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We use the extended form of Ampere’s law,
Equation 24.7, Since no moving charges are present,

E out of
the paper

=0 E-0 hCl‘Cm@m

A0

B.

and we have c} Al = poeg—— 1t
In order to evaluate the integral, we make use of the
symmetry of the situation. Symmetry requires that
no particular direction from the center can be any
different from any other direction. Therefore, the
must be circular symmetry about the central axis. We
know the magnetic field lines are circles about the
axis, Therefore, as we travel around such a magnetic
field circle, the magnetic field remains constant in
magnitude. Setting aside wuntil later the
determination of the direction of B, we integrate

§B +df around the circle
at R=015m
to obtain 2z RB

Differentiating the expression =~ ®p = AE

dby (zd® \dE
h E_
we have it ( ]dt
Thus, §B df =27 RB = pyeg| —— Edz
dt
d° |dE
Solving for B gi =Hofo| 7
olving for B gives ZER[ ]dt

(47 %107 H/m)(8.85x10™ F/m)z(0.10 m)’ |20 V/m.s)

Substituting numerical values, B= 27(0.15 m)(4)

B=| 1.85x107 8 T

In Figure 24.1, the direction of the increase of the electric field is out the plane o
of the paper. By the right-hand rule, this implies that the direction of B is \l%ﬂ |
counterclockwise. Thus, the direction of B at P is upwards. 7



*24.3

24,5

(@)

(b)

(0

(d)

(e)

(a)

(b)

(c)

Since the light from this star travels at

the last bit of light will hit the Earth in

Therefore, it will disappear from the sky in the year

The star is 680 light-years away.
11
apo e 196310 m o oo
v 3x10° m/s
2(3.84x10° m
G ) By
v 3x10° m/s
27(6.37 x10° m
At=§= ( 5 )= 0133 s
v 3x10° m/s
3
At=ﬂ=m= 333x1075 s
v 3x10° m/s
fi=c¢
or £(50.0 m)=3.00 x 10° m/s
50 f=6.00x10° Hz = 6.00 MHz
L
5=
22,0 3
or =3.00x10
BITIAX
80 Bohax =| —73.3knT
27 126 m!
A 500
and

3.00%10% m/s

6.44 x10'% m
3.00x10° m/s

2002+ 680 =

@ =2xf =27(6.00x10° s™') = 8.77 x 10 rad/s

=215x10'" 5 =680 years

2.68x10° C.E.

B =B, coslkx - wt) =

-73.3cos(o.126x 377 x10’ t)k nT




247  (a) B=£—M=3.33x10‘7T= 0.333 uT

¢ 3.00x108 m/s

2 2z
A, -—Y———m 0.628
© A= =100 m Hm
¢ 3.00x108 m/s 14
== "= 477 x10"" Hz
@ =3 628%107 m
2
24,16 S=I=£=£=uc ﬂ=u=£=w= 3.33 1) /m°
AtV Unit Volume ¢ 3.00x10° m/s
24,19 Power output = (power input)(efficiency)
6
Thus, Power input = Powerout _100x10° W _ 3.33x10° W

eff 0.300

6
and A=2_ _3BXICW __ 543103 m?

T 1.00x10° W/m?2

2

*24.22 Power=SA= Einax (47: rz)
VAT
Solving for r, r= Plige 5 =\; (100 W) o 5= 516 m
2Epa’ | 27(15.0 V/m)
2
2448 (a) P=SA: P = (1340 W/ mz)[47£(1.496 x10" m) ]: 3.77 x10% W
-7 2 2
B 2 25 |A4m %107 N/A?)(1340 W/m?)
g = Ymax = = = 3.35 4T
®) 2 % Binax ¢ \j 3.00x10% m/s -
2
= Ezm;c $0 Epax = /21065 = \fz(m x107(3.00x10%)(1340) = 1.01kV/m




2424 (@) P=(5,)A=(600 W/m*)(40.0x10™ m*)=240x107J/s

In one second, the total energy U impinging on the mirror is 2.40 x 102 J. The momentum p
transferred each second for total reflection is

240x 1072
:E:Z(—SJ): 1.60)(10_10 kgm/s
¢ 3.00x<10° m/s

-0 1.
) F-ip L1010 kgm/s [ g 010N
dt 1s
8
24,32 fZEZM: 5.45x10'* Hz
A 550x107 m
2433 (a) fi=c gives (500x10" Hz)i =300x10° m/s: A=6.00x107"2 m =6.00 pm
b fl=c gives (4.00x10° Hz)2 =3.00%10° m/s: A=0.075 m =750 cm
8
2434 (@) A= ‘- m =261m S0 180m _ 0.690 wavelengths
f 1150%10° s 261 m
¢ _300x10° m/s 180 m
=—=—"—T"———=306m S0 = 58.9 wavelen
®) f 981x10%s7! 3.06 m gths
24,40 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 Loy €082 0
The second sheet passes T €08 0
and the n™" sheet lets through T COS2" 620,901 0, where §=45°/n
: . , 25 45° 26 45°
Try different integers to find cos™ | - )= 0.885 cos | =)= 0.902

(@ So n=|E|

b o= 7.50°




24.51 Think of light going up and being absorbed by the bead, which presents face area 71,2,

If we take the bead to be perfectly absorbing, the light pressure is P=%"=%=%
(a) F£=Fg
Fee Fo¢ mge
80 [=—4=_8 "o
A A ap’
the definition of densi =R__n
From the definition of density, P=v=T_3
37t
4 1/3
50 1_|3%°
f m
2/3 2/3 1/3 1/3
- mge(4np 0(4’0) (m) 4pge( Im
Substituting fi , J=—2"| —= = 0 i = £a¥) Y7
e BTy b4 (Sm) #73 Fs 3 \4np
1/3
) P=I4 p| 20 pge( Im
3 drp
E 16
2452 (a) B, == 667x1077 T
c
_ Enac _ 17 2
(b) Sp= = 5311077 W/m
2pgC

() P=S,A= 167x107"W

(d F=PA= (Sﬂ)A =| 556x107 N [(= the weight of 3000 H atoms!)
¢

Mirror 2
259  (a) From geometry, 1.25m=dsin40.0° [
S0°

L -
ir= 507
40°\
40° iy =40°
o A
s\ |

<195 m] Mirror 1

S0 d=| 194 m

(b) | 50.0° above the horizontal

or parallel to the incident ray



25.11

25.1

25.2 (a)
(b)
(0)

25.8

The incident light reaches the left-hand mirror at distance

(1.00 m)tan5.00° = 0.0875 m

above its bottom edie. The reflected light first reaches the

right-hand mirror at height

2(0.0875 m)=0.175 m

Mirror Mirror

A

1.00m

It bounces between the mirrors with this distance between points of contact with either.

Singe L0m ;-

0.175m

the light reflects five times from the righthand mirror and six times from the left.

Using Snell's law, sin &, = :—1 sin &
2
6, =| 25.5°
M
Ap = — = 442 nm
fq

8
5= £300x10°m/s [y 71014 1y

T 6328x107 m

Asir  632.8 nm
Adogoe = — = 222 = 422 nm
BTy 1.50
Cair _ 3.00x10° m/s 8
== - =200x10 =| 200 Mm
Ugtass =~ 150 x10° m/s /s

sin91 =M, Si.l'l92

sind, = sin(90.0° - 28.0°) = 0.662

sinBl =

1
1.333 1.333

0, =sin"1(0.662) = 41.5°

d _ 3.00m

h= =
tan6, tandl5°

=/ 3.39m

35.0°

air ny=1

N«fater Ho=4/3

" water
#=1333

—som—



25.13 Atentry, 1 sin 6; =1, sin 6,

or 1.00 sin 30.0° =1.50 sin &,
0, =19.5°

The distance /1 the light travels in the medium is given by

2.00 cm
050, =
h
or _200an _ 212 cm
c0s19.5¢
The angle of deviation upon entry is a=6,-6,=30.0°-195°=105°
The offset distance comes from sino = %: d=(221 cm)sin10.5° =| 0.388 cm
25,15 Applying Snell’s law at the air-oil interface, \0(1
il
Ry, SING = 1,5 sin 20.0° N Linseed
20,00 oil
yields 0=304° Ay
I
I
Applying Snell’s law at the oil-water interface Wolor
1, 8in0’ = 1y 5in20.0° ks
I\IT'
yields 0'=223°
25.22 At the first refraction, 1.00 sin6; = n sin6,

The critical angle at the second surface is given by # sin8; = 1.00:

or 0 = sin-l(@) =41.8°
1.50

But, 6, = 60.0° - 0,

Thus, to avoid total internal reflection at the second surface (i.e., have 6; < 41.8°)

it is necessary that 6, >18.2°

Since sind; = # sin,, this becomes sin; >1.50 sin18.2° = 0.468

or 0, > 27.9°




25.25 nsin& = 1. From Table 25.1,

(a) 6= sin-l(L) = 24.4°
2419

1
0=sin"l| — | = 37.0°
(b) sin (1.66)

© 9=sin‘1( 1 ]: 19.8°

1.309
*25.32 For total internal reflection,
1.50 sin8; = 1.33(1.00) or
25,35 For water sind, = 1 3
’ ’ € 4/3 4
Thus 6, = sin"1(0.750) = 48.6°
and d =2[(1.00 m)tan6,

1 sin 8; = i, sin 90.0°

6, =| 62.4°

d=(2.00 m)tan48.6°= 227 m

, 2 2
*2542 (a) A _|B2=h =[1'52‘1'00] = 0.0426
51 o +ﬂ1 1.52+1.00

(b) If medium 1is glass and medium 2 is air,

Thete is| no difference

1.00-1.52

2
Si_|m-m
Sl s +1y

|

1.00+1.52

2
:| =0.0426



25.45 Define #; to be the index of refraction of the surrounding
medium and #, to be that for the prism material. We can
use the critical angle of 42.0° to find the ratio n, /;:

s 8in42.0° = 1, sin 90.0°

Hy _ 1

——=1.49
(] sin42.0°

So,

Call the angle of refraction 6, at the surface 1. The ray inside the prism forms a triangle with
surfaces 1 and 2, so the sum of the interior angles of this triangle must be 180°.

Thus, (90.0° - 0, )+ 60.0°+ (90.0° — 42.0°) = 180°
Therefore, 6, =18.0°
Applying Snell’s law at surface 1, M sind; =n,sin18.0°
sind; = (ﬂ—z)sinez =1.495in18.0° 6, =27.5°
"

¥25,52 As shown in the sketch, the angle of incidence at point A is:

t

o= sin-l(ﬂ) - sin‘l( 100 m) =300° ¢

R 2.00m ¢

- - R
If the emerging ray is to be parallel to the incident ray, ¢
the path must be symmetric about the centerline CB of
the cylinder. In the isosceles triangle ABC,
~___ 7

Y=o and p=180°-9
Therefore, o +f+y=180°
becomes 200 +180° - 6=180°

0

=—=15.0°
or a2 5.0

Then, applying Snell’s law at point A,
nsina =1.00 sin g

ne slmﬁ’ - 31.1130.0 — 193
sina sinl15,0°

or



