HOMEWORK 4 -- SOLUTIONS TO PROBLEMS
23.34. SetUp: n = % The frequency of light doesn’t change when it passes from one material into another.

A
v = fA =

Aoy _ 400 nm _ Agr 700 nm
Solve: @A, ==~ =— 5 = 2mm A== =

= 522 nm. Range is 299 nm to 522 nm.

¢ _3.00 x 10°m/s

o =c=300X 10°mfs. f =—=—————"— =429 X 10" Hz.
(b) Calculate the frequency in air, where v = ¢ = 3.00 X 10° m/s. f, A 700 X 10 m

3.00 X 10%m/s

fomes 2% _ 7,50 X 10" Hz. Range is 4.29 X 10" Hz to 7.50 X 10" Hz.
A, 400X 10™°m
3.00 X 108 m/s
©uv==<= SO =224 X 10° m/s
n 1.34

23.44. Set Up: Snell’s law says n,8inf, = n,sinf,. Apply Snell’s law to the refraction from material X into the
water and then from the water into the air.

Solve: (a) material X to water: n, = ny, n, = n,, = 1.333. 6, = 25° and 0, = 48°.

) = (1.333)(2?11480

in25°

sinf,

n, = nb(sinﬂg ) =234

(b) water to air: As Figure 23.44 shows, 0, = 48°. n, = 1.333 and n,, = 1.00.

sin, = (:~) sing, = (1.333) sin48° = 82°.
b

Figure 23.44



23.45. Set Up: n,sinf, = n,sin6,. The light is in diamond and encounters an interface with air, so n, = 2.42 and

n, = 1.00. The largest 6, is when 6, = 90°.
1

Solve: (2.42)sin6, = (1.00)sin90°. sinf, = S and 8, = 24.4°.
23.57. Set Up: For unpolarized light incident on a filter, / = 37, and the light is linearly polarized along the filter
axis. For polarized light incident on a filter, I = /., ( cos¢)? where I, is the intensity of the incident light, and the
emerging light is linearly polarized along the filter axis.

Solve: (a) After the first filter, / = I, and the light is polarized. After the second filter I = (31,) ( cos41.0°)? =

0.2851,.
(b) The light is linearly polarized along the axis of the second filter.

24.MC2

Answer is A. It must be a converging lens, because diverging lenses only produce virtual
images.



2
—. For a concave mirror R > 0. To find the height of

24.5. Set Up: To find the location of the image use—i— + —1,- =
5

! ’

. s
the imageusem = — = ——.
y s
L 2. 1 28R
Solve: =150cm—=—===
(a) s cm s it R , 50
; Rs (10.0cm)(15.0cm)
§'= = =7.5cm.
25— R 30.0cm — 10.0 cm
m-'”{*- 7.5ecm
5 15.0cm 4
and y’ = my = —4(8.00mm) = —4.00 mm. The image is 7.5 cm in front of the mirror. The image is 4.0 mm tall
and is inverted.
(10.0cm)(10.0 cm) 10.0 cm
= 10. 8= =10.0cm. m = — = —-1.00. y' = = —8. . Th
a0 ok 20.0cm — 10.0 cm ki 10.0cm ST &0 ., The
image is 10.0 cm in front of the mirror, at the location of the object. The image is 8.00 mm tall and is inverted.
(10.0cm) (2.50 cm) —5.00 cm
=2.50cm. 5" = = —500cm. m = =———— = +2.00. y' = my = 16.0 mm.
(©) s =250cm. s 500 — 10.0cm cm. m 2.50 em 2.00. y my = 16,0 mm. The
image is 5.00 cm behind the mirror. The image is 16.0 mm tall and is erect.
(10.0 cm) (1000.0 cm) 5.00 cm

d = 1000.0 cm. "= = +5.00 cm. =—-———=-500X 1072
o ¥ M T T 73000.0 cm — 10.0 em T 710000 cm

y' = my = —0.040 mm. The image is 5.00 cm in front of the mirror. The image is 0.040 mm tall and is inverted.

R .
Reflect: Froms' = o _s R we see that the image is real if s > R/2 and virtual if s < R/2. Real images are in front

of the mirror and are inverted. Virtual images are behind the mirror and are erect.

1 1 2
24.6. Set Up: To find the location of the image use = + TR For a convex.mirror R < 0. To find the height of
’ ."I

the imageusem = — = ——,
¥ P

(=10.0cm)(15.0cm)

1 2 1 _2s—R ,_ Rs:
. = — O ——— = = = - _‘3‘7 o
Solve: (a) s = 15.0cm. Pl e R so §'=-"—4¢ e & 100 5cm
&’ 3.75cm
=-==- = +0.250.
& 5 15.0cm aan
y' = my = +2.00 mm. The image is 3.75 cm behind the mirror. It is 2.00 mm tall and is upright.
(—10.0cm) (10.0 cm) 5’ —3.33cm
= K =-333cmm=——=——————= +0.333.
(b)s = 100cm. 5° = 5 b em + 10.0cm g 10.0 cm

+2.67 mm. The image is 3.33 cm behind the mirror. It is 2.67 mm tall and is upright.
(—10.0cm)(2.50 cm) s’ —1.67cm _
= ' = -167cmm=——= —————— = +0.667.
©s =230em.5° = 550 em + 10.0cm 5 250cm
y' = my = +5.33 mm. The image is 1.67 cm behind the mirror. It is 5.33 mm tall and is upright.
(=10.0cm)(1000.0cm) _
(d)s = 1000.0cm. s = 20000cm + 100cm 4.98 cm.

NI ... PPV LS
s 1000.0 cm

y' = my = +0.040 mm. The image is 4.98 cm behind the mirror. It is 0.040 mm tall and is upright.

y =my=




R
24.9, Set Up: For a convex mirror, R < 0,80 R = —18.0cmand f = o —9.00 cm.

1300 cm ) (—9.00 ¢
g _ )( M) g

1 1 1
Solve: (a)— +—=—.5'= =
O s—f 1300cm — (—9.00cm)

s' —8.94 cm
m=s ——= ————
s 1300 cm
(b) The height of the image is much less than the height of the car, so the car appears to be farther away than its
actual distance. '
Reflect: Problem 24.11 shows that the image formed by a convex mirror is always virtual and smaller than the

object.

=688 X 1073 |y'| = |m|y = (6.88 x 107*)(1.5m) = 0.0103 m = 1.03 cm.

R
24.13. Set Up: For a concave mirror, R > 0. R = 32.0cmand f = 2" 16.0 cm.

1 1 1 Sf (120 cm)(lﬁO cm) s’ —48.0cm
Solve: (a)— + — = —.s" = = = —480cm.m=——=————"— = +4.00.
Pl (3 s s f g == i 12.0cm — 16.0 cm % 5 12.0 cm
(b) s" = —48.0 cm, so the image is 48.0 cm to the right of the mirror. s” < 0 so the image is virtual.

(¢) The principal-ray diagram is sketched in Figure 24.13. The rules for principal rays apply only to paraxial rays.
Principal ray 2, that travels to the mirror along a line that passes through the focus, makes a large angle with the optic
axis and is not described well by the paraxial approximation. Therefore, principal ray 2 is not included in the sketch.

-
i
e
iz
-~

annswnnnmnnuvmnmnum;ﬁ\

—
E]
]
q
]

Figure 24.13

Reflect: A concave mirror forms a virtual image whenever s < f.

n, — n,

n
24.24. Set Up: The image formed by refraction at the surface of the eye is located by — + n—f’ ==
s s

1
n, = 1.00, n, = 1.35. R > 0. For a distant object, s = © and — = 0.
h)

4.35 1:35 ==1.00
= 2 and R = 0.648 cm = 6.48 mm.

Solve: (a)s = wands’ = 2.5 cm:

25cm R
1.00 135 - 1.35=1.00 1.
(b)) R=0648cmand s =25cm: — — + — = ————, g = 0.500 and s’ = 2. 70 cm = 27.0 mm.
25 cm s 0.648 5

The image is formed behind the retina.

1.35 135 - 1.00

() Calculate 5" for s = o and R = 0.50 cm: —— .s" =193 cm = 19.3 mm. The image is formed
S 0.50 cm

in front of the retina.



r '

1 1 1
24.29. SetUp: m = 2=l Sinthe image is erect, y’ > Qand m > 0. % + = ?
y s

¥y 1.30 cm 5 . , 1 1 b
H == —= = —_——= i = —3, —t — =
Solve: m gy m— +3.25.m P +3.25 gives s 3.25s s o f gives
: + ; d 4.85
= = = 4.85 cm.
s =325 7.00cm "
s’ = —(3.25)(4.85cm) = —15.8 cm. The object is 4.85 cm to the left of the lens. The image is 15.8 cm to the left

of the lens and is virtual.
Reflect: The image is virtual because the object distance is less than the focal length.

1
24.37. Set Up =={(n- 1)(* = F] 1 is the surface closest to the object. R is positive if the center of
Ry 2
curvature is on the side of the lens opposite the object. For a flat surface, R — oo,
1 1
—_ = 4 ; .
Solve: (a)Ll (05)(11.5 o _10_5cm) and f 11.0cm
L'lﬁ(OS) . : and f = +11.0cm
Zof “\105em —11.5cm s

1 1 1
(b)LJ.? = (0.5)(;— m) and f= +17.0 cm.

L'J-—(OS)( I and f= +17.0
25 V7 850em w - e
@i =Tk L )andf=+133
- = - nd f = 3
et 980cm  1l5em) 4/ o
1 1 1
Ly:—= (05 - df=—1 ]
2 I (0 )(~9.80cm —11.5cm) and f 33 em
1 1 1
(d)Lllf = (05)(m —;) and f = —18.4 cm,
1 1
L5 }; (0. 5)( oy cm) and f = —18.4 cm.
1 1
Loy 0.5 = and f= —11.0 cm.
(&) L f = ( )( 10.4 cm 11.6cm) f i
1 1 1
== {05 df=—11 ’
Lig=( )( —11.6 cm IO.4cm)an g T
24.39. S L_ L ; - 111
.39, Set Up: — = (n —1)|=—-= . If R is the radius of the lens, then R, =Rand Ry =—-R —+—=—,
f R[ R, sl f
Y s’
m=—=—=
¥y s
1 2(n—1)
Sol =(n=1)|5 =)= (n~ ——
olve: (a) = (n 1)( R) (n 1)( RJ R ;
R=2(n-1)f=2(044)(8.0mm) = 7.0 mm.
be ol 1 S sf (30.0cm)(0.80cm)
b —_——— - — = . I — _ = (). — 5 3 1 3
( )S, 77 " st = = 300 om — 080 om 0.82 cm = 8.2 mm. The image is 8.2 mm from the
s 0.82 cm
lens, the sid ite the object. =——=—-——= -, Ly = = (—0. =
ens, on the side opposite the object. m B T 0.0273. y' = my = (—0.0273) (16 cm)

0.44 cm = 4.4 mm.

s' > 0so the image is real. m < 0 so the image is inverted.

Reflect: The lens is converging and has a very short focal length. As long as the object is farther than 7.0 mm from
the eye, the lens forms a real image.



1 . sf ¥’ e
—gives s’ =

f & SF ¥y s

1
24.49. Set Up: f= +140cm.— + LI
5

Solve; s = 18.0cm
sf  (18.0cm)(14.0cm)

(a)s' = s—F 18.0 om — 14.0 om = 63.0 cm. The image is 63.0 cm to the right of the lens.
&t 63.0 cm

1 e = _3,

Lok 5 18.0 cm %30

() s" > 0 so the image is real.
(d) m < 0 so the image is inverted. The principal-ray diagram is sketched in Figure 24.49a.

Image
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i e
F, Object 1;2\
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()
Figure 24.49

s =7.00cm
sf  (7.00cm)(14.0 cm)

"= = —14.0cm. The i is 14.0 cm to the left of the lens.
(e)s f—F  7.0050 — 14000 cm. The image i cm to the le
s —14.0cm
=—-——=—-————=+200
e s 7.00 cm

(g) s" < 0 so the image is virtual.
(h) m > 0 so the image is erect. The principal-ray diagram is sketched in Figure 24.49b.
Reflect: For a converging lens, when s > f the image is real and when s < f the image is virtual.



150 el g
t—+—=—andm=—— f=—100cm.
24.50. Set Up . and m - ik
Solve: s = 18.0cm
(a)s' = 0 = (180 om )L 100 o) = —6.43 cm. The image is 6.43 cm to the left of the lens.
s—f 180cm — (—10.0cm)

s’ —6.43 cm
I s .1 B
(b)m = = 18.0 om

(e) s" < 0 so the image is virtual.
(d) m > 0 so the image is erect. The principal ray diagram is sketched in Figure 24.50a.

-
3 2E
2 =
Object F,  Image £
(a)
1
£ =
-~ = 3
F,  Object Image Fy
2
(b)
Figure 24.50

s =7.00cm
sf (7.00em)(—10.0 cm) ] )
(a)s' = = = —4.12 cm. The image is 4.12 cm to the left of the lens.
s—f 7.00cm — (—10.0cm)
s —4.12 cm
== =105
W)z 7.00 cm 88

(¢) 5" < 0 so the image is virtual.
(d) m > 0 so the image is erect. The principal ray diagram is sketched in Figure 24.50b.

1 1 1

24.51. Set Up: =] + i J_“ The sign of f determines whether the lens is converging or diverging. s = 16.0 cm.
s’ = +36.0 cm.

ss’  (16.0cm)(36.0 cm)

s+ s’ 16.0 cm + 36.0 cm

_ 8§ 360cm ;
(b) m= T T Tebag = 25 [y'[ = |mly = (2.25)(8.00mm) = 180 mm. m < 0 so the image is

= 11.1 em. /> 0 and the lens is converging.

Solve: (a) [ =

inverted.



25.20. Set Up: For an object 25.0 cm from the eye, the corrective lens forms a virtual image at the near point of
the eye. )
Solve: (a) The person is farsighted.
(b) A converging lens is needed.
i 25.0cm)(—45.0cm
1 = L LA ( )( ) = +56.2 cm. The power is

1
P e S O S ——Y - 0.562 m

= +1.78 diopters.

25.21. Set Up: For an object 25.0 cm from the eye, the corrective lens forms a virtual image at the near point of the

eye. The distances from the corrective lens are s = 23.0cmand s* = —43.0 cm.
Sol 1 & 1 1 5! (23.0cm)(—43.0cm) e T ) .05
. - —_ =, = — — X , = _— L t .
e T T vy T Bom- 8o cm. Hhe POWET 1S § 494 m w s

Reflect: In Problem 25.20 the contact lenses have power 1.78 diopters. The power of the lenses is different for ordi-
nary glasses versus contact lenses.

26.MC 4

Answer is C. Submersion in water reduces the wavelength of light

(wavelength = wavelength_in_vacuum/index_of_refraction). The distances of the dark
bands from the center spot are proportional to wavelength/slit_separation. Reducing
the wavelength (through submersion) reduces this ratio, which causes the dark bands to
move toward the center spot.

26.MC8
Answer is A. Dark fringe separation ~ wavelength/slit_width. So increasing slit_width
decreases distance between first two dark fringes.

26.3. Set Up: The nature of the interference depends on the path difference.

Solve: (a) The person is a distance ry = D + d from A and a distance rz = d from B. The path difference is
ry — rg = D + d — d = D. The interference is determined by D and is independent of d.

(b) No, the loudness won’t change. As he walks, the path difference remains constant.

Ry A_c_3,00><108m/s
S S AT T 2% 107 |
¥, << R. Dark fringes are at dsin@ = (m + 3)A and y = Rtan6. For the third bright fringe (not counting the central

bright spot), m = 3. For the third dark fringe, m = 2.

A
= 4,75 X 107" m. Bright fringes are located at y, = Rm?, when

mAR  3(4.75 X 1077 m) (0.850 m)
= 0.0311m

475 % 10" m
3.89 X 107 m

=3.80 X 107° m = 0.0389 mm

Solve: (a)d =
; A

(b) sing = (2 + Z)E = {J5)

2.60 cm.

Reflect: The third dark fringe is closer to the center of the screen than the third bright fringe on one side of the cen-

tral bright fringe.

= 0.0305 and 0 = 1.75°. y = Rtanf = (85.0cm)tan1.75° =




26.24. Set Up: Both reflections occur for waves in the plastic substrate reflecting from the reflective coating, so
they both have the same phase shift upon reflection and the condition for destructive interference (cancellation) is

%
2t = (m + 1)A, where ¢ is the depth of the pit. A = ;“ The minimum pit depth is for m = 0.

A Ao 790
SoIve:Zt:—_;:iz_C’: S
277 4 4n 4(18)

= 110nom = 0.11 pum.

A
26.25. Set Up: The condition for a dark fringe is sinf = mT’ A I

632.8 X 10° m

0.00375 X 1073 m
= *304°m=*4:0 = £424°. m = £5:0 = £57.5°.

Solve: sinf = m( =m(0.1687). m=x1: = £971°. m= *2: § = *19.7°. m = =3

A
Reflect: There are a finite number of dark fringes because m? = sin@ can’t be larger than 1.00. This establishes a
maximum value for m.

; ; A
26.35. Set Up: The bright fringes are located at angles 8 given by sing = m7 The separation d between adjacent
1.00 X 1073 m
lits i tingisd = —————— =250 X 10" m.
slits in the grating is 2000 50 X 107° m
600.0 X 10°m

Solve: sing = m( = ) = m(0.240). First-order (m = 1): 8 = 13.9°, Second-order (m = 2): 8 =
250 X 107°m

28.7°. Third-order (m = 3): 6 = 46.1°.

26.43. Set Up: The maxima are at angles 6 given by 2dsin@ = mA, where d is the spacing between adjacent planes

in the crystal.
24 0.0850 nm

= — = (0.232 nm
2siné sin21.5°

Solve: m = 2.d =



