. E
21.49 Trom Intensity =———= and

21.50

21.51

21.52

B E_..

‘ . ¢B2
=¢,we tind Intensity =—=
2 1, B o 2 1,

Thus,

(1340 W/m?) =|3.35x10" T

2(47x107 T-m/A
B = \/z—p‘:’(fﬂteﬁsity)= ( 710 B / )
c YV 3.00x10° mys

and  E,, =B, ,c=(335x107 T)(3.00x10° m/s)=|1.01x10° V/m

C _3.00}(108 m/s B

=—_= 11.0 m
f  27.33x10° Hz

(a) For the AM band,

C _3.00}(108 m/s_

. = = =|188
Ao = = T600x10° Hz =
3.00x10°
i = ¢ _ 00 x 03 m/5= 556 m
fom  240x10° Hz
(b) For the FM band,
8
i, = ¢ =3.UU::<106 my/s _m7sm
foax  108x10° Hz

:
i = c _ 3.00}{106 m/s B
f..  88x10" Hz

The transit time for the radio wave is

3
g2 100X10T M g ag 904 6= 0,333 ms

¢ 3.00x10° m/s

and that for the sound wave is

t, = 4, __0m =8.7x10™ s=8.7 ms
v 343 m/s

sound

Thus, | the radio listeners hear the news 8.4 ms before the studio audience

radio waves travel so much faster than sound waves.

because




21.63 (a) gm =, S0

max

p _Ena _ 020x10™° V/m

= =6.7x107"° T
=TT 3.00x10° mys 6.7x10

(b) Iﬁfﬁisffy — E s Binas

24,

_(020x10° V/r:)(ﬁ.?xlﬂ'l& T) 53107 Wi
2(4xx107 T-m/A)

B
4

() P, =(Intensity)- A =(Intensity)

_E(ZU.U m)2 )
4

1.7x107* W

= (5.3 x107 W/ m? )

22.4 (a) The time for the light to travel to the stationary mirror and back is

24 2(35.0){103 m)

= - =2.33x107" s
c 3.00x10° m/s

At

At the lowest angular speed, the octagonal mirror will have rotated 1/8 rev in this
time, so

A@  1/8 rev
AF 2.33x107% s

@pin = =| 536 rev/s

(b) At the next higher angular speed, the mirror will have rotated 2/8 rev in the
elapsed time, or

@ =20__ =2(536 revfs) =|1.07x10° rev/s
A, 436 nm
2212 (a . = = =| 327 nm
@) A n,. 1333
A, 436nm
(b) lgiass - - 152 = 287 nm

CPOLEH
ilass



22,16 The angle of incidence is

2.00m
= tan ™
6 = tan [4.

:| =26.6° water
00 m

Theretore, Snell’s law gives

H, sin @, )

62 — Siﬂ_l

,

(1.333)sin26.6°
1.00

|
= sin

=36.6°

and the angle the retracted ray makes with the surtace is

¢ =90.0°—8, =90.0°—36.6°=| 53.4°

2218 At the first surface, the angle of incidence is @ =|30.0° [, and Snell’s law gives

i, sing,

(1.00)sin 30.0°
1.50

19.5°

=1
= sin

92 — Siﬂ-l

H ilass

Since the second surtace is parallel to the first, the angle ot incidence at the second
surface is @ = 19.5° and the angle of refraction is

M., SING,. (1.50)sin19.5°

v =] lass A58 s =1
@, =sin™" | = £ |=sin

1, 1.00

@ir

30.0°

Thus, the light emerges traveling parallel to the incident beam.

22,20 The distance h the light travels in the glass is

_2.00 ¢m

h=
cos 19.5°

=212 cm

The speed of light in the glass is

¢ 3.00x10° m/s
- 150

=2.00x10° m/fs

=

f Klass

h 212x107° m B
v 2.00x10° m/s

1.06x10™" s

Theretfore, =




22,13

22,22

22.30

From Snell’s law,

n,sing | o (1.00)sin40.0°”
t, 1.309

=29.4°

@, =sin™

and from the law of retlection, ¢ =@, =40.0°

Hence, the angle between the retlected and refracted rays is

a=180°—6, —¢=180°—29.4°—40.0°=[111°

air
n=1.00

ae
Y_¥_.__..
!
S
o
=
‘.

The angle of incidence at the water A ‘.
surface is 7
T 2
AL
2 90.0 m o LI
@ =tan 1(1001’11 )=42.U _l“ i
E-t 210 m
Then, Snell’s law gives the angle of
refraction as water
n=1.333

H
| water
@, =sin {

siné@, J il [ (1.333)sin 42.0
fl

=63.1°
s

air

210m _ 210m 07 m

s0 the height of the building is k= = =
tand, tan63.1°

The angles of retraction tor the two wavelengths are

_sin@, 1.00 0)sin 30.00°
0,ed =Siﬂ'{ﬂ”” siné, J=sin'1 {( Jsin ]=18.D4°

r i, 1.615

8] | 1. in 30.00°
and @, =sin” 1. siné, _ i ( 00 D) sin 30.00
1.650

] =17.64°

H blue

Thus, the angle between the two refracted rays is

AG=6, -8, =18.04°—17.64°=[0.40°

=
o
©100m

Submarine



22,38

22.40

23.3

The critical angle for this material in air is

6, =sin™ [ Poir ] =sin™ (%) =47.3°
f .

pipe

Thus, € =90.0°-8 =42.7° and from Snell’s law,

n,..sing 1.36)sin42.7°
@ =sin™ { o ) =sin™ {( 6)sin ) =|67.2°

E e 1.00

air

The circular ratt must cover the area of the surtace
through which light from the diamond could emerge.
Thus, it must form the base of a cone (with apex at the
diamond) whose half angle is 8 where #is greater than
or equal to the critical angle.

The critical angle at the water-air boundary is

0. =sin™ [ Pair J =sin™ [ﬂ) = 48.6°

H 1.333

water

Thus, the minimum diameter of the raft is

2r,, =2htan@,_ =2htané, =2(2.UU m) tan 48.6°=|4.54 m

(1) The first image in the left-hand mirror is 5.00 ft behind the mirror,
or [10.0 tt from the person

(2) The tirst image in the right-hand mirror serves as an object for the left-hand mirror.
It is located 10.0 ft behind the right-hand mirror, which is 25.0 ft from the left-hand
mirror. Thus, the second image in the left-hand mirror is 25.0 ft behind the mirror,

or | 30.0 tt from the person

(3) The first image in the left-hand mirror serves as an object for the right-hand mirror.
It is located 20.0 ft in front of the right-hand mirror and forms an image 20.0 ft
behind that mirror. This image then serves as an object for the left-hand mirror. The
distance from this object to the left-hand mirror is 35.0 ft. Thus, the third image in
the left-hand mirror is 35.0 £t behind the mirror,

or | 40.0 ft from the person




23.7

23.10

The radius of curvature ot a concave mirror is positive, so R=+20.0 ¢cm . The mirror
equation then gives

1 21 1 1 p-100cm or _(10.0cm)p
7 R p 100cm p (100cm)p 1 p—10.0cm
() Tf p=40.0cm, g=+133 cm and M=—1=_125 M _ G733
p  40.0cm

The image 1s | 13.3 ¢m in front of the mirror, real, and inverted

20.0cm
20.0 cm

—1.00

(b) When p=20.0cm, g=+20.0 ¢cm and M:—i=—
P

The image 1s | 20.0 ¢m in front of the mirror, real, and inverted

(10.0 cm)(lD.U cm)
» OO
10.0 cm —=10.0 cm

(c) It p=10.0cm, g=

and | no image is formed. Parallel rays leave the mirror

The image was initially upright but became inverted when Dina was more than 30 ¢m

from the mirror. From this information, we know that the mirror must be | concave

because a convex mirror will form only upright, virtual images of real objects.

When the object is located at the tocal point of a concave mirror, the rays leaving the
mirror are parallel, and no image is formed. Since Dina observed that her image
disappeared when she was about 30 ¢cm from the mirror, we know that the focal length

mustbe | f =30 ¢m |. Also, for spherical mirrors, R=2f . Thus, the radius of curvature

of this concave mirror mustbe | R =60 ¢cm |.




23,11 The magnified, virtual images formed by a concave mirror are upright, so M >0.

W 5.00 cm

— =+250, pivi
K 200cm oYY BVINg

Thus, M=-1 =
p

g=-2.50p=-2.50(+3.00 cm)=-7.50 cm

The mirror equation then gives,

1_2_1+1_ T 1 250-1
f R p g 30cm 750cm 750cm

_ 7.50 ¢m
1.50

= 5.00 cm

or f

23.13 The image is upright, so M >0, and we have

M=-2-420,0r g=—2.0p=—2.0(25 cm)=-50 cm
P

The radius of curvature is then found to be

2 1 1 1 1 2-1
__I__

= = — = 1.0m
R p g 25c¢m 50cem 50 cm

0.50m |
+1

, Or R=2{



