5. THINK The frequency of oscillation of the current in the LC circuit of the generator 1s

f=1/2n« LC , where C is the capacitance and L is the inductance. This frequency is the
same as the frequency of an electromagnetic wave.

EXPRESS If fis the frequency and A is the wavelength of an electromagnetic wave, then
fi. = c. Thus,

A
— = .
27 LC
ANALYZE The solution for L 1s
]
3.2 550%107° mh2

L

== ~=500x10""H.
4n°Cc™ 4?17 x 1072 Fre2.998 x 10° m/ sh

This is exceedingly small.
LEARN The frequency is

- 8 ,
pog 30x10 £”5=5.45><10” Hz.
A 550x107 m

The EM wave is in the visible spectrum.




6. The emitted wavelength 1s

2 =? —27c1C =27(2.998x10°m/s ) [(0.253x10°H)(25.0x10™°F) =4.74 m.

8. The intensity of the signal at Proxima Centauri 1s

P 10x10°W
= _ - __48x10° W/ m?.

AT 4n 4 3lyg9.46x 10° m/ Iy




11. (a) The amplitude of the magnetic field is

B —fm__ 20V e 10°T~6.7x107T.

™ & 2.998x10°m/s

(b) Since the E-wave oscillates in the = direction and travels in the x direction. we have B,
= B. = 0. So, the oscillation of the magnetic field is parallel to the y axis.

(¢) The direction (+x) of the electromagnetic wave propagation is determined by ExB . If
the electric field points in +z, then the magnetic field must point in the —y direction.

With ST units understood, we may write

' ' 2.0cos|10°7(t—x/c
B =B, cos ﬂxm”{z—i] - [ (B )]
’ e 3.0x10

=(6.7x107 ) cos {10%(; _Eﬂ




13. (a) We use I = E. /2c to calculate E,,;:

E, = 2/15], = 2047 x 107 T-m/ Afr140 x 10° W/ m’hc2.998 x 10° m/ s
=1.03x10°V/m

(b) The magnetic field amplitude is therefore

E, 103x10°V/m

. = ——— =343x10"T.
c 2998x10°m/s




17. (a) The magnetic field amplitude of the wave is

2 -",."ll
B =tmo 2OV g 0T,
c 2998x10°m/s

(b) The intensity is

° 120V /mg )
[=Ln _ : J = 53x10°W/m’.
2pge 204 x107 T-m/ A2.998 x 10" m/ sh

(c) The power of the source is

P=4m7I =4n(10m) (5.3x10° W/m’)=6.7 W.



19. THINK The plasma completely reflects all the energy incident on it, so the radiation
pressure is given by p, = 2//e, where 1 is the intensity.

EXPRESS The intensity is I = P/4, where P 1is the power and A4 is the area intercepted by

the radiation.
ANALYZE Thus, the radiation pressure is

5 2(1.5x10°W
21 2P _ ( ) =1.0x10"Pa.

Pr = ¢  Ac (1.{)(’_}~><1'{T‘51112 ) (2.998:410811135)

LEARN In the case of total absorption. the radiation pressure would be p =7/c. a

factor of 2 smaller than the case of total reflection.

20. (a) The radiation pressure produces a force equal to

T {14%10311-?!1112 ] (6.37 X 10“"‘1]1_)2

_ 23 _ i 2 _ 8
F=p(wR)= ' (nR,)= 2.998x10° m/s =000

(b) The gravitational pull of the Sun on the Earth is

GM M. (6.67x107"N-m’/kg’)(2.0x10"kg) (5.98x10"kg)
L (~1.1’5><113~“1]1)E

a5

~3.6x10"N.



22. The radiation pressure is

I 10W/m’

p, ==

= - =33x107 Pa.
c 2998x10°m/s




26. The mass of the cylinder is m= p(x D"/ 4)H, where D is the diameter of the cylinder.
Since it 1s in equilibrium

F_ —mg—F = nHD gp | 1D [ 27 J:U-
4 .\ 4 J\le
We solve for H:
2I [ 2P 1
H = = = |
gcp \mD* /4 ) gcp
2(4.60W)

[7(2.60x107° m)* / 4](9.8m/s%)(3.0x10° m/s)(1.20x10°kg/m*)
=491x107 m.



29. THINK The laser beam carries both energy and momentum. The total momentum of
the spaceship and light is conserved.

EXPRESS If the beam carries energy U away from the spaceship. then it also carries
momentum p = U/c away. By momentum conservation, this is the magnitude of the
momentum acquired by the spaceship. If P is the power of the laser. then the energy
carried away in time ¢ is U = Pt

ANALYZE We note that there are 86400 seconds in a day. Thus, p = Pt/c and, if m 1s
mass of the spaceship, its speed is

3
oo P _ Pt (10x 10" W)(86400 s) _19%10° m/s

m mc (15x10° kg)(2.998 x10° m/s)

LEARN As expected. the speed of the spaceship is proportional to the power of the laser
beam.



32. After passing through the first polarizer the initial intensity [, reduces by a factor of
1/2. After passing through the second one it is further reduced by a factor of cos” (7 —
6, — 6) =cos” (6, + 6&). Finally. after passing through the third one it is again reduced by
a factor of cos” (7— 6 — 6) = cos” (6 + ). Therefore,

I l ., 7 ]. 7 .
I—f:; cos (6, +6,)cos (6, +6,) = cos (50°+50%cos (50°+50%)

u E ]
=4.5x107".
Thus. 0.045% of the light’s initial intensity is transmitted.
34. In this case. we replace I, cos” 70° by 31, as the intensity of the light after passing

through the first polarizer. Therefore,

]. p) 1 r
I, = > I, cos’(90°-70°) = 5(43 W/ m’)(cos’20°) =19 W/nr'.



36. (a) The fraction of light that is transmitted by the glasses is

2 2 2
I, E; E E’

I 3 Y T 2 - 2:[}']
I, E; E +E, E +(23E)

¥

(b) Since now the horizontal component of E will pass through the glasses,

I, E; (23E))’

I, EX+E’ E’+(23E)



37. THINK A polarizing sheet can change the direction of polarization of the mncident
beam since it allows only the component that 15 parallel to its polarization direction to
pass.

EXPRESS The 90° rotation of the polanzation direction cannot be done with a single
sheet. If a sheet 1s placed with 1ts polanzing direction at an angle of 90° to the direction
of polanization of the incident radiation. no radiation 1s transmtted.

ANATLYZE (a) The 90° rotation of the polarization direction can be done with two sheets
We place the first sheet with 1ts polarizing direction at some angle & between 0 and 90°,
to the direction of polanization of the incident radiation. Place the second sheet with 1ts
polarizing direction at 90° to the polarization direction of the incident radiation. The
transnutted radiation 1s then polarized at 90° to the incident polanzation direction. The
mtensity 1s

I'=1I,cos’ Bcos*(90°—8) =, cos” Bsin” &.

where I, is the incident radiation. If £1s not 0 or 907, the transmutted mntensity 1s not zero

(b) Consider n sheets. with the polanzing direction of the first sheet making an angle of &
= 90°/n relative to the direction of polanization of the incident radiation. The polanzing
direction of each successive sheet 15 rotated 90%n in the same sense from the polarizing
direction of the previous sheet. The transmitted radiation 1s polarized. with its direction of
polarization making an angle of 90° with the direction of polarization of the incident
radiation. The mtensity 1s

I=1,cos™"(90°/n).

We want the smallest integer value of n for which this 1s greater than 0.605;. We start
with 7 = 2 and calculate cos™(90°/#) . If the result is greater than 0.60. we have obtained
the solution. If 1t 15 less. increase » by 1 and try again. We repeat this process, increasing
71 by 1 each time, until we have a value for which cos™ (90°/#) 1s greater than 0.60. The
firstone willbe n=>5.

LEARN The intensities associated with n =1 to 5 are:

I =I,cos’(90%) =0

I_,=1I,cos*(45%)=1,/4=025],

I_, =1,c0s%(307)=0422],

I_, =1I,c0s%(22.5%) =0.5311, -

I_, =1, cos"(18%) =0.6051,



39. (a) Since the incident light is unpolarized, half the intensity is transmitted and half is
absorbed. Thus the transmitted intensity is 7 = 5.0 mW/m’. The intensity and the electric

field amplitude are related by 7= E> /2u,c. s0

E, =\ 2u.cl = \/2(4:1: x107" H/m)(3.00x10° m/s)(5.0x10~ W/m?)
=19 V/m

(b) The radiation pressure is p, = I,/c, where I, is the absorbed intensity. Thus

_50x107 W/m’

p, = - =17x107" Pa.
3.00x10° m/s




41. As the polarized beam of intensity J; passes the first polarizer. its intensity is reduced
to I,cos’ 8. After passing through the second polarizer, which makes a 90° angle with
the first filter, the intensity is

I=(I,cos’0)sin’ 8=1,/10

which implies sin® 8 cos® 8= 1/10. or sinfcos@= sin2 /2 =1/+/10 . This leads to 8= 70°
or 20°.



45. Note that the normal to the refracting surface is vertical in the diagram. The angle of
refraction is 6, = 90° and the angle of incidence is given by tan & = L/D, where D is the
height of the tank and L 1s its width. Thus

6, = tan™| L = an| 110 | 55390
\ D | 0.850 m )
The law of refraction yields
o, ino0° |
n, =n, 5%11 ==(100) LH =126,
sin &, sin52.31°

where the index of refraction of air was taken to be unity.



47. The law of refraction states
1, sin6, =n, sind,.

We take medium 1 to be the vacuum, with 7y = 1 and & = 32.0°. Medium 2 is the glass,
with & = 21.0°. We solve for n»:

siné; IUO)ESHBZ.DDM

=N = _
sin21.0°

17 = 148.
sin &,

H,



55. THINK Light is refracted at the air—water interface. To calculate the length of the
shadow of the pole. we first calculate the angle of refraction using the Snell’s law.

EXPRESS Consider a ray that grazes the top of the pole, as shown in the diagram below.

|

i

I

I )
air | !
water : A

.‘1'|'|';L:.,|n'mlI ¥

Here 6, = 90° — 8 = 90° —55° = 35°, £, =050 m and ¢, =150 m. The length of the
shadow isd=x + L.

ANALYZE The distance x is given by

x={ tanf, = (050 m)tan35°=035m

According to the law of refraction, ny sin 6 = ny sin 6. We take ny = 1 and ny = 1.33

(from Table 33-1). Then, |
511151H _ si11_1ﬁ sin35.0 }H _ 95550
133

&)

e -
Ez—sm

L 1s given by
L=¢,tan 8, = (150 m)tan25.55°=0.72 m.

Thus. the length of the shadow 1sd=0.35m +0.72m=1.07 m.

LEARN If the pole were empty with no water, then & =&, and the length of the shadow

would be
d'=0tan& +{,tan8 = ({,+(,)tan G

by simple geometric consideration.



59. THINK Total internal reflection happens when the angle of incidence exceeds a
critical angle such that Snell’s law gives sin&, =1.

EXPRESS When light reaches the interfaces befween two materials with indices of
refraction my and m;, if s1p = my, and the incident angle exceeds a critical value given by

()
& =sin™ =2 |,

n

then total internal reflection will occur.

In our case, the incident light ray is perpendicular to the face gb. Thus, no refraction
occurs at the surface ab, so the angle of incidence at surface ac is & = 907 — §, as shown
m the figure below.

o

b

ANALYZE (a) For total internal reflection at the second surface, », sin (90 — ) must be
greater than n,. Here n; is the index of refraction for the glass and », is the index of
refraction for air. Since sin (907 — ) = cos ¢. we want the largest value of ¢ for which n,
cos ¢ = ny. Recall that cos ¢ decreases as ¢ increases from zero. When ¢ has the largest
value for which total internal reflection occurs. then n, cos ¢=n,. or

i =cos™ H:—:# =cos™’ ﬁé’] =480°

The index of refraction for air is taken to be vnity.

{b) We now replace the air with water. If n,, = 1.33 is the mdex of refraction for water,
then the largest value of ¢ for which total internal reflection occurs is

¢ =cos™ E:—*# =cos™ ﬁg’] =200°.

£

LEARN Total internal reflection cammot occur if the incident light is mn the medivm with
lower index of refraction. With & =sin™(n, /n). we see that the larger the ratio n, /n,.
the larger the value of &.



62. (a) Reference to Fig. 33-24 may help in the visualization of why there appears to be a
“circle of light” (consider revolving that picture about a vertical axis). The depth and the
radius of that circle (which i1s from point @ to point f in that figure) i1s related to the
tangent of the angle of incidence. The diameter of the circle in question is given by d =

2h tan ¢.. For water n = 1.33, so Eq. 33-47 gives sin 6. = 1/1.33, or 6. =48.75°. Thus,
d=2Nhtan 6 =2(2.00 m)(tan48.75) =4.56 m.

(b) The diameter d of the circle will increase if the fish descends (increasing /).



68. (a) We use Eq. 33-49: @, =tan ', = tan_'(1.33) = 53.1°.

(b) Yes. since n,, depends on the wavelength of the light.



