ANSWERS TO
ODD-NUMBERED PROBLEMS

1.1.

13.
15.
17.

115.
117.

1.19.

1.23.

Chapter 1

(a) 44/°3 units and directed 30° south of east (b) 0.51764 units and directed 45°

north of east (c) 9.928 units and directed 30° south of east (d) —6./3 (€) 6 units

and directed upwards (f) 0 (g) 0 (h) 2.784 (i) 1.607 units and directed upwards

(0 (k)0 (1) 24 units and directed towards the north (m) 24 units and directed

30° north of east

C? = A2 + B2 — 24B cos 0 where 0 is the angle between A and B.

© dl=Au2+2dui, + /2 +v¥dvi, +dzi, (d) dv =2+ v2)dudvdz

(©) & =129.25°, A =29.38°, S = 38673 Km (d) 208.97°, 25.17°

(. + 2i, + 3i,)/,/14

(a) Surfaces of constant magnitudes, T, are ellipsoids with intercepts on the x, y,
and z axes at +a/Ty, +4/To/4, and +4/T,/9, respectively.

(b) Surfaces of constant magnitudes, Uy, are cylinders parallel to the z axis, having
radii equal to 1/2U, and with their axes passing through x = +1/2U,,y = 0.

(c) Surfaces of constant magnitudes, V,, are toruses obtained by revolving, about
the z axis, circles in the ¢ = constant plane with centers at r. = 1/2¥, and
z = 0 and with radii equal to 1/2V,.

F = —(mMG/r2)i, in the spherical coordinate system having its origin at the

center of the earth. Constant magnitude surfaces are spheres concentric with the

earth. Direction lines are radial lines converging towards the center of the earth.

@) v = ai, + abri,, ‘;—;’ — —ab%i, + 2abi,

(b) v= —wasin wti. + wb cos wt i, + ci,
d . . .
Iv = —@w2acos wti, — wbsinwti,
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G, — A/31y)/2

Scalar function x y oz ¢ rs 0
Gradient ix iy iz irc (l/rc)igb ir.v (l/r:)i9
6.983

(a) 1/720 (b) 2mal (c) w/16

(@) 0 (b) a2l)2

@ n/2 b n2 © 72 @ 2

—2/3

! — D)2

Unit vector i, iy i, ic iy i ig
Divergence 0 0 0 1/r. O 2/rs (cot @)/rs
(@) 21/16 (b) 1/2 () 0 (d) O

(@) —yi, —zi, — xi; (b) —2i; (¢) 2+ 2sin)i, (d) 0exceptforz=0
e —(er/r)iy

(@) 6xyz2 +2x3y (b) 0 (c) e~"/r (d) 2(yzi, + zxi, + xyi.)

Chapter 2

—(mg/q)i,, 55.7 x 10712 N/C

(b) yr = qEoL*2mvE, v, = woi, + (GEoL/mvy)i,

(©) ya = @EoLImv})(L[2) + d]

0Q2/€ol*mg = 4m| /6

(a) 6Qd?/4m€ z* away from the quadrupole

(b) 3Qd?*/4mer* towards the quadrupole

(@) E,=0,E,=0, E, = proaz/2€,(a® + z2)3/2

(b) E, =0, E, = —proa?/ney(a? + z2)32,E, =0

(c) E. = —proat/4€o(a? + z2)¥2, E, =0, E, =0

(d) E, =0, E, = —proa?/4€o(a® + 2232, E, = 0

(a) Ofor|z| < a, psoa?|z|/€yz? for|z|> a

(b) —psof3€o for | z| < a, 2p0ad/3€o|23 | for |z]| > a

(por[2€0)i, for r < a, and (poa?/2€,r)i, for r > a, where the axis of the cylindrical

charge is the z axis.

(@) E = (prod/2meor?)(cos @i, + sin ¢ iy)

(b) x2 + (y — ¢/2)? = (c¢/2)?, z = constant; circles in planes normal to the z
axis, with centers at x = 0 and y = 4-¢/2, and having radii ¢/2.

_ Pro_ z+a _ z—a .
e g oo v )

¥ r .
- (J(z —ar+r: Nzt a? Tt rz)l’}
where the line charge is located along the z axis between z = —g and z = a.
Direction lines are given by
Gz +a? +r2—A/(z—a)? F r? = constant
@nm (b)2wn/3 (¢c) m/6 (d) 2w (e) /2 (f) w/2
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0/8¢,

(a) lforl [ < a,

—Ml for |z|> a
€oz

(b) g—:(lzl— a)i, for |z| < a, 0 for | z| > a

z3 . a’l|z|,

© 76,17 |Z|lz for|z| < a, T for|z|> a
2

@ === TP 1,for|z|<a Ofor|z|> a

1 z . a*z .,
(e) a(az —21—1)12 f0r|2[<a;m]z fOI‘|Z|> a

(@ Oforr <a,zE25(r3 —adi, fora<r <b 0_(b% — adi, forr > b

’36 ’36 2

(b)46a forr<a,4/2 i,forr>a
2 _ 5
(©) p_O(SILSGra—ZrX_)I for r < a, 125/;_ zi, forr>a

(po/2€4)c where ¢ is the vector drawn from the axis of the cylindrical surface of
radius a to the axis of the cylindrical surface of radius 4.
_[@Dpe z=0
@ 2. {(4/3)/%0 z=a
®) p=eir
_ [Qldma? r=a
© p. {—Q/4nb2 r=b
1 unit of work done by the field.
%ﬁ sin @ cos 0 cos ¢
@ 50 " Q(9 sin 8 cos ¢ + 3 sin O sin @)
327t6 r 32meyr?
) — _ sinfcos ¢ + sin @ sin @ + cos 8
47t€ ro. TEr?2

Q(sin 8 cos ¢ + cos B)
© 27€or2

Q(3 sin2 @ cos? ¢ -+ 3 cos2 f + 3sin@ cos B cosp — 2)

47:60}’3

L0 lnw +z% + 2o

NTE 4+ 22—z,
® 27tf Wrr +z% —vr)
() 0
(@ (psof2€0)(z,| — |2])
() (psol2€)(4/7E + 22 —1W/r3 + 23] — 2] + 12D
© (Psol2€0)( /7% + 22| — |&/r} + 22]
@o
() 0
For the line charge lying along the z axis between z = —a and z = q,
V= Lo M2+ a?+(z+a)

47t€0 /\/17—{— C—a?+(z—a)

(w4
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Equipotential surfaces are given by

() ) -
4c a (c + D2\a

where c is constant.

Po 2 _ Po
ZEo(a 3)forr<a, forr>a

Po o 2 Poa a
(a) 3¢, (a r?) forr < a, %€, InZ forr>a

— p2
(b) 0f0rr<a,2p6°(aZ—zL——azlnT)fora<r<b,

Po (@2 — b a\ , Pod? —a?)
2—50% a?In b) —2€0—ln forr>b

©) poa %forr<a

_ 3
’96 r3) forr>a

(a) Bg-"—forlzl <a,p‘—2al—z—|for|z| >a
1] (1]
(b) Mlniforr<a l—’éLalni
Psoa —_-— = P:na 1 _1_
(©) (a b)forr<a, €, (r b)fora<r<b,0forr>b

(@) nazpz.oix (b) 0 (c) (proa?/2)(—mi, + 2mi,)
Dipole moments for cases (a) and (b) about any point other than the origin are the
same as the respective dipole moments about the origin.

fora<r <b,0forr>b

Chapter 3

—ei,

x-S -G
v, = B i, + v, qBo Zly

© x3=x, +qBo[o,d[ <q£30 ) } 172

mg/LBy, 9800 amp from west to east

F2 = —(ﬂo/475)1112 dly dl, i,, Fys = (Uo/4m)1,1, dl, dl, i,

Fay = (Uo/12/3 LI, dl, dl,i i, Fi3 = (4“0/12»\/—77:)11 Ldl d, i,
Fi3, = (ﬂ0/84/ 7:)12 dl dl ly, F,3 = (ﬂo/&\/ 7[)12 dl dla

I
ﬂoz;t 24 (% - ﬁ?}) towards the loop
1.1 .
ﬂoz;t 2“(% — (%—l—b) towards the infinitely long wire
4 [aW
IL

Uonla? sin (27t/n)
47l(a cos /n)2 + z2](a® + 22)1/2

@ &

Ia? 1 1 .
02 {[az TG = b + @+ G+ b)z}:/z} I
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(@ ﬂgéiol[ a -+ A/a? + z2 a ]i,

Iz e+ 22
Honol [ 1 1 .
(b) 2 [m - /—-—a_“—z ¥ sz| 1;
,uonola i
( ) /az + Zz

(a) (uold/27zr2)( sin @i, + cos ¢ l¢)

(®) (x —¢/2)? + y2 = (c/2)?, z = constant; circles in planes normal to the z axis,
with centers at y = 0 and x = +¢/2, and having radii ¢/2.

(a) 3uolard/z* away from the quadrupole

(b) 3uolard/2r* towards the quadrupole

2
(a) %i¢f0rr<a,ﬂ°gﬁa igforr>a

(b) O for r < a, ”2°J°(r2 — a¥ji, fora < r < b, M(bz — i, for r> b

HoJoa? [ r\*t2
()(n0—|-02)r( > forr<a,( +2)

(@) —uodoyi, for |y| < a, —(oJoaly|/Mi, for |y| > a

(b) UoJo(ly| — @i, for |y| < a, Ofor |y|>a

© —(uoy?21yDi, for |p| < a, —(Uoa?|y|/2p)i, for |y]| > a
(@) [uo(a® — y»)/2]i, for |y]| < a,0for |y|>a

forr > a

(©) —polay — (213NN, for |y < a, —(pea? |y |120)i, for |¥| > a

(@) HoJ 5ol for |y| < a,0for|y|>a
(b) O for r < a, (uoJs0alr)is for r > a
(©) Oforr < a, (uoJsoa/r)igfora <r <b,0forr>b
0 inside the sphere, —(pol/27r,)i; outside the sphere
@ .ol for y =0, +-J.gi, for y = a
(b) 3Jpri, forr < a,0fora <r <b, —(Joa3/b)i,forr =b,0forr > b
© %Jso sinfi,forr=a
A— ,uoI [«/rz +z+a?+(z+ a):]
NP+ (z—a2 +(z—a)

B — HLI[ z+a z—a J

anr /2 F(z+aP A+ (z—a)p
A = Molma? sin 0.

dmr? i
B =472 ) cos 0, + sin i)

2 2
@ —”"—2"y—i forlyl <a, [—&’—0“— — todoa(ly] —a)]i, for |y|> a

) uoJolay — i, for |y| <a, ﬂ°"°ay1,forlyl> a
2| | 21y|

© — ﬂoly |5 Ho2a° —63a21yl)

i for|y| <a, i for|yl>a

Koaly
> 3y

(d ﬂo(3a J’ =%

i, for|y|<a i for|y|> a
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© ﬂ0(|y3|6— 3ay?) i, for [y| < a, /‘_D&G_M i;forly|>a

347. (a) UoJsoi; for |y| <a, (leJso |y Wi for |y > a
(®) poJsoaln —z— for r < a, poJspaln % fora<r<b,0forr>b

349. (@ m = @nola’/3)i; A = (Uonola®/12r?)sin @i,
(b) m = (mnola?/2)i, A = (Uonola?/8r2)sin B iy
(©) m = nnolai, A = (Uonolaj4r?) sin 8 i,
3.51. (Lo po@oas{15r2) sin B iy
3.53. ]:x — g—(fj—i—})]z +y2 = (%)2 where ¢ is constant, z =0
3.57. (a) Group (@) (b) Group (d) (c) Group (¢) (d) Group (b) (e) Group (c)

Chapter 4

41, E=i,+i,B=i

E,

4.3. X = @.B,

(ot — sin w.2) + %’(1 — cos @, 1)
(4

— _Eo vy
y = ®.B, (1 — cos w.t) + o, sin @, ¢

z=0
_gE, . (sinwt sin .t
4. x‘mw%—wz( w w, )
y= % W—Q—):W(cos Wt — cos W.t)
a c
Z =
4.7. Byvoab/y(y + a)
y +a\ . Byvgab
4.9, <ngco In ¥ ) sin wt + 0 T a) cos ¢
4.11.  waByi,
4.15 ,u_ol( z+d _ z—d )
) 2 \Wat+G+d? JaE+(z—d)?
,u_ol z—a _ z+a . h
4.17. > (Mrz TG VTGt a)2> for C outside the sphere
Mol z—a _ z+a . h
> (2 + NS e PR ro a)2> for C outside the sphere

4.19. @/18)uel
4.21. 1.0606 ¢
4.23. The magnetic field due to the moving charge is given by

B = 4o Qovo r i
an [r? + (wot — 2)2P2 ¢

at an arbitrary point (¢, ¢, z).
4.25. 0.1471/€; N-m

2
421. (2 %’S‘C/__’: (2b5 + 3a5 — 5a%b?) N-m
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b 7L%as N-m

2
@) ”°I° [( < oy In < —Hn 2——(62“_ bz)]

N
(b) 90(“”“a+6>

The energies associated with the current distributions of Problem 4.32 are
@) uoJkha (b) 2p0/15
(I3 In c/a + 2111, In ¢/b + I3 1n ¢/b)
(Voly/4) sin 23z
2
?Zﬁfa‘; cos? (@t — Br)
4 cos (2t — 96.87°)

(@) E, =2/135°, E, = 2/225°

(b) The magnitude of the field vector is constant and equal to 2 units. The angle
which the vector makes with the x axis varies as (—¢ + 135°) with time.
Hence, the field is circularly polarized.

(@ +/3x — 2y — 3z = constant.

(¢) The direction of polarization makes an angle of 25.67° with its projection, on
to the xy plane, which makes an angle of 73.9° with the x axis.

(@) /3 x + 3y + 2z = constant.
0.047

© B= __h[( 1 +]2/\/—)lx + (— ,\/? —Jj2)i, + 2,\/'—12]3 70.027 (V3 x+3y+22)
The field is left circularly polarized.

2€,

Chapter 5

—50€,y for x =0,y > 0; —50€ox fory =0, x > 0;
(50€0/x)/x* + 4 for xy =2
0 for r = a, pr/27b for r = b, —pp./27c for r = ¢, and (pr; + pr2)/2md for
r=d '
(c) 3€0E, cos
(d) Ea = Eoiz
—Ey(cos @i, — sin@ip) forr < a
E; = an

(2cos@i, +sinfig) forr> a

fora<r <b s i, forr> b

_0 ) _0
®) Zmez - forr <a ez > Imeor?

(b) E, = Ey(cos 8 i, — sin 0 i)

-3 _{“’X Ey(cos 0 i, —sin0 i) for r < a
_Xeo an
3+ Xeo

foEo cos 0

E, =
Qcosfi, +sinf i) forr > a

(@

3+X
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@) peodles (6) peodid€a (©) peold + D)d€s (D) ”“’dllnj—j

z

2 2
@ €ofii. O 6Bk © 221+ 2)" 1 @ em[1 - 41+ ) i
@ — i €0, for z = 0,0 forz =d (f) EOE"( ¥ %)

(b) l¢f0rr<a ,Lt(,(l—i—)(,,,o)zﬂ 1¢f0ra<r<b'u° igforr> b

b Ba = By(cos @i, — sin 0 ip)

2){mo Pt .
T g By(cos 8 i, —sin B i) forr < a

3
A B (2 cos 0, + sin B iy) for r >

@ 31)_{'3; B;smHl,ﬁ :

@) HoJsod (b) duogJeod (©) poJso(4d — 2ty (D) [(uy + H2)[2)s0d

@ Boltolly () Boluiy © (1+5) Bty @ [(1+5) —1]224,
By i
Ko Hod

B, =

© 0 for z =0, 3Bo/po)is for z =d (£) —2(1 + EARLY

U =kH, ft;; =2kH, ¥, =kH — 1,M = (kH — )H
(a) phdf2€, (b) pid/8€,
(@) woJ2d2 (b) 2ueJid

2 B2
3 ko
By(5i, + 4i, + 5i;) Wb/m?

(a) H, = ,/%[E‘. cos W(t — A/ Ho€oz) — E, cos @t + ~/Tho€o 2)1iy
0
H, =2, /%E, cos Wt — 24/ Tho€o7) i,
0

E _ 1 E_2
®FE="3 E~3
Chapter 6
3a2z — ad|z|
(a) —66 for|z|<a, ez for|z| > a
®) f:—g(a2 —r2)forr <a, _p20€a L forr> a
© D2 — a2 forr <a, — B +2 '— 3b2) for a < r < b,

3€r(b3 —a¥)forr>b

ofr2  r* _a_2> 2poa’
@ —Bo(re - s — L forr < a, B forr > a

__V In €:d 4 (€2 — €)x
In €,/€, €.d
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E — Vo €, — € i
" Iné€yfe, €.d T (€, — €x 1«
(@ p; =€Mycoslf forr =a

®) E = {—(M0/3)i, forr <a
(Moa3/3r3)(2 cos B i, + sin 8 iy) forr>a

© H— {—(Mo/3)i, forr<a
(Moa3/3r3)(2 cos 8 i, + sin @ i) forr>a

_ {(Z,uOMO/3)i, forr <a
(UoMoa?/3r3)(2cos B i, +sinf@iy) forr>a

__ 1, sinh (zx/b) . sinh (3x/b)
V="V m sin (ﬂy/b) + 7V, m sin (37ty/b)
__ 3V, sinh (wx/b) . V, sinh (3x/b)
=7 sinh (na®) S YD) — ' Sob Grragy S0 GR/B)
_ = 4V, sinh [n(x — a/2)/b] .
@ V= n=1,;,5,... 777?0 sinh (nma/2b) sin (7t y/b)
4Vy0,

L==5% %, SnomaD
X [cosh %(x — %) sin % i, + sinh nb (x — 7) cos n7l§y ly:|
O V= 5 R Gy Sn (o
Jo = _4-1%0_0 = ?’ .cosh (ina/Zb)

e ) con (x5 e

b
© V= ;5 [4 V', sinh (ntx/b) 4V, sinh (nmy/a)

w7 sinh (majb) S (7 YIB) + S Goh Gaehja) €08 X ")]
Jc = —0,
n=1,3,5,...
4V, cosh (nmx/b) . 4V, sinh (nty/a) .
R Gitasy S0 (e [B) + 222 SR ) cos (nmxfa) i
4V, sinh (nmx/b) 4V, cosh (nmy/a) . }

+ [ b sinh (nmafB) 8 P7YI0) + 5 Gk Gbla) S (””x/“)J I
The image charge is an infinitely long line charge of uniform density —p.o C/m
situated parallel to the actual line charge and at a distance d from the grounded
conductor on the side opposite to that of the actual line charge.

(a) €V,

"mixﬁ’ro<x<” —w+6g_ll/(:’i_t)ixfort<x<d
(b) —mf_%forx=0,€—z%forx=d
w/12%w
na’UN?
na?UNN,
1257

For f slightly larger than 1/21ls/ 1€, the input behaviour of the structure is equiva-
lent to a series combination of C = éwl/d and L where L = udljw. For still
higher frequencies, the input behaviour of the structure is equivalent to C in
series with the parallel combination of $L and 1C.
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6.33. (a) —480m2 x 1077 sin 3007¢ volts (b) O volts

6.39. (a) For the region » < (@ — b), E = 0 for all .
For the region (a — b)) <r < (a + b),
E is zero for cos 27t > (r — a)/b and (Q/4m€ r2)i, for cos 27t < (r — a)/b.
For the region r > (a -+ b), E = (Q/dne€,r?)i, for all ¢.
(b) No wave propagation
6.41. (2) 10 cos2m x 107¢, 10sin 2w x 107¢, 107 Hz
(b) 10cos 0.17z, 10 sin 0.1z, 20 m
(¢) 2 X 10® m/sec

@ %z cos 2 x 107t — 0.172)

6.43. (a) The given E represents the electric field of a uniform plane wave
(b) Direction of propagation is along the unit vector §(,/3 i, -+ 3i, + 2i.).
A=25m
f=12MHz
Ay =577m, A, =33.3m, A, = 50m
v, = 6.928 X 108 m/sec, v,, = 4 X 108 m/sec, v,, = 6 X 10% m/sec
The polarization is left circular '

H= Tl()ﬁ[(_l + 72/ iy + (—/F — i, + 24/Fi,]e /0022 Ix+3y422)

2/3 —1.5 <z<0.75
647. (@) [Edeoois = {0/ o=z
—1/3 —75 <z <45
[E.] _ ] —8/45 —15<2z<0.75
*=0.035 8/15 2<z<3
0 otherwise
1 0 <t<0.01
1/3 0.02 <t <0.03
. 8/45 0.04 < <0.05
®) MlHJe--s =1 _g/675  0.06 < ¢ < 0.07
8/1025 0.08 < ¢ < 0.09
24/15 0.03 <t <004
—8/75 0.05 <t < 0.06
MolHy):-2.5 {8/1125 0.07 < ¢ < 0.08
4/3 —1.5<z<0.75
AolHli=0.035 = {0/ otherwisez
1/3 ~75<z<45 |
8/45 —1.5<z<0.75 |
”O[Hy t=0.035 = 25‘/15 2 <z<3 ’ ‘\
0 otherwise i
E, in volts/m, H, in amps/m, ¢ in x sec, and z in m.
651.  V(0,1)=0 ) 100, £) = 2(V*|/Z,) cos ot
V(A8,1) = —/2 | V*|sin ¢ I8, 1) = A/ 2(|V*|/Z,) cos wt

V(A/4, 1) = —2| 7, |sin ot I(Aj4, 1) =0
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VA8, 1) = —a/2 | V*|sin wrt I(3A[8,t) = —/2(V*|/Z,) cos wt
VA2, 1) =0 IA2, £) = —2(V*|/Z,) cos wt

653. (a) oo, |V(d)| = 10sin (mdj2D), | I(d)| = 0.2 cos (d/[2])

(b) 0, | 7(d)| = 2.5 sin (wd/l), | I(d)| = 0.05 | cos (md]l)|

© d 0 12 1
Voltage, volts 0 5.303 7.07
Current, amps 0.1458 0.1 0.03535

6.57. No standing waves in medium 3.

In medium 2, standing wave ratio is 1.5. Standing wave patterns consist of minima
for | E,| and maxima for | H,| at either end of medium 2. Both patterns contain
three wavelengths.

In medium 1, standing wave ratio is 3. Standing wave patterns consist of minimum
for | E, | and maximum for | H,| at the right end of medium 1.

Fraction of incident power transmitted into medium 3 =

2?.59. 2.5 cm, 4€,

3.61. Z, of stub stub location = stub length
| 50 ohms 0.0334 0.08114
50 ohms 0.1674 0.41891
?\ 100 ohms 0.0334 0.04344
100 ohms 0.1672 0.45661

663. (@) 0.75¢/9264= (b) 7 (c) 0.3164 (d) (220 — 7310) ohms

(e) (0.0015 + 70.00215) mhos (f) 0.2584
61-67. Propagating mode TE, o TE,, TE; o
fe; MHz 1875 3750 5625
0., degrees 71.79 51.32 20.37
Ag, cm 2.631 3.203 7.184
Vp;, M/sEC 1.5783 x 108 1.9215 x 108 4.3104 x 108
#1,, ohms 198.35 241.47 541.68

6169. (a) H,=2H,cos (ﬂx cos 8,) e—ifzsin 6,
E = 23/ ufe H, sin 8, cos (Bx cos §;) e~18zsin 6.
= j2a/1j€ Hy cos 0, sin (Bx cos B;) e=/#zsiné:
© A = 2alm, f, = m2a/ u€, A, = Ma/T — GJAo)%,
”pz_’vp/vl — (A2, m=1,2,3,.
(d) H, = 2H, cos (mmx/a) e~/\2/4z
E, = 2nHy(A/A,) cos (mmx/|a) e~/ =/t
E, = j2nHy(A/2.) sin (mnx/a) e~ @n/10
| © 1 =EJH, = n/T— (/A o
[ Transmission-line equivalent consists of V«— E,, I+> H,, Z, <> #,, and
il Vp € Vps.
6.7(3 b) V(z) = e~ WDer[ Jel1/2VaT—307uGs z | Be-(1/2Va—T0tE8ez |

=R (1/2)az
Iz) =¢ [ — @ = AT G ) Ae /T T

ja)£
+ 7(a + A/ — 4@2E ) Be (/Y30 ECaz]
f;; = a/47Zv aeoeo
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6.77.
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6.81.
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6.93,

540 Answers to Odd-Numbered Problems

Frequency o, nepers/m B, rad/m 1], ohms A, m
100 MHz 0.0211 18.73 424 0.3354
10 KHz 2n x 10-3 2 X 1073 (1 +j)2=n 1000

(@) E.(d) = Eter + Egev
Ad) = —ﬁ[E;eV“ — Eze %]

(@ ‘;_;’ = —[2®, + j (2L, + £)i(2)

o g +ioope
®) 7 = 2R, +J08, + IS +/0e)

7, = [ [000 T D)

G +joc
© V289
(b) 1824.42, 4175.58, 7824.42 MHz
(@) fi1,0,1 = 5303.4 MHz, f5 6,1 = fi,0,2 = 8385.4 MHz, f, o,. = 10606.5 MHz.

(b) E =E, sm—sm% é
- |
I?xz—%%smn cos% 1

H, —j]iicosnxsmnz
7 2a d
0= nodn (a2 + d2)3/2
T4 (@ +d?)
56.3°

For currents equal in magnitude and phase: (a) linearly polarized in the z derCth]q
(b) linearly polarized in the x direction, (c) linearly polarized parallel to the vecthr
(i, + 1i.), and (d) linearly polarized parallel to the vector (—i, + i, — 3i.). L

For currents equal in magnitude but different in phase by 7/2: (a) linearly polarlze sd
in the z direction, (b) linearly polarized in the x direction, (c) circularly polariz {,d
normal to the y axis, and (d) elliptically polarized with major axis along i, arld

|
'1

minor axis along (i, — i,) and with the ratio of the major to the minor axis equjs]
to./2.
(a) I,(¢t) = I, cos wt, I,(t) = —1I, cos wt, where Iy = @0 Q.
U Qo(d)? cos R P
®) A= 47ty (]v + r)ej ke
= Qod)?sinfcosOr/w\? .3 (@ 60 | .67 s
© & = ~QUERECRBI(Q) — i (5) — o +imw e
+ Qod)?(Bcos?§ — 1) 30 .37 o
qmer? [(’U) +——_]r7:|ej tr
~ _ 0Qyd)?sin@cosf] [ 30 | 37 e
H = 47y [ (v) +]v_r+r2]ej I
= Q2w sin 0 cos @ oJor/vj
@ E= anéro’ o
~ _ Qo(d)?w?sin @ cos § R
- 47enro’ ¢
cos? [(m/2) cos 0] ,
© Un= sin2 @ j






