9.1 The wave is travelling in
the -7 direction, as
shown by the sign in
(z + ct). Hence that is
+he direction of E x B.
\_ direction B is perpendicular to E
of travel ond equal in magnitude :

B~= Z()’Z—?)sin(%'—‘—) (z + ct) gauss.

‘ 9.2
The power density in electromagnetic waves is
C times the energy density U. The power density
given , 10% joule m?sec”, is equivalent to
10% erg cm™ sec” . The energy density U is
10¢/3 x 10° erg cm™. Half of this is in magnetic
field, with density B[ /8w . Hence

|
—

Blne - 1, _10° = (4w x10%\* _

%"s = 2 X 3o ,or B . = W> = 0.02 gauss
BZ

In SI, the energy density in Im™ is —i—f-m—s- »
- M0

with B, In tesla. Hence :

3 -7 3
2 | 10 ) _[4mxI0 x 10
Brms = Z/U'o X 2 X (3" 10® or Brms - ( 3 X |0%

= 2 x10° tesla




9.31 The proton at the origin in Fig. 98 will experience

the maximum electric field of 5 statvolt/cm at t=o.

The field falls to half value in the time, | nanosecond,
it takes the wave totravel 30 c¢cm (I foat). The

time variation of the field E at the origin is:
- 5

EY T+ (107t)?

proton during the passage of the pulse will be

(=4

The momentum acqul'red by the

. (Tsat _ "
py =feEydt = e|T% 05: - € X 5 x |0°mw
-0 - 00

P, = 7.5 x 107 gm cm sec™  The protfon’s final speed
is p,/m or 47 x10° cm/sec. Tts displacement
during The few nanoseconds of acceleration is
hegligible. One microsecond later it will be close to
y= 4Tcm .

L 94] Before the pulse has completely passed,the profon
has acquired some velocity in the y direction, and will
therefore experience a force ey x B in the magnetic
field of the wave. This force will be in the direction
-% , which is the direction in which the wave is
travelling. And it would be in that direction for a
negative particle also. The wave tends to knock the
particle along. Ih order of magnitude, if T is the
duration of the pulse of amplitude E :

— _eET
pY—E_e'C vy = S

since B=E,

s Vv
=~ Y = e A
P, = e BT eLET |

Then Px/PY x vwfc The "knock -on" is a

second order effect.



951 E = C/E sin (kx twt) B = -Z E, sin (kx+wt)
v'E=0; VXE = ZKE, cos(kx+wt); 3& = § E,w cos (kx+wt)
v-B=0;,VxB = lkE cos (kx +wt) ; __% = -}_wE,,COS(kx+wt)

1 3B : =
VxE = -¢ 3¢ requires K= wfl
E .
vXB = %-gf' also requires K = w/c
For w = 10" sec™ A=2mc/w = 18 84 cm

2 2
Energy density = (E" + E° )Lz

t electric tmagn;hc\overage of sin® ( kx + wt)

field field
For E, = .05 statvolt/cm El/8m =049 x10"eg cm™

Power densﬁy = (E5/8m)c = 3.0 x10¢ erg cm? sec”™

aB ok
361 @ vxE = -—*g ®Vx§=/u°6°3€-
Let E = 2E, sin(y-vt); B=2%B,sin(y-vt)
vx E = 2 ‘357- -2Eocos(y-vt ; 35 = -2 v E, cos (y-vt)
8
vx B =—§, %2 = —zB  cos (y- vt),a; = 2 B, cos (y - vt)

substituting in @ we get E, = v B,
substituting in@ we get B, =€, u,v E,

B, ¢ tesia

/’_V=VFE R = Vi, e,

m sec™!

6,,/u°vz= |

volt m™
If the magnetic field amplitude |'s expressed as
H =B | then: E, = H,

-4 L
Mo volt m3 ,3 €o 377 ohms
amp m



w=2nf = 6.28 x 10® sec”!

k = w/c = .0209
= EZE‘, cos(.0209x + 6.28 x 10%t)
A

= -z Eo cos (.0209 X + 6.28 x lOgt)

8] g, = E, =0 ; E; = E, cos kx Cos ky cos wt
VXE = kE,(-X coskx sinky + 3 sin kx cos ky) cos wt

_g_%. = —wg E, cos kx cos ky sin wt
By = By cos kx sinky sinwt ; By= -sinkxcos kysinwt ; B;=0
vxB =72 g_ii - 9_3_31 = -2k Z B, coskx cos ky sinwt
%42_ - w.Bo(:\": cos Kx sin ky—f/: sin kx cos ky) cos wt
1 2B . = ke
- -2 2= ves : B,= o E
vx E c ot Ve Fem w e 2K = a?
E . w
VxE: ‘é"-aa—"_g- QIVCS:Bosza
w = vz- Ck B° = Eo/vz

$ Y:\j T
<

=

e—

- ==



99 ] The mean energy density in a sinusoidal

electromagnetic wave of amplitude E, is EZ[8n.
(See Prob. 4.5 soluhon) Erms = Eo/V2. If
Efms /4T = 4x107%erg, Erms = (47 x4 x 107 )z

= 2.2 x 107 statvolt/cm

=22 x10%x 3x 10" or 6.6 x lo'zvol+/me+er

A wave in which the energy density is 4 x Io *ergcm’
is transporting energy with power density 4xi07'?x 3 x10°
or 1.2 x 107 erg cmsec”, equivalent to 1.2 x 10~ watt/m?.
If the kilowatt radiated by the transmitter is spread
over a hemisphere of R meters radius, the power density
there | m watt/m? , is 10°/2m R?. Seng this equal to
1.2 xlO gives R = 3000m, or 3 km.

If you want o do the whole calculation in SI, start
with the given energy density 4 x 107 JIm™.
This times ¢, 3 x 108 msec™, gives us the power density
1.2 X107 waﬂ/m'- To find E s , use Eq. 29:
Ems = (377 % 12 x 107°)E= 6.6 x 102 VoIt m.

9.10

If we neglect the edge fields, an approximation
which is not very good unless s« b, the displacement
current will be uniformly distributed in the gap, and "
the total displacement current in the gap will equal
the conduction current I in the wire. The fraction of
the current enclosed by a cirde through P, centered on
the oxis, will be mr?/mb*.

Hence 2nrB = 4w r2 1 or B= 2Ir
¢ b2 cb?




.11

The area covered is /4 x (1000 km)?, or 7x10"m?,

The power density is therefore about 10 watts/ Io"'mz) or
10 watts/m?. Using the relation given by Eq. 29 we
can calculate the rms electric field strength :

]
E., = (317x1078)2 = 002 or 2 millivol+/m.

3.12] Let E; be the amplitude of the oscillating

electric field of the incident wave, E, +hat in the
reflected wave. If half the incident energy is
reflected, E.=E;/YZ2 . At certain locations the two
oscillating electric fields are, and remain at all +imes,
in phase, with tofal amplitude E.+E;. (In Fig. 9.10
such locations are Af4, 3A/4  5A/4 ... from the
mirror. In that case the mirror was a perfect
conductor ; the reflection was total, with E, = E; )
At other locations the two oscillating electric Fields
are , and remain, exactly 180° out of phase. The
total electric field oscillates with amplitude E; - E. .
(In Fig. 9.10 such a location is AJ/z2 from the
reflector, where, because E, =E; in that case,

E is zero at all +imes.) In our case, with
Er=E;/V2 , the ratio of maximum amplitude
observed to minimum amplitude observed Is

(+@)f-5) = 553



9.13

E*rEL)(E +EL) (B,.+BL) (B *+BL

l

I
ll +EJ. —

JC : D(smceﬁ E,;B=B,)

G (EJ..*'EX,.‘BV.L).(—EJ--"EXBJ-)—X (QJ- QXEL)'(§¢ éxf;_;.)
=¥ [El+ 2E, (BxB)+ (B xBL)

E-E-p"B'=(E*E.
-E\- By

- B+ 2B1-(axE))- (B EL)’]
Since E,"B =0, (éx g*)z = B*E} ; same goes for (B X BJ_)2
E,(BxB)=-B., (BxE.) ("“box product" rule)
Thus[ ] = [ES(1-8*) - BL(1-8")] and since
Y2(1-8) =1, when we collect all that is left:

E*-g*=(E,+El)- (B, *+BL)= E*-B



