CHAPTER 38

A 6.328x1077

38.1 sinf== = — =211x107°
a 3.00 x 10
100m - tan 6=sin 6= 6 (for small 6)
2y=
38.2 The positions of the first-order minima are y/L=sin8=xA/a. Thus, the spacing between

these two minima is Ay =2(A/a)L and the wavelength is

DAY a0 [4.10x1073 mID0.550 x 1073 mO
A= —_—"= =547 nm
D20 H 2 H 206m H 547 nm|

y : mA 3 AmAL
38.3 T =sin =— Ay =3.00x107° m Am=3-1=2 and a=
a Ay
2)(690 x 10~° m)(0.500 m
a= X _2( ) -[230%x10*m
3.00x107° m
*38.4 For destructive interference,

A A 5.00 cm

sin 6=m 22 “360cm =0.139 and 0=7.98°

d
i —tan 6 gives d=Ltan 8= (6.50 m)tan 7.98° =0.912 m

4= [FL2om|

© 2000 by Harcourt, Inc. All rights reserved.
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*38.5 If the speed of sound is 340 m/s,
P _340m/s 5
=T “Tes0/s - 0928m

Diffraction minima occur at angles described by asin 6=mA
1.10 m sin 61 = 1(0.523 m) 6 = 28.4°

1.10 m sin 8, = 2(0.523 m) 6, = 72.0°

1.10 m sin 03 = 3(0.523 m) 83 nonexistent

Maxima appear straight ahead at and left and right at an angle given approximately by

(110 m) sin B, = 1.5(0523 m) 0,

There is no solution to a sin 6 = 2.5\, so our answer is already complete, with sound
maxima.

386 (a) sing=Y="
L a

Therefore, for first minimum, m = 1 and

_ay _(750x107 m)(850x107¢ m)
“mA (1)s875x107° m)

-
(b) w=2y, yields y; =0.850 mm

w= 2(0.850 x 1073 m) =

-3
38.7 sing=Y = 410x10 °m
L~ 120m

- 4.00x10"* m -3 M0
B:nasmezn( )D4.10><1O mH:7.86 rad

2 A 5461x10 °m 0 120m

| Gin(g/72)f _min(7.86)f _ -
e e PP
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38.8 Bright fringes will be located approximately midway between adjacent dark fringes.
Therefore, for the second bright fringe, let m = 2.5 and use

sin@=mA/a=y/L .

. ay _ (0.800x107% m)(1.40x1073 m) 7
The wavelength will be A =—-= =5.60x10"" m= (560 nm
g mL 2.5(0.800 m)

38.9 Equation 38.1 states that sin 6 = mA/a, where m =1, £2, +3,.... 3
The requirement for m = 1 is from an analysis of the extra path distance \/3 0
traveled by ray 1 compared to ray 3 in Figure 38.5. This extra distance — P> 207
must be equal to A /2 for destructive interference. When the source /
rays approach the slit at an angle 3, there is a distance added to the path \L AN
difference (of ray 1 compared to ray 3) of (a/2)sinB  Then, for A

N > X Zsing
destructive interference, —sinﬂ‘ 2
Esinﬁ+gsin9:1 SO sinezi—sinﬁ.
2 2 2 a
Dividing the slit into 4 parts leads to the 2nd order minimum:; sin 8= % -sin B
Dividing the slit into 6 parts gives the third order minimum: sin = % -sin

. . .. . . mA .
Generalizing, we obtain the condition for the mth order minimum: sin 8= — —sin B
a

*38.10 (a) Double-slit interference maxima are at angles given by dsin 8 =mA.

For m=0, 60:

For m=1, (2.80 ym)sin 8=1(0.5015 ym): 6, =sin"}(0.179) =

Similarly, for m=2, 3, 4, 5and 6, 6, = .6, = [325°], 6, = [45.8°],

65 = ,and G5 =sin~1(1.07) = nonexistent.

Thus, there are 5+5+1= |11 directions for interference maxima| .

(b) We check for missing orders by looking for single-slit diffraction minima, at asin &=mA.

Form=1, (0.700 pm)sin 6 =1(0.5015 pm) and 6, =45.8°.

Thus, there is no bright fringe at this angle. There are only [nine bright fringes| , at
6=0° +10.3° +£21.0°, £32.5°, and +£63.6°
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(&in(rrasin 6?/)\)D2

o I=1
© M5 masin 6, A E
At 6=0°, Sn6 1 and . [To0
6 ImaX
At 6=10.3° masin 6 _ 71(0.700 pm) sin 10.3° — 0,785 rad = 45.0°
o A 0.5015 um ' '
| [3in 45.0°(F
= - [0.811
lmax 0 0.785 H
Similarly, at 6=210°, 250 157 rad=00.0°  and | | _ 0405
max
At §=32.5°, 7asin @ _ , 36 rad = 135° and | [0.0901
A Imax
At 0=63.6°, 71asin 0 _ 5 g3 rad = 225° and | 00324

, A 500x107" m —
38.11 sin == =—————— =|1.00x10"°rad
a 5.00 x 10

y A y = radius of star-image
38.12 Omin={ =122 L = length of eye
(1.22)(5.00 x 10~7)(0.0300) A =500 nm
X
== : : ={2.61 um D = pupil diameter
7.00 x 1073 pup
6 = half angle
38.13 Following Equation 38.9 for diffraction from a circular opening, the beam spreads into a cone
of half-angle
A (632.8 x 107° m) 4
Omin=1.22 D =122 000500 m) - 1.54x 10 "rad

The radius of the beam ten kilometers away is, from the definition of radian measure,

I'veam = Omin (.00 X 10* m)=1544m

and its diameter is d peam = 2I beam =

© 2000 by Harcourt, Inc. All rights reserved.
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Goal

Goal Solution

A he

lium-neon laser emits light that has a wavelength of 632.8 nm. The circular aperture through which

the beam emerges has a diameter of 0.500 cm. Estimate the diameter of the beam 10.0 km from the laser.

G: A typical laser pointer makes a spot about 5 cm in diameter at 100 m, so the spot size at 10 km would
be about 100 times bigger, or about 5 m across. Assuming that this HeNe laser is similar, we could
expect a comparable beam diameter.

O: We assume that the light is parallel and not diverging as it passes through and fills the circular
aperture. However, as the light passes through the circular aperture, it will spread from diffraction
according to Equation 38.9.

, ) (632.8x107° m) Y
A: The beam spreads into a cone of half-angle Oin =122 —=1.22—————"=154%x10"" rad
D (0.00500 m)
The radius of the beam ten kilometers away is, from the definition of radian measure,
- 4 )
Fbeam = Omin(L00x10% m) =154 m
and its diameter is Apeam = 2lpeam = 3-09 M

L: The beam is several meters across as expected, and is about 600 times larger than the laser aperture.
Since most HeNe lasers are low power units in the mW range, the beam at this range would be so
spread out that it would be too dim to see on a screen.

LA d 580x10' mg _ d  glmi ~
38.14 Omin=12F =T 1.22 %.OO 103 m% =1.80 mi (1609 mOJ d=10.512 m
The shortening of the wavelength inside the patriot's eye does not change the answer.
38.15 By Rayleigh's criterion, two dots separated center-to-center by 2.00 mm would overlap when
d A
Opin =—=122—
min L D
o (2.00x107% m}(4.00x107% m)
Thus, L= = = =13.1m
1222 1.22(500x10™° nm|
A 1.22(5.00 x 10~ ")
38.16 D=1.22 =

1.00 x 10—5 m =

6 min




38.17

38.18

38.19

38.20

38.21

38.22
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_ O wavelength 0O _(distance between sources)
Bin =1.22 — =
Ebupll dlameterE L

1220 _w

o 1224 (vY)
d

Thus

1.22(650 x 10™° m}(20.0 m/s)(600 s)

Taillights are red. Take A=650nm: w= = =11.90m
5.00x107° m
t U i
6, =122 wgvel_ength _ (distance between sources) so 12224 _w
Ebupll dlameterH L d vt
1.22A(vt) : : -
w = —q where A =650 nm is the average wavelength radiated by the red taillights.
1.22A d c
—_— =T A=z =0.0200 m D=210m L =9000 m
D L f
_ (0.0200 m)(9000 m)
4=127"5T0om =
L, o X A
Apply Rayleigh's criterion, Brnin = D =1 22H
where Bin = half-angle of light cone, x = radius of spot, A =wavelength of light,

d = diameter of telescope, D = distance to Moon.

Then, the diameter of the spot on the Moon is

D0 2(122)(694.3x107° m)(3.84x 10° m)

= (241 m
d O 2.70 m

_,0
2X = 2D1.22

_ (3.00x107* m)
For 0.100° angular resolution, 1.22%——+

=(0.100

L=88.6x10°m, D=0.300m, A=590x10"°m

(@) 1.22% =6in = |2.40x107° rad

(b) d=6pinL =

© 2000 by Harcourt, Inc. All rights reserved.
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_1.00cm _1.00x107% m
2000 2000

38.23 d

=5.00 um

m 1(640 x107° m)

sin 6= S J=-0128 6=[7.35°
d 500x10%m

38.24 The principal maxima are defined by H — l
dsin @=mAm=0,1,2, ... :/6720.4#138
Form=1, A=dsin 8 : R T
where @ is the angle between the central (m = 0) and the first order HH 172 H‘li

(m = 1) maxima. The value of @ can be determined from the
information given about the distance between maxima and the
grating-to-screen distance. From the figure,

o= 0.488m o= . d ing=
tan 6= T7om =0.284 SO =15.8 an sin 6=0.273

The distance between grating "slits" equals the reciprocal of the number of grating lines per
centimeter

d T =1.88x107% cm = 1.88 x 10° nm

B 1
"~ 5310 cm™

The wavelength is A = d sin 6= (1.88 x 10 nm)(0.273) =

. . . (100 X 10_2 m) _6 Oirder m Bed ® Violet
38.25 The grating spacing is d= 500 - 222%x107° m 5

In the 1st-order spectrum, diffraction angles are given by

S D 30° 60° 90°
in o= i . in B = 656 x 107" m _ Angle
SIne=7q - Sin 61 = 6m 0.295 Figure for Goal Solution

so that for red 6, =17.17°

434 x107° m

————— =01
2.22x10°%m 0.195

and for violet sin 6, =

so that 6,=11.26°



Chapter 38 Solutions 413
The angular separation is in first-order, AO=17.17°-11.26° =

A0 2,0

—ain-1 - - °

In the second-order spectrum, AO = sin %j—% —sin %E =
2.0 2,0

- - - _ - _1 - _1 _ o

Again, in the third order, AB = sin %E —sin é%—% =

Since the red line does not appear in the fourth-order spectrum, the answer is complete.

Goal Solution
The hydrogen spectrum has a red line at 656 hm and a violet line at 434 nm. What is the angular
separation between two spectral lines obtained with a diffraction grating that has 4500 lines/cm?

G: Most diffraction gratings yield several spectral orders within the 180° viewing range, which means

that the angle between red and violet lines is probably 10° to 30°.

The angular separation is the difference between the angles corresponding to the red and violet
wavelengths for each visible spectral order according to the diffraction grating equation, dsin6=mA.

The grating spacingis d= (1.00 x 1072 m)/4500 lines =2.22x107° m

In the first-order spectrum (m = 1), the angles of diffraction are given by  sin 6=A/d:

-9
sing,, = 02010 M _ 595 s0 6, =17.17°
2.22x10° m
: 434x107° m
sin@, =———=0.195 SO 6,, =11.26°
N 2.22%x10% m w
The angular separation is NG =06y, - 6,,=17.17 -11.26 =5.91
nd._ = =qj _1%D— 1 _1mAVD: o
In the 2nd-order (m =2) AB, =sin Og O sin™" 5 40 13.2
- _ —aintBA O o aBAVO_ o6 o
In the third order (m = 3), AB; =sin Og O S 0 26.5
In the fourth order, the red line is not visible: 6, =sin"}(4A, 7 d) =sin"'(118) does not exist

The full spectrum is visible in the first 3 orders with this diffraction grating, and the fourth is
partially visible.  We can also see that the pattern is dispersed more for higher spectral orders so
that the angular separation between the red and blue lines increases as m increases. It is also worth
noting that the spectral orders can overlap (as is the case for the second and third order spectra
above), which makes the pattern look confusing if you do not know what you are looking for.

© 2000 by Harcourt, Inc. All rights reserved.
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A _632.8nm

_ _ 3
d_sin 5 = 0350 =1.81 % 10° nm

38.26 sin 8= 0.350:

Line spacing =

1
*38.27 () d=3gsgTines/om = 2732 %107 cm =2.732 x 107° m = 2732 nm
_dsin 6 _ . _
= m : At 6=10.09 A=1478.7 nm
At 6=13.71°, A=|647.6 nm
At 6=14.77°, A=(696.6 nm
by d= A and A=dsin @ SO sine-ﬂ A =2sin @
_sinel - 2 27 d oA O !
5in 610
Therefore, if 81 = 10.09° then sin 8, = 2 sin (10.09°) gives 8, = [20.51°
Similarly, for 8, = 13.71°, 8, = (28.30°| and for 8, = 14.77°, 8,= |30.66°
0= grgm— = -0
38.28 = 8007/mm —125x107° m
The blue light goes off at angles sin 6 _nA 0, =sin! El X500 x 10”7 m% =23.6°
a9 9 mTd Lo 0125x10°m o0

0, = sin~! (2 x 0.400) = 53.1°
03 = sin"! (3 x 0.400) = nonexistent

x7.00 x 107" m
The red end of the spectrum is at 6, =sin"! El o % =34.1°
0125x100°m [J

6, =sin"! (2 x 0.560) = nonexistent

So only the first-order spectrum is complete, and |it does not 0ver|ap| the second-order
spectrum.
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38.29 (a) From Equation 38.12, R =Nm where N = (3000 lines/cm)(4.00 cm) =120 x10" lines.
In the 1%t order, R = (1)(1.20 x 10* lines) =
In the 2"9 order, R =(2)(1.20 x 10* lines) = | 2.40 x 10*
In the 3™ order, R = (3)(1.20 x10* lines) =
(b) From Equation 38.11, R :AL/\:

A 400 nm
In the 3 order, M =2="""_ =0.0111 nm = [11.1 pm
R 3.60 x104

38.30 sin 6= %

Therefore, taking the ends of the visible spectrum to be A, =400 nm and A, =750 nm, the
ends the different order spectra are:

2A m
End of second order: sin 6,, = q L= %
2A
Start of third order: sin 0y, = TV = %"

Thus, it is seen that | 8,, > 65, and these orders must overlap| regardless of the value of the

grating spacing d.

A 531.7 nm
3831 (a) Nm= 5 N(1) =019 nm - [2800
1.32x107% m

(b) %800 - 4.72 um

38.32 dsin8=mA and, differentiating, d(cos 8)d0 =mdA or d\;““l—sin2 OA8=mAA
d\1-m2A2/d? AG=mAA so no~—— M
yd2/m? - A?

© 2000 by Harcourt, Inc. All rights reserved.
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38.33

38.34

38.35

38.36

(@)

(b)

-3
g= 10010 " mmm _ ;454106 m = 4000 nm
250 lines/mm

_dsin @

dsin6=mA O
A

The number of times a complete order is seen is the same as the number of orders in which
the long wavelength limit is visible.

_ dsin B, _ (4000 nm)sin 90.0°

Mmax = =571 or |5 orders is the maximum].
A 700 nm

The highest order in which the violet end of the spectrum can be seen is:

_ dsin B, _ (4000 nm)sin 90.0°

m = =10.0 or 10 orders in the short - wavelength region
max A 400 nm grh re9
d=— L -238x107% m =2380 nm
4200/cm
dsin 6 =mA or 6?:sin'1Em—}\D and y =Ltan Q:Ltanmln'lm}\ as
Od O B
0. _,0mA, 0 0. _,0mA,TH
Thus, Ay=L%an§in ! tansin~t
55 Bdfg g Hd b
0. _1[589. 0. _1|:J589 mal
For m=1, Ay =(2.00 m)tansin ansinT T —— =0.554 mm
y=( )é BN a0t BB 380 HH
O 0. _;1(589.6)] D _1[2 (589)
For m=2, Ay =(2.00 m)tanrsin 1.54 mm
y=( )5‘ BN "H 380 1 " stso HE
0. _18(5 D _1[3(589)[1:D
For m=3, 2.00 m)fanrsin =5.04 mm
by = )U BN H 2380 %_ H2380 H

Thus, the observed order must be .

o _2dsin@  2(0.353x107° m) sin (7.60°) L
2d sin 6 = mA: A= m = @) =0.34x 107" m =|0.0934 nm

mA (1)(0.129 nm)

2dsin 6=mA 0O d= Y =Zsin B.15) =10.455 nm
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38.38

38.39

*38.40
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. _ mA  1(0.140 x 10-° m)
2dsin 6 =mA SO sin 6=—7 = =0.249 and -6: 14.45
2d 2(0.281 x 1079 m) -
. mA . 1A
sin By =54 - sin 12.6° = 2q = 0.218
. 2A
sin 6, = 2d - 2(0.218) o) 6,=25.9°
other orders appear: 05 =sin™ (3 x 0.218) = 40.9°

0,=sin"t (4 x 0.218) = 60.8°

05 =sin"! (5 x 0.218) = nonexistent

. L IMAC. . 1P x0.166[]
2dsin 6 =mA 0 =sin"! =sin"le—————=31.9°
' N HdE " Bxo0314E

Figure 38.25 of the text shows the situation. 2dsin 6 =mA or A= 2dsn|1n 0
2(2.80 m)sin 80.0°

m=1 0 if pRET -
2(2.80 m)sin 80.0°

m=2 0 iz s -
2(2.80 m)sin 80.0°

m=3 0 Az ={1.84m

3

The average value of the cosine-squared function is

the light.

N| —

one-half, so the first polarizer transmits

The second transmits cos? 30.0° = 7

© 2000 by Harcourt, Inc. All rights reserved.
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3842 (a)
(b)

38.43
(@)
(b)
(©

38.44

38.45

38.46

61=20.0°, 6,=40.0°, 65=60.0°
"hn

It = I; cos?(8; — 0°) cos?(0, — 1) cos’(B3— 65)

lf = (10.0 units) cos?(20.0°) cos?(20.0°) c0s%(20.0°) = 6 89 units @N—

6:=0°, 6,=30.0°, O5=60.0°

It = (10.0 units) cos?(0°) cos?(30.0°) cos?(30.0°) =

| 172
0= COS_l 0
DmaXD

_ _ -1+ 0 _ o
=300 U 0=cosTmoen =

I —_ 1 —lD_D — o
I~ =500 [  0=C0sT moan

| = Imay COS? 6 O

_ 1

1 D —_ o
I~ 100 0  @=cos uoom

By Brewster's law, n=tan 6, = tan(48.0°) =
sin(i?c21 or n= _1 =— L =1.77
n sinB, sin 34.4°

Also, tan 6, =n. Thus, 6, =tan"}(n)=tan"*(L77)=

sin 6, =1 and tan 6, =n
n

tan 6,




38.47

38.48

38.49
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Complete polarization occurs at Brewster's angle  tan §,=133 6, =53.1°

Thus, the Moon is above the horizon.

For incident unpolarized light of intensity |,,: 0,
0
i e 2 0
After transmitting 1% disk: = 5 max L; 3
After transmitting 2"9 disk: I = %%max cos? @ I;
_m

After transmitting 3" disk: I max £0s? 85cos?(90°-6)

)
where the angle between the first and second disk is 8 = wt.

Using trigonometric identities cos® @ = %(1+ cos 26) and cos®(90 - 6) =sin® @ = %(1— cos 26)

we have | :%Imax é(“cgs 29)%1"0‘235 29)§=%Imax(1—c05226) =%Imax%gl—cos 46)
Since 6= wt, the intensity of the emerging beam is given by I = % | max (1= cos 4wt)

Let the first sheet have its axis at angle 6 to the original plane of polarization, and let each
further sheet have its axis turned by the same angle.

The first sheet passes intensity | max OS2 6.

The second sheet passes | max €OS* 6,

nd the nth sheet lets through | max €051 620901,  Where 6 =45°/n
[45°01 25°0

Try different integers to find cos? "5 E}B—E =0.885, cos?*8 %6_5 =0.902,

(@ So n:@

(b)

© 2000 by Harcourt, Inc. All rights reserved.
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*38.50

38.51

38.52

38.53

(@)

(b)

©

Consider vocal sound moving at 340 m/s and of frequency 3000 Hz. Its wavelength is

A=Y =380 6005
f ~ 3000 Hz

If your mouth, for horizontal dispersion, behaves similarly to a slit 6.00 cm wide, then
asin 8 =mA predicts no diffraction minima. You are a nearly isotropic source of this sound. It
spreads out from you nearly equally in all directions. On the other hand, if you use a
megaphone with width 60.0 cm at its wide end, then asin 8 =mA predicts the first diffraction
minimum at

M0, GO MO_ g 6o

6 =sin —
Oa O [0.600 mO
This suggests that the sound is radiated mostly toward the front into a diverging beam of
angular diameter only about 20°. With less sound energy wasted in other directions, more is
available for your intended auditors. We could check that a distant observer to the side or
behind you receives less sound when a megaphone is used.

The first minimum is at asin 8=1A.
. L. A
This has no solution if T >1

or if a<}\:

oA 5.00x107" m 3\ D =250 x 103 m
x=120D =122 " T{250x10 m) = [30.5 m) e etox10T

d=5.00x%10"°m

1

_ _ -6
=200/mm - 250x107° m

d

_, 2x541x10°° mQ

dsin 8=mA 6, =sin =125.6°
@ H250x10°m H
jo54x100m .
= 133 =407x100" m
. [@x4.07x107" mQ
6, =sin™! =[19.0°

3 0 =
0250x10%m O

2A
dsin 6, = 2A dsinGD:n— nsin 6,=1sin 6,



*38.54 (a)
(b)
(©
(d)

38.55

38.56

3857 (a)
(b)
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8
A=Y 23000 S g o4 m
f 140x10%s

oA . oo0 0214m [O_ _ (1180 x 60 x 60 S[_
Omin =1225 =122 = = [726 prad] =7.26 prad ——

Ormin = %: d = 6pyinl = (7.26 x107° rad))(26 000 ly) =

oA . 0500x107 0 mO_
Omin =122 =122 Troxo"mb (10.5 seconds of arc)
d = 6pyinl = (50.8x107° rad)(30.0 m) =152x10* m =

A (2.00m)

Omin =122 = 1.22m =[0.244 rad = 14.0°

With a grazing angle of 36.0°, the angle of incidence is 54.0°

tan Gp =n=tan 54.0°=1.38

In the liquid, A,=A/n=750nm/138=

3(500 x10™° m
dsin@=mA, or d= mA ( )

= — = - =2.83 um
sin 8 sin 32.0°

Therefore, lines per unit length = L :;_6
d 2.83x10°m

or lines per unit length =3.53x10%/m =|3.53x10%/cm|.

m(500x107° m
sing="4 = ( — ) =m(0.177)
d 2.83x10 ° m

For sin #<1.00, we must have m(0.177)<1.00 or m<5.65

Therefore, the highest order observed is m=5

Total number primary maxima observed is 2m+1=

© 2000 by Harcourt, Inc. All rights reserved.

1.50 arc secondsi
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Goal

Goal Solution

Light of wavelength 500 nm is incident normally on a diffraction grating. If the third-order maximum of
the diffraction pattern is observed at 32.0°, (a) what is the number of rulings per centimeter for the
grating? (b) Determine the total number of primary maxima that can be observed in this situation.

G: The diffraction pattern described in this problem seems to be similar to previous problems that have
diffraction gratings with 2000 to 5000 lines/mm. With the third-order maximum at 32°, there are
probably 5 or 6 maxima on each side of the central bright fringe, for a total of 11 or 13 primary
maxima.

O: The diffraction grating equation can be used to find the grating spacing and the angles of the other
maxima that should be visible within the 180° viewing range.

A: (a) Use Equation 38.10, dsin@=mA

-7
_ mA _ (3)(5._00 x107" m) _ 283x10-° m
sin@ sin(32.0°)
Thus, the grating gauge is %: 3.534x10° lines/ m = 3530 lines/cm ¢
. A O_m(5.00x107" m)
b sin@=m_-—_= =m(0.177
®) OdO  2.83x10° m ©.177)
For sin 6<1, we require that m(L77)<1 or m<5.65. Since m must be an integer, its maximum
value is really 5. Therefore, the total number of maxima is 2m+1=11

L: The results agree with our predictions, and apparently there are 5 maxima on either side of the
central maximum. If more maxima were desired, a grating with fewer lines/cm would be required;
however, this would reduce the ability to resolve the difference between lines that appear close
together.

38.58 For the air-to-water interface, ,

!
[
e
tan @, = Mwater ~ 133 53 0 2
N, 100 ! Air
\‘\lQ\ Water
and  (1.00)sin 6, =(1.33)sin 6, =
. _1[®in 53.1°O
6, =sint "= —=36.9°
2 0 133 O
. _ _ Nglass _ 1.50 _ o
For the water-to-glass interface, tan 6, =tan 6; = ——=—— SO 6;,=484
nwater 133

The angle between surfaces is 0=06,-6, =
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o _ _ A (550 %107 m) y
38.59 The limiting resolution between lines 8, =1.22—=1.22 = =1.34x10"" rad
D iS.OO x10 mi

Assuming a picture screen with vertical dimension |, the minimum viewing distance for no
visible lines is found from 68, :(I /485)/L. The desired ratio is then

L 1 1

= = - = 1154
| 4856y, 485(1.34x10 rad)

38.60 (a) Applying Snell's law gives n,sin @=n;sin 8. From the sketch, we 6 16 g
also see that: W n
0+g+B=m, or @=m-(0+P) N/z &

Using the given identity: sin @ =sin rrcos(6 + ) —cos rrsin(8 + ),

which reduces to: sin@=sin(8 + B).
Applying the identity again: sin ¢=sin 8cos 3+ cos 8sin 3
Snell's law then becomes: nz(sin 6 cos 3 +cos 8sin [3) =n;sin 6

or (after dividing by cos 8): n,(tan 8cos 3 +sin §) =n,tan 6.

n,sin g

Solving for tan @ gives: tanf=———"——
n, —n,cos 3

(b) If B=90.0°, n; =100, and n, =n, the above result becomes:

tan 6 = n(.00) , or n=tan 8, which is Brewster's law.
1.00-0
3861 (a) From Equation 38.1, 6= sin‘lg%}‘g

8
In this case m = 1 and )\=E=3'00L09m/s=4.00><1O'2 m
f 7.50x10° Hz

. _/4.00x1072 mO
Thus, g =sin! = [41.8°
Hs5.00x102 mH

Gin(B/2) '
(b) From Equation 38.4, L 3 m(,B/ )D where = 2masin 6
I max O ﬁ/Z O A
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271(0.0600 m)sin 15.0°
0.0400 m

| (5in 1 22 rad
and B 1 22 rad H = [0593]

max

When 6=15.0°, B= =2.44 rad

(c) sin 6=i so 6=418°: " J
a
0} -
This is the minimum angle subtended by the two sources at the slit. Let a
a be the half angle between the sources, each a distance 1= 0.100m e

from the center line and a distance L from the slit plane. Then, ~L—

L=1 cota =(0.100 m) cot(41.8 /2 =

_ 1 2, 2 1 Aoy — | &
38.62 —E(cos 45.0°)(cos“ 45.0°) = g

Imax

38.63 (a) The E and O rays, in phase at the surface of the plate, will have a phase difference

0=(2mm/ A)5

after traveling distance d through the plate. Here ¢ is the difference in the optical path lengths
of these rays. The optical path length between two points is the product of the actual path
length d and the index of refraction. Therefore,

5:‘dno _dnE‘

The absolute value is used since ng/ng may be more or less than unity. Therefore,

(R (R
6= DTad no - dnE‘ = DT%‘nO - nE

-9
Ao (550x107° m)(m2) .
b) d= = =153x10 ° m = (15.3 um
®© 2mng -ng| 271544 - 1.553|
*38.64 For a diffraction grating, the locations of the principal maxima for wavelength A are given by

sin@=mA/d=y/L. The grating spacing may be expressed as d =a/N where a is the width of
the grating and N is the number of slits. Thus, the screen locations of the maxima become
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y=NLmA Za. If two nearly equal wavelengths are present, the difference in the screen
locations of corresponding maxima is

_ NLm(AA)
- a

Ay

For a single slit of width a, the location of the first diffraction minimum is sin@=A/a=y/L,

ory :(L/a)}\. If the two wavelengths are to be just resolved by Rayleigh’s criterion, y = Ay
from above. Therefore,

rLo, _ NLm(AA) . o A
— A =——" or the resolving power of the grating is R” —=Nm|.
Nk " gp grating o
38.65 The first minimum in the single-slit 1%
diffraction pattern occurs at 0.8 N
sin @ = A»m I/Imax 0.6 é‘\
a L 0.4 .
Thus, the slit width is given by 0.2 .
0 NS NN D7 RN

az AL 0 5 10 15 20

Ymin Distance from center of pattern (mm)

+ Experimental —— Theoretical

For a minimum located at Yy, =6.36 mm =0.08 mm,

632.8- 10" ° m (1.00
( n)s( ) =(99.5um £1%
6.36-10°° m

the width is a=

: [ Etin(ﬁ/Z)D2
38.66 (a) From Equation 38.4, =G50
I max g (B/Z) g
- . | 08in (pD2
If we define ¢@=p(/2 this becomes =
lnax 0 @ O
I _1 sing _ 1 /)
Therefore, when == we must have =—, or [singp=—
lmax 2 @ 2 N2
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38.67

©

(b) Let i d d 1.2
et y; =sin g an =—. =
Y1 ganday, 2 1.1
1.0 —
[o— o
A plot of y; andy, in the range 1.00< @< /2 is shown to 0.9 = ]
the right. 0.8 e
0.7
The solution to the transcendental equation is found to 0.6 1 11 12 13 14 15 16
be|p=139rad]|. ¢ (radians)
2rasin 6
ﬁ = f = 2(p
gives sing= 2 i—0.4431.
tmta a

If % is small, then 6=0.443%.

This gives the half-width, measured away from the maximum at 6=0. The pattern is
symmetric, so the full width is given by

70 =0.443" — 00 4432 0= | 08864
a O al a

Q J2sing
1 119 bigger than @
2 1.29 smaller than ¢
15 141 smaller
1.4 1.394
1.39 1.391 bigger
1.395 1.392
1.392 1.3917 smaller
1.3915 1.39154 bigger
1.39152 1.39155 bigger
1.3916 1.391568 smaller
1.39158 1.391563
1.39157 1.391560
1.39156 1.391558
1.391559 1.3915578
1.391558 1.3915575
1.391557 1.3915573
1.3915574 1.3915574

We get the answer to seven digits after 17 steps. Clever guessing, like using the value of 2 sin ¢

as the next guess for ¢ could reduce this to around 13 steps.



*38.68

(@)

(b)
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i Gineag o Cesin(B/2)CHp/2)cos(B 2)(L2) -sin(B/2)(12)
R S Il I (17 % (62 q

and require that it be zero. The possibility sin(B/Z)zO locates all of the minima and the
central maximum, according to

B/2=0, m 2m, .. .; B=2naf3ine=0, 2m, 4m, ..., asinf8=0,A, 2A,....
The side maxima are found from Ecos B . sin B 0, or tan B = ﬁ
2 k2t L2t L2+ 2
This has solutions gz 4.4934 |, gz 7.7253|, and others, giving
masin 6= 4.4934 A | asin 6=14303) |
masin 6=7.7253A | asin 6=2.45901 |

A _ radius of diffraction disk _ D

*38.69 (a) We require 9min:1-225— —.

L ToL

Then |D?=2.44AL

b) D= \f2.44(500 x107° m)(0.150 m) =
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