CHAPTER 8 PROBLEMS and ANSWERS

Problen(8.1). A long straight non-magnetic wire carries a steady

current of I Anps. The resistance of the wire is R

Chns/ meter.  Use Poynting's theoremto show that the energy

flowinto the wire is | 2R/ neter.

Answer (8.1). At the surface of the wire the magnetic field is

tangential. From CQurlB = myJ¢ (No M no tine variation)

one has, using Stokes'

t heorem
2paBy = Wol
o B, = Mol _ ,
OBq_Zpaoqu_Zpa Anps/ m
A
EZ
z S=<X) Hinto the pape!
— 2a ———

The electric field is also tangential E;, = IR Vol ts/ m



\' S=EHis nornal to the wire surface and

Sh = 2p§' Energy flow m= (Sy)(2pa) = | 2R Watts/ m

Probl en(8.2). One neter of wire is bent into a circular formto
make a nmagnetic di pole antenna. The wire carries a current
I(t) = 1o sinwt where o =2 Anps, w = 2pf, and f = 50 MH,.

At what rate does this | oop radi ate energy?

Answer (8. 2) .

For a magnetic dipole at the origin, N}, one has

- () zcosa [ +

o)
|

_ M . m £_£ rTl
g = bo sing [+ 2+

=

( )Cs'nq[ cR2 C2

(part of Bgthat is proportional to the tinme derivatives).

Very far fromthe nmagnetic dipole one has only the radiation

field terms ~ 1/ R

E = - (ZB) sinqglR



Bg = ( Zg) sing ;?%

1 . T
or Hy = 4p si ng gg%

S =E x Hhas only a radial conponent

- _Ho 2 ()2
S (4p)25|nq o3R2

If | = 1o sinwmt then m = (pa2) lo Sinwt

m = - w2 (pa2ly) sinwt

Let m = pa2lg. Inthis problem2pa =1 mso my = 0.159 Anp
ne-
At Rand at the angle q the tine averaged Poynting vector is

gi ven by

Integrate this over a sphere of radius R The el enent of

surface area is dA = 2pR2 sin g dq

R
\ radiated power P = (0.0363)(2p) ®in3qdg Watts
0



R
but i n3gdg = 4/3
0

\ P =0.305 watts

Probl en( 8. 3).
An el ectric dipole whose strength is po= 10-7 Coul onb-neters
oscillates at a frequency f= 50 Miz. Let the dipole be oriented
al ong z.
(a) Estimate the electric field anplitude nmeasured by an
observer on the x-axis at a nean distance of 5 neters fromthe
di pol e. Conpare the near field terns with the far-field, or
radiation term Note that the p termis in quadrature with the
other two terns so that it contributes only about 2%to the
electric field anplitude.
(b) How big is the phase shift between the tinme variation of the
dipole and the electric field measured by the observer?
(c) What intensity would the observer neasure at the co-
ordinates (5,0,0); i.e. what is the value of <§>)?
(d) What would be the intensity of the radiati on neasured by an
observer on the z-axis 5 nmeters fromthe oscillating dipol e?
(e) At what total rate does this dipole radiate energy?
(f) This dipole can be nodell ed by two spheres each having a
radius of 0.1 meters and separated by 0.5 neters center to
center. One sphere carries an initial charge of Q= +2x10-7
Coul onbs, the other sphere carries an initial charge of -2x10-7

Coul onbs. The two spheres are suddenly connected by a conducting



5
wire and the two charges oscillate back and forth. Estimte how

long is required for this systemto radiate away el of its
initial energy. ( The stored energy is proportional to @
rate at which energy is radiated away is proportional to @
because p;= (. It follows that the energy stored on the two

spheres wi |l decay exponentially in time).

Answer ( 8. 3).

- wt
(a) pz = po € "
where w= 2pf= 3.14x108 radi ans/ sec, and ; = 1.047 ml,

E = 1 2Cos g2 bz?
"7 4pe cR2g
: 5
_ 1 z , Pz . Pz+
Eq 4p€ Sing cR | C2Rp

Ef =0
cB L Slnqaebz z g
~ 4pey R2  c2Rg
Br = By =0

On the x-axis g= p/2, and Cosg=0, Sing=1. Consequently, one has

only to worry about the electric field conponent, Eg Taking out

t he common factors one has



. 1 1 _
first term R T 125 0. 008
i w )
second term CoR2 = -0.042i
hird W2 0. 219
third term o2r - 0 .

The total field is proportional to -0.211 - 0.042i. The
guadrature term nmakes only a ~ 2% correction to the field. For
an observer along x and 5 neters fromthe dipole the electric
field is polarized along z: it is given by

| Ez| = 193 Vol ts/ neter.
(b) The phase shift between the tinme variation of the dipole and

the electric field at the observer is

Df :}%5 = 5.235 radi ans = 300°.

(c) For an observer at (5,0,0)
= -90(2.11 + 0.419i)
H= -0.2387(2.193 + 0.419i)

Therefore
<S> = 3 Real (EgH{) = 10.74(4. 627+0. 176+0. 0351) Watts/n?,

51.6 Watts/n?.

<S>

(d) For an observer at (0,0,5) the angle qis zero, and

consequently Eq=0 and Bf= H= 0; thus <§;>= 0.

(e) <P>= %4;Eo o3 gﬂf': 10. 8 kWatts.



Probl en( 8. 4) .
A 10 turn circular coil of wire is centered on the origin and

the plane of the coil lies parallel with the xy plane. The coi

has a mean radius of 5 cmand it carries a current [(t)= 10Si nwt
where | g= 100 Anps, and w= 2pf where f= 20 MHz. An observer in
the xy plane, and 1 kmdistant fromthe coil, measures the enf

i nduced in a piece of straight wire 1 neter long due to the

radi ation field produced by the oscillating current in the coil.
(a) I'n what direction should the observer orient the wire in
order to obtain the maxi num signal ?

(b) What maxi numrecei ver power woul d you expect the observer to

nmeasure using a matched receiver? The radiation resistance of a
short wire of length L neters (L/1<<1) is given by R= 80p2§F%
Chns.

(c) Calculate the total average rate at which energy is radiated

by the oscillating nagnetic dipole forned by the coil.



Answer (8. 4).
(a) The wire should be oriented parallel with the xy plane and
perpendi cular to the line joining the observer to the coil. The
electric field has only an Ef conponent.
(b) For this problemone can ignore the near field terns and

calculate only the radiation field terns. These are

Mg M
Bg = 4p Si ng c2R Tesl as,
Ef = - cBy Volts/neter.

In this problem m= me iwt where my= 7.85 Anp- neters?,

w= 1.257x108 radi ans/ sec. , va: 0.419 m!l and 1=15 m For an

observer in the x-y plane the angle g= p/2 so that
m w2 m

By = - dp 2 R = 1.378x10-10 Tesl as.

The electric field strength at the observer will be
Efr= - cBg = 41. 3x10-3 Volts/m The current induced in the wire
wi Il have the spatial variation

1 (2)= Iosin(ﬁ[% - z]) for z>0 with a sinilar variation

for z<0. The average power delivered to the antenna will be
1 L2 2p L I L. O
<Pi>= 3 (2) Eolo @z sin(T3 - 2])= Eolo 55 & - cos(‘1) g

:gj—%. Half this power is

or for small L/I <P >= Eolog

QO

delivered to the | oad:



0 8820 2 b5 X 0%
Eol 0§§ ST 5 = IgR where R =20 p? 95 - 0.877 Chirs.

lo = 2.468x10-3 Anps. The power delivered to the matched
load i's <PL>= 5 12 = 2.67x10°6 Watts.

(c) The total rate at which a magnetic dipole radiates energy is

gi ven by
_C b awos _
PM =3 4p &3 nf Vatts = 19.0 Vatts.
This contri butes an anount Z Chns to the coil resistance where
2
| 2Z
—%f = 19.0 Watts. This gives Z= 3.8x10-3 Ohms since the current

anpl i tude was assuned to be 100 Anps. This neans that very heavy
wire should be used for the oscillator tank coil if one w shes
nost of the input power to be radiated as el ectronagnetic energy

rather than dissipated in the coil as heat.

Probl en(8.5). Two identical electric dipoles are driven by the sane

oscillator at a frequency of 20 Mz but there is a phase shift
of b radi ans between them The dipoles are both oriented al ong
the z-axis, but one dipole is located at (5,0,0), the other is

| ocated at (-5,0,0). Describe the angular variation of the

maxi mum radi ation field intensity produced by these two dipol es
as measured by an observer confined to the x-y plane and | ocated
a constant distance of 1 kmfromthe origin; i.e. make a plot of

the tine-averaged Poynting vector as a function of the angle f
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nmeasured fromthe x-axis for (a) b=0 radi ans, and (b) b:g
radi ans.
Answer (8. 5).

One has only to worry about the far field ternms generated by the
oscill ati ng dipol es, however the phase at the observer is very
important in this problem

ipey &5 R © (t-I—c 1) exp(ib)

D pol e #1: Ei

Dipol e #2: E. 4pleo g’gz p—F\? e-iw(t-[—-—1).

In witing these expressions explicit account has been taken of
the fact that the distance fromthe observer to each dipole is
slightly different. But slight as it may be conpared with R the
difference in distance is a large fraction of a wavelength (I=
15 neters). The total electric field measured by the observer in

the x-y plane is given by

-1 @& po Liw(t-Ric) eibl2.
% = 4pep &5 R © €
2 Ydcost+i b2 | -i—dCost-i b/ 22
'%elc ST +1 +élc ST-1 a
or
Es = 2Eg i W(t-R¢) eib/2 Cos(y dCosf +b/ 2),
_ 1 a2 po
where Ep = 4pey &5 R
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The tine averaged Poynting vector is proportional to the square

2
of the electric field strength; for one oscillator <So>:2EZOO

where Zg= 377 Chns. W nmay therefore wite

<S> = 4<Sp> OosZ(VEV dCosf +b/2)

(a) b=0, and d= 5.0 m (w/c)= 0.419 cm? so
<S>= 4<Sp> cos2( 2. 094cosf).

A pol ar plot of Cos2(2.094Cosf) is shown bel ow.

INTENSITY
Y

(b) For a phase shift of p/2 between the oscillators one

finds
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<S> = 4S) Cos2( s dCosf+h) = 4Sp Cos?(2. 094Cosf+h) .

A plot of the Cb52(2.094Cbsf+§) pattern i s shown bel ow.

INTENSITY

y
1.

Probl en(8.6). 100 Watts/n? of nonochromatic laser light having a free
space wavelength of | = 0.5145 nmis used to illumnate a
stationary hydrogen atom For this problematom c hydrogen can
be nodel | ed by an oscillator having a single resonant frequency
given by the n=1 to n=2 transition at 10.18 eV. the oscillator

strength may be taken to be unity.
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(a) Estimate the total power renoved fromthe incident beam by

t he hydrogen atom

(b) How nmuch energy woul d be scattered per second into a
photonul tiplier tube having an aperature of 3 cmand | ocated 10
cmfromthe aton? The axis of the photormultiplier tube is
oriented perpendicular to the incident beamin such a direction

as to intercept the maxi num scattered power.

Answer ( 8. 6) .
(a) Calculate the resonant frequency associated with the n=1 to
n=2 transition in the hydrogen atom
10. 18 eV = 16. 31x10-19 Joul es.
hfo = 16.31x10-19 | so
fo = 2.461x1015 Hz, and | = 0.1219 nm

wo = 2pfg = 1.546x1016 radi ans/ sec.

The equation of notion for the bound el ectron in the hydrogen

atomcan be witten

d2z - wt
m— + = -
L2 kz eEy e ,

where k/nme w2 . Under the influence of a driving field at

0

circular frequency w the electron anplitude is given by
__ (e/mEo
[wG-w2]

Z0

Now cal cul ate the electric field anplitude in the incident beam
The frequency of the incident light is f= c¢c/l= 5.831x1014 Hz,

and w= 3. 664x1015 radi ans/ sec. The power in the incident beamis
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2
<S> = ——tb = 270 = 102 watts/n?,

where Zg= 377 Chns. Fromthis expression Eg= 275 Volts/ m

For this field anplitude the electron anplitude is
Zo = -2.14x10°19 npeters, corresponding to

an i nduced di pol e noment anplitude pg = - ezg = 3.43x10-38
Coul onb- neters. The averaged power radi ated by the oscillating

atomc electron is

_Cc 1 % 2 -30
PE = 3 Zpgy & Po = 23-53x10°%0 watts.

A photon at 0.5145 mmcarries an energy of 38.64x10-20 Joul es.
The hydrogen atom scatters the equival ent of 6.1x10-11 photons
per second. One would have to wait approximately 3200 years in

order to get only 6 photons! ( 1 year= 3.15x107 seconds).

(b) The area of the photonmultiplier tube is pr2= 7.07 cn?,
Area _ dw = 7.07
R - = 100

therefore = 0. 0707 steradi ans. The power

intercepted by the tube will be given by

_ 1 sec pMHA 2 : —
Pr = 8p $pevy 5 py dW, since Sing=1.

Therefore Pr= 1.99x10-31 Watts. In order to get one count per

second one woul d need N= 19.5x1011 hydrogen atons. This
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corresponds to 7.2x10-11 |iters at NTP or 7.2x10-8 cc of gas at

NTP. Such an experinment woul d be feasible using 1 nm cubed of
gas at NTP (10-3 cc); the dark count for a good tube is of order

1.0 counts per second at room tenperatures.

Problen(8.7). A very thin plane, uniform sheet of dipoles is |ocated

in the y-z plane. The dipole nonents are aligned al ong the
z-axis and they vary in tine |like élmﬂ_ The pol ari zation
density for such a sheet can be witten

P,(x,y,z,t) = Py d(x) '™
(a) Show that this tinme-varying polarization density generates a
vector potential which can be witten in the form

MPoc i (kX-wt)
2 e

X>0: Ar(X Y, Z t)

MPoc - i (KX+wt )
) e .

X<O: A(X Y, Z t)

(H nt: one can use the particular solution for the vector
potential in terns of the current density. Note also that A
cannot depend upon either Y or Z fromthe symmetry of the
problem this neans that one can carry out the calculation for
Y=Z=0. You will run into an indeterm nate constant upon carrying
out the integral; this does not matter because any constant, no
matter how |l arge, can be added to the potential wthout altering

the fields calculated fromit.)
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(b) Use the above vector potential to calculate the scalar

1 9V _
o2 it =0. Use the

potential fromthe Lorentz condition diVvA
potentials to calculate the corresponding electric and nagnetic
fields.

(c) What is the rate at which energy is radiated away fromthis

sheet of dipol es?

Answer (8.7). The vector potential is generated by the total current
density Jiot= Jf + curlM + 1P . For this problemthe current

1t
density is entirely due to the tern1%? ; this termhas only a z-

conponent, so the vector potential which it generates will have

only a z-conponent.

3, = T2 = -iwR d(x) e W
t herefore
~m Sdxdydz(-i wPg)d(x)e' MR O
A (XY, Zt) = 4p 5 R
Space
wher e
1/ 2

R:((X-x)2+(Y-y)2+(Z-z)2) .

Fromthe plane symmetry the vector potential A, cannot depend
upon the co-ordinates Y,Z, it is convenient to take Y=Z= 0. One

can use polar co-ordinates in the plane and wite

R=4\Vr2+Xx |
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and dydz= 2prdr. The integral over x can be carried out with no

effort because of the d-function. One obtains

A(X t) = T (-1wPg)

The integral can be carried out with the help of the

substitutions

u =+r2+X2 and udu = rdr.

¥
. P. i iy .
(X 1) = - R0 gt Oy dwic
| X|
The constant is ill-defined; ignore it because a constant has no

effect on the fields calculated fromthe vector potential.

Az( X t)

:gm)cPogel(MXLwt) where k= w/ c.

2 g9 !

For X>0 this represents a wave propagating to the right.

For X<0 this represents a wave propagating to the |eft.

(b) The scal ar potential can be cal culated fromthe Lorentz

condi tion

. 1 9V _
dIVA+?ﬂT—O.
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For this exanmple, divA=0 so that the scalar potential is also

zZero.

The electric field has only a z-conponent which is given by E;=
1A
It -

The magnetic field has only a y-conponent which is given by By=
. TA

> -
For X>0: E, :ivvm%Po d (kKxX-wt) Vol ts/ m
B - ikrg)Poc dCoewt) inm)Po dooew)
For X<O0: E, = LX!%?EEQ g ! (kxawt) Vol t s/ m
By = LED%EQE éi (kX+Mﬂ):=iyﬂ%QEQ éi (kXwt ) Tesl as.

(c) The plane sheet of polarization radiates a plane wave in
each direction which is shifted in phase by 90° with respect to
the pol arization sheet. The average rate at which energy is

radiated in either direction is

<I'Sx> = gy w2Py watts/ne.
en(8.8). A very thin plane, uniform sheet of dipoles is |ocated
in the y-z plane. The di pole nonents are aligned along the
x-axis and they vary in tine |ike élmﬂ. The pol ari zation

density for such a sheet can be witten



19
Pu(X,y,2,t) = Py d(x) g
This problemdiffers fromProb.(8.7) in the orientation of the
dipoles. It is still true that A cannot depend upon either Y or

Z because of the planar symetry.

(a) Show that this tine-varying polarization density generates a
vector potential which can be witten in the form

MPoc j (kX-wt)

X>0: AdX Y, Z, 1) 5

MPoc i (kXrut)

X<0: AdX Y, Zt) >

(Hnt: one can use the particular solution for the vector
potential in terns of the current density. You will run into an
i ndeterm nate constant upon carrying out the integral; this does
not matter because any constant, no matter how | arge, can be
added to the potential without altering the fields cal cul ated

fromit.)

(b) Show that the electric and nagnetic fields corresponding to

t he above potentials are zero.

Answer (8.8). This problemcan be solved by direct integration after
t he manner of Problen(8.7). A nore elegant and usefull nethod

starts fromthe differential equation for the vector potential:
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N2A - 5 o5 = - Mx = iwmy Po e'th d(x).

The free space solutions of this differential equation are:

(i)on the right, x>0; AX:AOeI(kx-wt)

(ii)on the left, x<0; AX:Aoe'I(kX+Wt)

where k= w/c. These pl ane waves satisfy the honbgeneous wave

equation
N2A -

The anplitudes of the two waves nust be the same by symmetry.
Near x=0 one requires

2 .
hlia Qe

02 A = iwny Py d(x).

Integrate this equation over a vanishingly small interval around

x=0, fromx=-e to x=€e The result is

. A _ .
Lim o = ikAy
ewo Xle




Lim ﬂ%% =
er 0 -€
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i kAo,

and the termof order € goes to zero inthe limt as e®O0.

Ther ef or e,
2i kAy = iwnmy Po
and
Ao = ﬁbgpb _

(b) The scal ar potential can be calculated fromthe Lorentz

condi tion

. R I\
dIVA+§ﬂT

Consi der the potentials for x>0;

handl ed in the sanme way.

diva = WD
consequently

V = CZQPPO é(kx-mﬁ) _

E =- gradV -

so t hat

EX=_ 260

= 0.

the potentials for x<O can be

kx-wt )

_ Py (kx-wt)

2€y

1A

it

I kPo ei(kX-V\lt) N I wpPoc ei(kX-V\lt)

2
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But i wmpPoc i wmyPpc2 i kPy
u 2 T 2c T 2g

so that Ex © O.

Furthernmore, curl A° 0 so that there is also no nagnetic field

component .

Probl en(8.9). A very thin plane, uniform sheet of dipoles is |ocated
in the y-z plane. The di pole nonments are aligned al ong the

x-axis and their tinme variation can be described by

4 (ay-wt)

The pol ari zati on density for such a sheet can be witten

Py(X,y,z,t) = Py d(x) d (ay-wt)

Cal cul ate the electric and nagnetic fields generated by this

space and tine varying polarization density.

Hnt: It is very difficult to calculate the vector potential by

direct integration of the expression

Q
m § & %
oo  "itRr
AR 4p 8 TR
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It is better to work directly with the differential equation

- 2

N2A, - % tA Myi wPp d( x) e(qy W)
For x>0 let A, = Age (KX*tay-wt)
For x<0 let A = Ay & (7kx+ay-wt)

These functions satisfy the honogeneous equati on and represent
pl ane waves propagating away fromthe di pole plane. The |eft and
ri ght propagating pl ane waves have the same anplitude by
symmetry; this can be deduced directly fromthe integral for
A(R t). Near x=0 one finds

12A R .
«szx + [g—-qZ]Ax = iwmy Pg d(x),

| (qy-wt)

where the factor e has been cancell ed out on both sides.

Integrate this equation from-eto +€ where eis allowed to go

to zero. This gives

A
X le

A

oot QA8 [§2-a2) = iwmy Ry,

whi ch may be used to find Ao—m)z%gg,

wher e ggz = k2 + g2 ( the termproportional to € goes to zero

with €.
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Answer (8.9). Followi ng the procedure outlined in the problem one

obt ai ns
for x>0: A = ?’gapog & (kx+aqy-wt)
for x<O: A = ?/glﬁpog d (- kx+ay-wt)

A _ WMPod | (kx+ay-wt)

For x>0 one finds diVvA = 1 —g > 5 X
: 1 9V _ . .

from d'VAJ’?ﬂT—O this gives

for x>0: V_iel(kx+qy-vvt)

= 26
For x<0 a simlar calculation gives

v = . Po d(-kx+ay-wt)

2€p
E = -gradV - % f rom whi ch
. o ]
for x>0 E =- NV TA« _ iPo 8820 i (kx+qy-wt)

™  ft " 26 Ekp ’

e = . IV_ _igky d(kx+qy-wt)
Y Ty 2ey ’

and B = curl A, so that

WA . IWMPo ago | (Kx+ay-wh)
Bz =- gy T 2 &g ©
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The anplitude of the electric field is
_ 2.2 _ a0 a0 Py
B = NEE = &5 &G 2ep

therefore cB,= | E| which is the correct ratio for a plane wave
propagating through enpty space. A simlar cal culation shows
that a pl ane wave propagates to the left; its Bfield is the

sane as the wave propagating to the right. See the diagram

bel ow.
Yi
k=w/ c M6 |85 Po k=w/ c
h |El = & o é(gzo
B; B;

_ % gy Po

q | El = ec9 é(g 260
. -
k X

Probl em (8. 10).
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The el ectron on a hydrogen atomis characterized by the

resonant frequency fo = 15 x 1015 H,. The di pol e nonent

i nduced on each hydrogen atom by an electric field can be
witten p = aE where a is the polarizability.

(a) Estimate the polarizability of a hydrogen atomfor an
electric field oscillating at a frequency of 1018 H,,

(b) Consider a hydrogen atomat the origin. A plane wave is
incident on the atomwhere E; = E, e P (kx-wt) where E; = 1
Vol t/meter and w = 2p x 1018 rad/sec. How large are the
electric field conponents neasured by an observer 1 neter

distant and located in the x-y plane?

Answer (8. 10) .
(a) The equation of notion of the electron on the H atom can

be witten

d?z _ - 0wt
n1aF§ + kz = |e|l E e
d2z  k _ _  |e€] - i wt
or di2 tmZ T Ec e .

The resonant frequency is g X 1016 H, therefore
%1= (3p x 1016)2 (rad/sec)?2 = W2

_ -iwt -(lel/m E
If z =z € then zg (W2 - w2)

_ (e m E, o I Wt

The dipole nonent is P; z = (W2- w2)

- el
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_ elm _ e2 : 5
\a_(V\P-WZ) =2 since w2 >> W2 .
At f = 1018 H w=6.28 x 1018 and a = - 0.714 x 10-45

Coul onb neters.

The induced dipole nonent is P, = aE;,. For an observer

the x-y plane

q:g \ cosqg = 0
sing =1

There is no radial conponent of electric field!
L[ P, P, B

Eq:4peo RB  cR2 c2R
Now ¢ = 2.09 x 1010 (5)2 = 4.39 x 1020

So the quantities 1 &Vavare negligible c.f. (VEV)2

= - 4.39 x 1020y = - 2.82 x 10-15
ape, ( )

E (0.71) (10-49) (1)
q

Vol ts/ meter.

Probl em (8. 11).
A short thin-wire center-fed dipole antenna of length L
nmeters is oriented along the z-axis with its center at the

origin as shown in the sketch.

in
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r=R- xcosq

The current distribution on the antenna is given by:

z>0: 1(x)= lo(1 - Z—LX) e M

z<0: 1(x)= 1o(1 +2—LX) e M

Show that the radiation resistance of the antenna is given by

_ oop2 20
R = 20p g Chns.
H nt: The distance fromthe elenent dx to the observer is

gi ven approxi mately by

r= R- xcosq = R(1- xc;sq);




29
here xY Ris a very small quantity. Expand all relevant terns

as a power series in (x Ry and keep only terns proportional
-iwxcosg/ c

to (XY R. Also use the approximation that e can be
. WX
set equal to (1 - i-;cosq).
Answer (8.11).
dAz—@ dx! (x) e_iw(t_cF:2+xcosq)
~ 4p (R-xcosq)
-1 wx
XCOS ———CO0S -iw(t-Rc
= {amm ;w (1+ 1 e ¢ OGe RO
Drop the terme_lw(t_R/C); it is just a factor throughout.
Let
e-lwxcosq/c = (1 - iwxcosg/c). Then setting k=w/c,
one finds
L/2
- Mo —% 2X XCO0S :
A= apr X (1- )0+ 2N (1 - ikxcosq) +
ml o Q 2X XC0Ss(q .
4R_L$§i2X(1 +T)(1+ )(1- IkXCOSC]),

wher e §R <<l and it is assuned that kx<<l. Wth these

appr oxi mat i ons

Ml o -iw[t - R c]
A= apR (2) e .



I n spherical polar co-ordinates

AR_m)Io 2) cosqe iwt - R/c]’
| L [ -iw[t - R
Aq:'njfpo(z) smqelvv[ c]-

B= curlA In this case B has only the conponent Bf. The

radi ati on conponent of this field is proportional to 1/R and

is

B = - i m)lo(z) ( ) smqe iwt - R/c].

The electric field is

fTblo

_ . sing o-iw[t - R c]

Eq = cBr = - 1 2) (w) R e .
: [ -1 - KR

Ho=eim =i g0 (h) (P Sipter!Mi el

The tine average of the Poynting vector, <Sg> is

onN

1 Mg 2
<S> = Rea'(Equ)= é 7 vy

w2 sin2qg
c RZ

Integrate this expression over the sphere of radius Rto get

the total radi ated power:

30
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P> = (F)(cm) (1) wauts.

But Chp= 120p, and by definition the radiation resistance RR
2
I

is such that <P>= 4%77 , therefore

Re = 20p2 ()° chns
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