24
d d

2
1.40 m

-9
g 22 26328x10 m)J 4

=— - -
sin @ sm(tan 11) . 80107
L sin| tan —2—

Find the angle to the first bright fringe.

y=Ltand
6=tan' L
L
Calculate the slit separation.
sinf = miz (1)izi
d d d

2 2 546x10™° m
d= = = =92.6 ym |
sin @ y -1 M) m

. —1 .
sm(tan Z) sm(tan R75m
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19. sinH:mi
d

P dsin@
m

dsin(tan_1 %)
=— =/ (v =Ltan®)
m

- (0230107 mm)sin(tan—l %)

SET

20. (a) Since the separations, and therefore the angles, between the fringes are less for the second color as compared
to the first, and since the wavelength is proportional to sin 6, the wavelength of the second color is
505 nm. (sinf <siné, if 6, <6, on 0<H<90°.)

1

(b) First color:

Z=‘[ar16?1 ~sin6 =(m—ljﬁ=(5—ljﬁ=%
L 2)d 2)d 2d

Second color:

. A 5
P tan 6, ~sin, = m =2 = (5)& .
L d d d
Equate the results for each color and solve for 4,.
Sh 4
d 2d
_ 9%
270
9
=—(505 nm
ol )

SEETT

21. (a) sine:’%’1

~ o omd 4.5(505x107° m)
y—Ltan0~Lsm0—L7—(l.25m) —

127x107° m

(b) The distance between the fringes is proportional to the wavelength, and so must be inversely proportional to
the frequency. A more tightly packed pattern would require a shorter wavelength and a higher frequency.
Frequency must be

. -1 y
_dsinH_dsm(tan f)
m m

(135 pm) sin(tan’1 M)

1.40 m
4
~[$5im]

22. (a) 4
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(b) Increasing the frequency decreases the wavelength. With a smaller wavelength the bright spots will move
Closer together,

23. For the center fringe, 6 = sin~! g So,

y y y 0.0200 m

tand tané tan(sin_lg) -1 632.8><10’°m) -

tan(sin =
0.0220x10™° m

24. Find the wavelength for which destructive interference occurs.

2nt
Avacuum
2nt

ﬂ*\/acuum =

_ 2(1.33)(401x 10_9 m)

m
_ 1070 nm
m

Since the visible spectrum spans the wavelength range 400 nm to 700 nm, m =2 is the only valid choice.

1066.6 nm
LU
The missing color is .

25 2nt _l o
' Avacuum 2

2nt 1

=m+—

Avacuum 2

2nt
ﬂvacuum =7
m+ E
~2(1.33)(815 nm)
m+

m 0 1 2 3 4 5

A (nm) | 4340 | 1450 | 867 | 619 | 482 | 394

The visible wavelengths that are constructively reflected are 482 nm and 619 nm .

2nt

ﬂ'vacuum
o MAvaenm _ (1)(670x10~ m) _

2n 2(1.30)

26.

=m

27. Phase change for reflection at the air-film interface: 1

. . 1 2
Phase change for reflection at the film-glass interface: —+—

n
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Phase difference: 1 + 20 1 = 2
2 2 A,

Set the phase difference equal to an integer.
2t 2nt

—_—=m=

ﬂ"n ﬂ'vacuum

2nt  2(1.33)(792 nm)
ﬂvacuum =
m
m 1 2 3 4 5 6

A (nm) | 2110 | 1050 | 702 527 | 421 351

The visible wavelengths that are constructively reflected are 421 nm and 527 nm |.

28. Since ngy;| > Nyqer, there is no phase change at the oil-water interface, therefore, we can use Equation 28-10 to
find the minimum thickness of the oil film.

2nt
=m
j’vacuum
t — mﬂvacuum
2n
= (l)lvacuum
min — 2
n
_ 521 nm
2(1.38)

“[159m]

29. (a) Since the radio waves are reflected from a solid surface (the plane), there is a half-wavelength phase change

of the wave. So, you observe interference.

(b) 88.001+36.00 km = \/(12.00 km)? +(2.230 km)? +J(24.oo km)? +(2.230 km)?
i J(12.00 km)? +(2.230 km)? +\/(24.00 km)? +(2.230 km)? —36.00 km

88.00
55w

2d
30. @) —=m=12
(@ n
d=064
The figure below illustrates the situation.
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pV4 '—

r=156cm

Find R.

R* =12 +(R-64)?

=1+ R* —12AR +361>

12AR =% +3642
% +3647

124
~(0.0156 m)? +36(648x10™° m)?
- 12(648x10~ m)

SEEm

R=

2

Physics: An Introduction

(b) Since P2 >> 36/12, R~ {2—/1 So, if A isincreased, r ~+12AR will be than 1.56 cm.
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31. bottom surface of the upper plate

2nt

phase change =
acuum

upper surface of the lower plate
2nt 2d N 1

+
ﬂ'vacuum A’Vﬁcuum 2
2nt 2d 1 2nt 2d 1

+ +—= =
ﬂ'vacuum ivacuum 2’ ﬂ'vacuum Avacuum 2

phase change =

difference in phase changes =

2 1 . . . L .
d +— must be equal to an integer for constructive interference. Since 0 would result in either a negative d

ﬂ“vacuum
or A, 1 is the lowest such integer.

2d +l:1, 2,3, ...
ﬂ’VaCquTl

2d —1:0, L2,..
ﬂ’VaCquTl

.. 1
So, for constructive interference, ——=m where m=0,1, 2, ....

acuum

2d +l must be equal to 1 or some odd multiple of 1 for destructive interference.
ﬂ'vacuum 2 2
21 135
ﬂ'vacuum 2 2 ’ 2 ’ 2 '
2d =0,12,..
Avacuum

So, for destructive interference, =m where m=0,1,2, ....

acuum

A (nm) 600.0 | 800.0 | 343.0

Constructive Interference

2d 1 1.50 | 1.00 | 3.00
a2

Destructive Interference

2d 2.00 | 1.50 | 3.50
7:m

(a) [Destructive interference]

(b) [Constructive interference]

(¢) [Constructive interference]
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2nt 1
32. (@) ———=m
A 2
2nt 1
—_— +—
A
1
[ (m +§)ﬂ,
2n
A
!'min :E
_ 652 nm
4(1.33)

-[125m]

b %—m
) =
)2
m
652
) 2(1.33)[4(1_;;;}
m
_ 652 nm
2m
_ 326 nm
m
m 1 2 3

A(nm) | 326 163 109

33. (a) Find the difference in phase changes of the light reflected from each interface.

air-magnesium fluoride interface

1

Lefr, 1 25/1
letfi1 _ 1
A 2

magnesium fluoride-glass interface
1
14 eff,2 = 2t +Eﬂ7l

Lo 2t 1

— =+ —

A, A, 2

foro _2m 1

A A2

. . 2 1 1 2

difference in phase changes = n +——== “nt
A 2 2 2

For destructive interference:
2nt 1
————=m where m=0,1,2,....

A

222
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Since A <400 nm for all m, |no visible wavelengths will destructively interfere|.
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Determine the minimum film thickness (m = 0).

ne 1
A 2
A
t=-—-
4n
_ 595 nm
4(1.38)

~[i05m]

(b) Higher frequency corresponds to lower wavelength. So, since ¢ oc 4, the coating should be made [ thinner |

2nt 1

34. (a) T—E:m
2nt 1
R +—
A 2
1
2n
_ (m+%)(590 nm)
2(1.33)
m 0 1
¢t (nm) 110 | 330

The two minimum thicknesses are | 110 nm and 330 nm]|.

2nt
b) —=m
(b) 7
mA
t=—-
2n
_ m(590 nm)
2(1.33)
m 1 2
t (nm) 220 440

The two minimum thicknesses are | 220 nm and 440 nm|.

35. (a) Since ngjag > Neoating » there is no phase change due to the glass lens.

_ 2nt_ 2(1.480)(340.0 nm)

j"Vf:lCU.llI’l’l_
m
m 1 2 3
A (nm) | 1006 | 503.2 | 335.5

A=|503.2 nm | will be absent.
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(b) Since ngjass > Neoating - there is a phase change due to the glass lens. Adding % to the left side of the equation

for destructive interference will account for the reflection at the coating-glass interface.

2nt 1
- 4 -
Avacuum 2
2nt
ﬂ'vacuum =7
m=3
_ 2(1.480)(340.0 nm)
n-l
m 1 2 3 4

A (nm) | 2013 | 670.9 | 402.6 | 287.5

A=]670.9 nm and 402.6 nm | will be absent.

36. The situation is essentially part of an air wedge.
0.0520 mm-0.0500 mm 2.0
70.0 mm 7.00x10*

So, the plates would touch at x =0, so d =0.0520 mm when x =a. Find a.
d =ma

The upper glass plate has a slope of

a=—
m

0.0520x107> m
- 2.0
7.00x10*
=1.8m

Find the number of dark bands.
o 2d _2(0.0520x107 m)

A 589x10™ m
The distance between adjacent dark bands is

1.8 m
A’C=W=

=177

37. sinf= mi
w

-9
W= mA _ (1)(670)(10 m) _

sin@ sin23°
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. (1)(343%)
(0.82 m)(1100 Hz)

-]

39. For small angles, tan& ~ sin8 ~ 6.
Wet
tand =—2—~ 0
L

Wee
_2A S5 | P

w L L

20

-9
= 2L 2546x107 m)(L60 m) _ g o

W.¢ 0.0250 m
40. sino=mZ=-1L=2
w w W
H:Sin_li
w
y=~Ltand

=L tan(sin_1 i]
w

=(1.60 m) tan(sin

-[52]

1 626x107° m
7.64x107% m

41. sin9=mi=(3)i=ﬂ
w wow
49=sin_12
y=Ltan@

=L tan(sin_1 ﬂj
w

=(1.60 m)tan {sin

SEXTn

13(626x107° m)
7.64x107% m

225



Chapter 28: Physical Optics: Interference and Diffraction Physics: An Introduction

42. (a) Ay=y,—y =L(tanb, —tan @)

Since tand ~ @ for small angles and & = sind = mW/L’ we have the following:

24 /Ij AL
W

Ay~L(O, -6~ L| ———
v~ L(6, —6)) (W 7

AL (610x107° m)(2.3 m)
So, W~—= =12 ym |.
& im

(b) Since Ay = %, increasing the slit width, W7, will the distance between the first and second dark

fringes.

43. The last dark fringes theoretically occur where & approaches +90°.

sinJ_r90°:i1=mi
w

—6
m:iK:+8.00x10 m

A 553x107 m
So, there are dark fringes produced on either side of the central maximum.

==*145

A A
44. inf=m—=02)—=—
(a) sin m 2)

21
sin @
Find 6.
y=Ltan@

0 =tan"! 2
L

Substitute.

24 2(632.8x107° m)
W= = O_ISij =[25.0 um

; -1y . _
s1n(tan Z) sm(tanl 2

1.50 m

(b) Since the angle a wave diffracts is greater the larger the wavelength of the wave, the distance indicated will
be

15.2 cm (591 nm < 632.8 nm).
45. The approximate (angular) width of the central fringe is given by 26, = 2%. The (metric) width is given by
2y1 =2Ltan 61.
1.60 cm =2y =2Ltan 6 = 2L, = 2L(ij _2L4
w w

A 2y _0.0160m

~ 2 =0.00800.
W 2L 2(1.00 m)

>
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Find 2y2
2y, =2Ltan 6,

=2Ltan (sin1 %j
/4

=2(1.00 m) tan[sin~" 2(0.00800)]

[320em]

46. (a) y=Ltanb,
__ Y
tan 6,
_ Y
tan(1.22%)
0.050 m

-9
tan l.22(690><_160 m)
12x107 m

~[7rem,

1.22(420x10° m)
12x10° m

47. y=Ltan Gy,
=L tan(l.ZZij
D

1.22(550x10™° m)
B -1_0.050 m
160x10> m

tan

Hmin

1.22(550x10~7 m)

( 25 ) 27 rad
3600 360°

Chapter 28: Physical Optics: Interference and Diffraction
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y=Ltan6y;,
=L tan(l.ZZij
D
_1.222

D

49.

tan"!

1.224

-1 X
tan T

1.22(450x10™ m)

tan~ ! 20m -
27x10° m

SEZITY

y=LtanOy;,
A

= Ltan| 1.22—
D

T <

50.

-9
— (613x10° m)tan1:22330x10° " m)
24 m

[iTem

(a) Assuming small angles, the width is given by 26 = 2(1.22)%.

51.

-9
20 = 2(1.22)w ~11.2x1075 rad
1101073 m

(b) 2y=2Ltan#
-5
= 2(640x1073 m)tani 210~

-[77m]

-9 o
52. (a) O _ 2 1.22(550x10 m)( 360 j 1 arc seiond :| 0.91 azc second
D (6.0 in)(20254m) (27 rad 1
Lin. 3600
-9

0.0254 )

(b) y=Ltanf,;, = (384,400 km)tan .
(6.0 m.)( 234

-9
(@) O =122 —1.2320x10 o =[1.3x107 rad
D 0.50x107> m

53.
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(b) y=Ltan0Oy;,
__ Y
tan G,

:#
tan(l.22%)
0.15m

1 122520107 m)
0.50x10 m

SEED

A
54, sinf=m—
d
=mAN
0 =sin"! ANm

= sin”! {(655x109 m)(767 le)(loloﬂjm}
m

m 1 2 3
() | 2.88 5.77 8.67

. A
. sinf@=m—
55 7

A
sinl4 —(1);
A
_sin14°
- 0.030x10™ m
© sinlde

[T2m]

56. sin9=mi=(1)£=i
d d d

0 =sin”! g =sin"' N4

109 cmj(410><10‘9 m)}
m

Bred — Opue =Sin | {(2200 cm_l)[

=|3.4°

loloﬂj (680x10~° m)} —sin”! {(2200 cm_l)[
m

57. sinf= mg =()AN = AN
sin(tan_1 1) sin(tan_1 M)

sin & L 100
= N N :(355mm1)(1()0(1)nrmn):

1m
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58. sind = mi

sin1.250°

T (1)(587.5x10°° m)(lol()%)

=[3713cm™!

59. (a) sinf= mg

=mAN

_sinf
mN

A

sin3.1°

" (560 om ™! (100em)

STy

Physics: An Introduction

(b) Since siné is proportional to the number of lines per centimeter of the grating, a larger number of lines per
centimeter results in a larger second-order maximum angle. So, the angle is 3.1°.

(sin@ <sin6, if 6, <6 on 0< 6 <90°.)

60. siné’:m?/l:m/lNSl

So, m = ! = !

=19.
Nlyisible max (7400 cm_1)<1010$)(7.00><10_7 m)

1.9 <2, so only complete visible spectrum will be formed on either side of the central maximum.

61. sinf = mi
d

dsiné
m=

A
_sinf

NA

The smallest visible wavelength (400 nm) will result in the highest-order visible maximum.

sin90°
m= =2
(890 mm*l)(%)(monof" m)
. A
62. sind = m; =mNA

ﬂ:sinﬁ_ sin 90° ):

mN 2(760 mm~")(1000 mm
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63. sinfd = mi
D

.1 mAd
0 =sin 1 ma
D

=sin"' mAN

m 1 2 3 4 5

6 ) | 11 | 23 | 355 51 | 75

6, ) | 16 | 345 | 58 | — | —

The sequence of colors is:
| violet, orange, violet, orange, violet, violet, orange, violet |

64. (a) 4 =420 nm
A, =630 nm

ml:smﬁ
N

sin 90°
M max = =5

-9 —15(1000
(420x10~% m)(450 mm )(TM)

sin 90°
My max = =3

(630x10™ m)(450 mm™")(1060.mm )

m 1 2 3 4 5

miy(nm) | 420 | 840 | 1260 | 1680 | 2100

mAy(nm) | 630 | 1260 | 1890 | — —

The orders of the overlapping lines are | 3 for 420-nm light and 2 for 630-nm light

sin @ _
N
0=sin"' mNA

mA

(b)

=sin"!(3)(450 mm_l)(

SR

For m >1,sinf = m7/1 > 1, which is impossible because sinf <1.

Mj (420x107% m)
Im

65. (a)

24
b) —>1
(b) P

d <24
d <2(420 nm)
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66.

67.

68.

Find the angle of the first-order maxima.
y=Ltand

0 =tan"! Y

53m
1 2

2.00 m

=tan

Find the ratio %

mA=dsin@
(O =siné
1.53 m
—sintan | —2
2.00 m

Find the distance between the second-order maxima.
2y=2Ltand

=2Ltansin! %
d

1.53m
=2(2.00 m) tan sin™!| 2sin tan ™! —2
2.00 m
-

incident path difference =d sing

diffracted path difference =d sing

total path difference = 2d sing

Physics: An Introduction

For constructive interference, the path difference must be an integer multiple of the wavelength. So,

m/I:sting, where m=0, +1, £2, ....

0 (°) 0 (rad) sin @ tan 6 %
0.0100 | 0.000175 | 0.000175 | 0.000175 1.00
1.00° 0.0175 0.0175 0.0175 1.00
5.00° 0.0873 0.0872 0.0875 0.996
10.0° 0.175 0.174 0.176 0.985
20.0° 0.349 0.342 0.364 0.940
30.0° 0.524 0.500 0.577 0.866
40.0° 0.698 0.643 0.839 0.766
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69. y=Ltanb;, = Ltan(l .22%) =(0.25 m)tan

70. y=Ltan6
_ Y
tan @
-y
tan%
1.32m

1.22(555x10™ m)
0.0125 m

=| 24.4 km

tan

71. (a) phase change for R, :%

2nt 1
+_
2

2nt

lvacuum
4n  4(1.38) -

phase change for R, =

acuum

difference of phase changes =

Chapter 28: Physical Optics: Interference and Diffraction

1.22(540%x10~ m)
=| 55 um
20030 m

1 1 2nt 1 ..
—= = E for destructive interference

+—_—
2’ 2 ﬂ“vacuum

t
(b) phase change for R = "
acuum
phase change for R; = 3t +l
acuum 2
. 3nt t
difference of phase changes = AL
acuum 2 A’Vacuum
_ 2nt 1
ﬂ'vacuum 2

=1 for constructive interference

72. (a) constructive interference
2nt 1
=m
lvacuum 2
1
2nt = ( Ejﬂwacuum
( %) Avacuum
2n
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destructive interference
2nt

Avacuum

t

=m

— mﬂ'vacuum
2n
Determine the minimum thickness of a soap bubble that will allow at least one maximum (minimum).

1
) (0+41) Avacuum _ vacuum _ 575 nm _

c= = = nm
2n 4n 4(1.33)
td — (Dﬂvacuum — 575 nm — 216 nm
2n 2(1.33)

| An interference maximum may be generated by a film that is too thin to generate an interference minimum.

(b) 7 min =108 nm
td,min =216 nm

possible thicknesses: |108 nm <¢ <216 nm|

73. phase change at air-oil interface: %

. . 2nt 1
phase change at oil-water interface:

acuum 2

difference of phase changes = 2nt L] 2nt

acuum 2 2’ ﬂ'vacuum
constructive interference

2nt
ﬂ'vacuum

t

— mﬂvacuum
2n

3.00 A0 = 2.004,04
‘= S'OOJVblue _ 300(458 nm) _

2n 2(1.30)
74. 2nt’ 1 =m
ﬂ'vac 2
2nt 1
—=m+—
Arvac 2
’ 2nt
Avac = 1
m+ E
2nt
ﬂ'vac cos Hr fr — 1
+ L
2
Find Hrefr .
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Haip SING; = nsin Gpopy
. ] Myj; SIn45°
Orefy = sin EE—

2nt

.- . sin45°
(m+l)cossm 1 Maiy SN 457
2 n

2(1.33)(800.0 nm)
(m + %)cos sin”! 1.00sin45°

m 0 1 2 3 4 5 6
A (nm) 5000 | 1700 | 1000 720 560 460 390

Since the visible range is 400 nm < 4 <700 nm, the visible wavelengths that are constructively reflected are
[460 nm and 560 nm].

75. mi=dsing="9

0 =sin"' mAN =sin"{(1)AN =sin"! AN
y=Ltan@

vy —y =L(tan 6, —tan g))
= L[tan(sin ! A, N) - tan(sin ! 4 V)]

=(1.80 m) {tan {sin_1(589_59x 10_9m)(474 hnesJ[lOO Cmﬂ

cm 1 m

_tan{sml(588.99x109 m)[474 hneSJ(loo Cmﬂ}
cm 1m

SErm

76. A'=1c080.f

1A
Oefy = COS 1z

—1 420 nm

=cos ———

560 nm

=41°

gip SIN G, = nSin G,op;

0. — sin”! nsin Bep
1
Raiy
—in”! (1.33)sin41.4

1.00

-]
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L 1
77. phase change at air-oil interface: 5

78.

79.

. . 2nt
phase change at oil-water interface:
acuum
. 2nt 1
difference of phase changes = ——
acuum 2
for destructive interference:
2nt 1 1
—=m-—,m=0,1,2, ...
ﬂ'vacuum 2 2
t= mﬂvacuum
2n
;= MredAred _ Mplueblue
2n4i) 2n4i)

Mpe  Aeg  6870nm 3

Using my,),. =3, we have

3 e 3(458 nm)
t= = = -491 nm
2710“ 2(140)

Mred _ Aplye _ 458 nm _ 2

Physics: An Introduction

(a) A ray of light reflected from the lower surface of the lens has no phase change. A ray of light reflected from
the top surface of the flat piece of glass undergoes a half-wavelength phase change. Near the center of the
lens the path difference for these two rays goes to zero. As a result they are half a wavelength out of phase,

resulting in destructive interference. Hence, the center of the pattern is a [dark spof.

2d
b) —=m=10
(b) —==m
d=52

Using the same geometry as in the solution of Problem 30,

R* =1 +(R-51)°
r= \/Rz —(R-51)2 =\10R1—252% ~10RA
= /10(26.1 m)(589x10™° m)

~[2tem
A A
a) sinfd=m—=02)—
(a) W ( )W
A= W'sin6 :Ksin(tan1 Zj
2 L

2
1(0.1522 m)

1.25m

11.2 . _
= ﬂsm tan

SEmY

(b) Since siné is inversely proportional to W, decreasing I increases sin &, resulting in a distance that is

15.2 cm.
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sin(N¢/2)
sin(¢/2)

In the limit & - 0, sind >0, ¢ —> 0.

For small ¢, sin(N¢/2)=N¢@/2 and sin(¢/2)=¢/2.

Thus for small ¢

2
Ng/2
=1, {(;T)} = N?I,

2
80. (a) /= IO{ } where ¢ =(2xzd/A)sin@

(b) /=0 when sin(N¢/2)=0. This first occurs when

N¢/2=+r7@
2z
=+
¢ N

(¢) Since ¢ is inversely proportional to N, increasing N decreases ¢, which results in a decrease in siné and &
at which zero intensity occurs.

A

sinf =——
2rd

Therefore the pattern becomes .

81. bottom of top plate
2nt

phase change =

acuum
top of bottom plate

2nt 2d 1
phase change = + —
acuum ﬂ“vacuum 2
. . 2 2 1 2
difference in phase changes = i + d +—— "
ﬂvacuum ﬂ'vacuum 2 ﬂ“vacuum
2 1
ﬂ'vacuum 2
2d 1 . . . L .
+— must be equal to an integer for constructive interference. Since 0 would result in either a negative d
ﬂ'vacuum
or A, 1is the lowest such integer.
2d +l=l, 2,3,...
ﬂ'vacuum
2d —120, L2,..
Avacuum
So, 2d —lzmwheremzo, L2,...
ﬂ'vacuum
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82.

83.

curved surface

2Mg)56st
phase change = Telass’
plate
20106 2 1
phase change = Tglass” 2d +—
A A2

t is the thickness of the curved glass and d is the distance from the bottom of the curved glass to the top of the
plate.

2 g1aesl 2 1 2hg0aest
difference in phase changes = gl 2d o el

A 2 A
2d 1
=4
A 2
Destructive interference (dark rings) occurs when
24,1 135
A2 27272777
2d =0,1,2,...
A
=nwheren=0,1,2, ...
ni
SO, dn :7.

Relate  to d.

Let the distance from the center of the curved glass to the nth dark ring be one leg of a right triangle with the
radius of curvature as the hypotenuse. The distance from the center of curvature to the point of contact of the two
pieces of glass equals the radius of curvature. This distance minus d,, is the other leg of the triangle. Use the

Pythagorean theorem to solve for 7,.
R? =12 +(R-d,)
r2=R*-R*>+2Rd,—d,’

n

r, =\2Rd, —d,’
2
()
2 2

n*1?
4

=4|nAR—

diameter =2y =2Ltan6;,

. A
s Hmin = 1225
11224
‘gmin =sm - ——

D
_ Sin_l 1~22ﬂvvacuum
nD

1 1 ~22ﬁ'vacuum )

diameter = 2L tan (sin
nD

=2(0.0254 m) tan {sin

[55m]

1 1.22(550x10~° m)
(1.336)(0.00300 m)
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