







































































































































































































































































P10-26 a) from Table f0-2 on p. 495 it is sean that £ 0
for TE, mode , which is the dominant mode.

From Eg. (10-142):

f‘an -’5-" /u , for kyd<<1.

Nag/cdl'ng the o« fOrrn in 57. (/0-/2‘).
B W 6= 4t &0 — AW [a1E,=k,.
From Eg.(10-124): k= wip ey~ p" = ki -k,
o 2 vg/'j—(k:, -k}). ‘
b) d=sa107m), €, =3¢€,, pg=p,, F =3x10" (Hz), ky=2m.
L 1iCe,~1)=0197 (Np/m).
0036y, aly-¢)=1. '
— (y-4) =506 (m.

P10-27 Use E,, (1o~ 426)and (fo-42¢):
H =-2A %’-)’,& El = lfff
Hy,3; f)=aa[ﬂ°(y) it pa)]
E(y2;¢) =l [Etyy e# o PD)]
Iyl € d/2:
H;(y)- H,cos k,y —Hly,3;8)=4, uxlsycos(af,z)
H; (y)= é& H'I:'nk’y H (x,x;¢)=- A sink y $in(wtA2)
£, ly)= }_“Z& Hsinkyy — g(l-,l,l)"-&‘”.!‘mk,yhn(dl -42)
Y2d/a:
H,ty)=H, us(ﬁr)c b /{(78,!)'}‘“!{%’) 76 e os (wt- -A3)
H, (y)--uﬂ ca(%!)c o) —= H,0,2;0)- e-llcus(é._)c ("f’xm(‘,g.,,)

£ S (b D £ 1) Lk cor (W i)
y<-d/z2:

H ) =Hyeos(bd)e "D —— B ty2;8)= Hcos(58) &0 Deasut g
;.[ (y)= ?&cn{—l‘-‘){("ﬂ —H (y,:,!)--ék cos(y)e" i (k- A2)
E! (y).tﬂ"n‘w{-!‘-')e“”ﬂ —= Eait)- L H e !:‘L’)c“"f’m(uﬂ,;
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Satting y=d/z in £' (y) = MH sink,y and
in £y - 2 , cos (Mgd) € “o-)
and @quating , we obtain
:f(‘)-‘*—“m Hy sin (S = - 22504, cor (52)

-k—; =L cot(—"li)

P1o-28 a) 0dd TM and even TE modes are the propagal-
ing modes. lsing 2d for d in the formulas in
Table 10-2, p.43s, we have

= n-t for 0odd TM modes
- ——n-% for even TE modes
jé" 2d v Hd€ad M€y o
6) For odd TM modes —-—fm,,, £7‘ (10-127bandc):
lyled/fa. £ (y)'-?éfco:&
H (y)= ¢-“-’£‘E cosk,y .

Surf. current da nsify:’n conductor J <a, * F |
T=-a Hw=-g B,
Seerd. clnu,c Jcanly on conductor f =a, D'
J AR N3 w)--iA-:
For even TE modes — From problcm P J0-27 :
lyéd. H Cy)'-“gé sink,y
E} ()= J—#‘H sink,y
H ()= H, cos k,y

ys0

T, -ny[ayﬂ,_lo)*%ﬂ:(oﬂ-&; H,
h=a, g E()=0.

£10-29 From Eg.(10-150): f....,‘z:./ (z'!).’(f‘)“(‘y '

f”n, - ,.5*/0'.F(m,”,f) , F(ﬂh,,). (_;9‘4. (a‘oég)‘.
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Lowest- order modes and resonant fnguwiu-‘

- Modes Flmnp) | (f),, inlk)
T™,, 0.20%3 3.125x /0"
TE o0 0.2153 3.53¢x /0"
TE,,, 0.2603 3.905 /0"
7E,, T™,, 0.2888 4.332x00'
™,,, 0.3005 4.507 x10
TE,qs 0.3202 4.902 210’
TMys0 0.3560 S.340 x/0"
TE,, ™, | 0-3609 5.414200"
TEqyy, 0.3387 | S 831210
TE,0, TMy,|  0-4083 6.126510"

P10-30 a) Since d>as>b, the lowest-order resenant

mode s Tf(o: meode .

Sr= ) Et = 450221007 (W),
8) From [ (fo0- I‘l)
M f 1o ligabd (a'+ d*) ' D= /—n[:,'e,' 5
Qlol R [2b(a’ d*)+ ad(a? *d')j “;Q, )
- JUn,'iujr abd(a’t d*)
2b(a’+dVD+ad(a+dY

=$(969 .
From £gs. (10-156a) and (10-156b):
W= 4 & 18 a’bd £ H) =0.07728 x10" (3)
Wiy = A2 abd(d,f 1)H} =0.07728210""2(7) = W, .

P fo- u !
 10-31 a.)(fm)“- /) ke L&~ —(fm)c. =3.037x10" (Hy).

b) ("M)q (; )'Ic (Qm) =S5462.

) (W,)" (W.)"- 0.07728510(J) =0.07728 (pJ)

= (Wa), -
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P1o-32 @) Q = I uiflg abdia’+dy
101 256 (a’+ d’)iad(a‘-od')

For a=d=1.3b, f = zr“" Lok - 1.179 *10"Cf)
Qma 10.22feb .

b) For Q,=120Q,, , b'=110'b=144b.

P10-33 (I) From tha field configurations in the cavity we
sea that the TM,, mode with respect fo 2 is the

"o

:amc as the TE,,, mode with respect to y. Thus,

()., can be obtained from (@, ) in Eq.(10-161)
by changing btod and d to b.
or, (X) Q for the TM,,, mode can be derived from the
field expressions in Egs. (10-149a,d ande) by
selting manzi, and using £g. (10-15%).

we s S SE)esasl 4
,i =le/j./m‘d: =ff/l7,l’l‘ds
aﬂ! {{Y‘/%‘tﬂ)"dydz *[?‘IH;‘Y‘Q)I‘J:LJ:
+J ‘/'[/u,(uo;/a + [Hy (320l ] dxdy]
(ww £} {# {-a'— bd+#(.5'_ lﬂd*}tab}’
hx-(_g-)l+ %’- 2

- LW _mg.au(a ) .
Qus A R [2d(a* ')+ ab (a*+pY)] ’ k"l‘_hg'&‘

Pro-34 c..«aa,. £ra

d

Aih(L)
a) f= _.______'___,___
zw/z? majue /3, (2)

b) Aﬂm-wa%.
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Chapter 11

Pe1-1 Maxwells eguations for simple media:

9
VXl =-p a}t{ _ @
PxH=T + e-:—% ®
V-E=4 ®
V-H=0 @®
a) Tx@®: TxE f--/u—-(vx/-[)
at'
But OxoxE=0(v- 5) - F
- ?Gf—E‘E
Co‘mbfnin_q ®and ®,we obtarn
G IE a7
VIE-pes=E0P +u ST
b) Srm:/ar/y,wcﬁavc V'ﬂ-/ue Ttl’i =-0Ux7.
PI1-2 Eq (11-2): E=-BV-50A =3 E +3 L, + 3 E,.
E‘ = - —‘ -}wA The ¢xpr¢niom' of A‘,A..
E,=- R” -jwA, and Ay are given in £gs.

-_ OV _ (11-14a,6,and c).
L YT ?‘"A¢

! P gl Ko
T V== ame, [ 2

R, R -}fdlcosd
R% R 4-Ldlcou
L@ a-;{-, (de)' << R

iR (dtcosadt ~INdecors)s
Ve B [n e fenn e - fren ]

- _Te iR [2}”3 n(ﬂi‘ﬂ)#l{ﬂcuo)wx(ﬁ——‘g!)]

4we am'

x IcJ/l [ R(gamo),a“,,]

4me )up

-
- St (= 5p)e
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Using Ay, A, Ay, and V in £ £, and £y, we
obtain the same resulis as givan in Egs. (11-160,5,4¢).
P11-3

a) - .I } e.j‘,' -

L2 f € de’

A 4111 i R,.)"‘ "
- ﬁ’— ARl @ Y =
rr } &4

An /%"l R [('4- ,',g)} %{’

/ Y '#‘f‘“"]
5 ~ $dir=o.
dL df 4 d2 Jdr’
[T SRt
k,‘-—k'# r-2R.F

R =3, Rs3in0cosd +a,Rsin0sing +3a,R cosd

i'ax"* 521 ’ A-"—'"Q"’fnow.t‘#ké-!:inoﬁmf
a Ll . ,
2R [I IS ER‘E]- -&L([f -}:mousf-}:é.;,;,,.,;,w)

) . di’ _ o ) Py )
,é‘;_‘ e /‘(/':AR?[‘ -R—‘;-q.%ﬁ/‘(hm) 2 4,//. (1+ Fsinocospe Lsinvsing)dx

=3 4:.2'3' ¢";“(/q',u) i"(' Ly ?ll.ﬁnnin é)
In the same manner, we have

1 ;opk,, . i a v
AP L )l L e a L M 1jp0) L (1,- Skt sinosing)
B T TR

':: R, ‘-a:t ‘L—."R' ¢7/‘(/¢j,ck)lxly Sin 6singd

. d'r - i )
'?m.‘/ﬁ—é - a,‘é%%. (F(l*)fk)[.,t,h'na cosé
Let ma 1[,;‘,’ =I5

A= G

an

d »
i

e (1*58R)3in6 (-& sind+ a,cosd)
=8y Ge M ipsing.

] - L = a
C) /1 L VXA a, H‘ +a,H, £xpr¢nion: for )I" H',
5)5-7‘%’.6;,‘7: dyEy and £y same as those
5 ven'
_9/V¢n wm %‘- (//’1‘0'612‘).
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In the far zone , R >>1, l/fj/ak)' and ‘/(j,&k)’ ferms
can be neglected. We have the Following instantansous
expressions; a.:;uming ((t)mIcos wit.

A (Re;t)= -a' *g‘%’:mo $in (wt /g)

E (re;t)= -A::__p:mo cos (wt - pR)

H(R,0;¢) "'a‘ 4"’}1 ﬁ‘;.’no Cos (wt-pR),

P11-4 Far- zon¢ electric fiald of elemental electric dipole:
348
£ (R)'} ( < )7"3::;-0 —£(RY)=- —'-M'-!-(L)«""/"“/‘)

For the C/CMCMA’ magnetic d olc

4 "R
a)Thus, z'(lft) £g (R,¢)
’ T sin @ in® \}
( 3 ( 4R ) (L'-.!)
L ———£; ptic /’o/a rization.
8 Circular ,oo/arizaﬁon 1 L=2ns/A .
Pit-s a) £,~- $ing a/l (’ Itl ¢’f’““dz
-; 2” :m. -)/‘j ( 1- -)ar(/ztuo)dz
e MR
-1 b) s e Feo)
. , H -t -L—L— e )"
-A ‘R, =R-zcos0% t 7 (Bh)2mR £,
s F(0) = sinol1- a:(ﬂ.cou))
cct'o

In case ﬁ},((} CO!(/')CO‘.)‘ I-3 (/bcuo)", and
Fo)= £ )'m.o
£, = ?_9&': ‘J’l(!’h‘”,‘)_ 130 84 1,6 sine
Hy= 230 ¢ (4 phsing) = 2B 1 /PR sine.
) W, = —f_/ £ ”‘ R'sine ded¢ = z1[807!‘(-&'-)]

p=We/(430) = 207 (%)

c) R 47 /Emaxl - wt.§ — 10log D=1.7% (c'8).
P [ ! /f,lo)/'ﬁnodd#. [ sin'sde e
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Pl1-é¢  2h,(0)= sinoj";;n/o (h-131) eP*C% %y,
= I[C”@hcaro)-c“;b]

/:lno ;
~a) For half-wave dipole, h=2r/s, Ah=n/2.

2 ¥ cos0)
2;,‘(.).._0%%%_.

b) For maximom 2/.,‘“). Set a‘%/,.(o)-o — 9 =902
Max. 2h,(9) =2h,(90°0r270) = & & =(F)F=007(
P11-7 -f(; T’}‘“‘//Z' H R*sinedodp
o (1d2) o0
Fow AN gall-in iy e 1)
_/ sin’e de
& [3011‘(1‘)'] fame as [9_ (19-37)
9 Pl1-8 From [93. (11-27a) and (11-275):
ARy
[ - w(-iﬂ—-:-)ﬁ.hn ()
H--—/—"'-!'(‘:”)/asino

¢ 4m)
W, = Ld‘// (-£, I/‘)R'::‘nododf-{zl.'),w,,c(:\.g
- A (—1'/_5 320m* ()

a) Circular Ioo’ of radiusb: R =320 n‘{‘)f:zou‘{"’
. b) Rectangular /u, of side lﬁandl. R =320 774( )

Ll cas (AhCos0)-cos BA
Q’Z P11-9 F(o)=

3’'no

T @) 2has252 /r(q./ﬂleawﬂﬂ)l |6) 2hman, [p(.)’.l_&‘%!i_"“_’:!

W

93



PiiI-10 a) £ =£ os-lfl-ij»u"“

-(1+ .;’d cos0)
= &;I_b_zf c’J”{"#“")f(q

where

F(8)= s5in @ cos (7%5' cos ).

0 ~ R b‘*/
™\ ~ e
N o2
l/ \
-~ N

Pi1-11

From Eg (11~198):
£ M_M e‘i/a.-d (nO)

¥ 4mR, 3in¥
o dTadlyf ;ipQRdend .
e n
ey % 4n if Sin¥.

E-E *E

)_llﬂ.% I "J.lmlfdtno).lmr
s} 2o (‘%)7 ﬁSmg‘JWO)/ /-Sm'*:m (]

. EV- a.[. *a, [¢4= —/T.__-_;.;L.—Tﬁ(a.cnO:mff a'mf)

a) In the xy-plane, 6= 90°, f;’ (o, 4)=0.

b) In the xz-plane, ¢=0°, Ey=-£ ,I&,(Oﬂ-lsin(/dcuo)l
c) In the yz-plane, ¢= 90; E,=-E,, [Fy L (0)]=[cose :ingcdcuo)l .
d) d=A/a, pd=J/2: 1

IE, =fsinlFessol] 1F, ol =Jcoso sin (Feosd]
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. . _ TEat, L e ¥, where
112 Figom Eg. Si-31). L~ “i‘"j*‘j AR R

. B e
in ¢he H-‘)Ianc ofF =2 t:':‘,x 2, &4, r(i'; Pimi.
A el
a)d-%.g.% : é)&-—;}:o };l-'r ';i
1£($)] = co:[-}(lnn‘ﬂ [fw)la{:::,{{(u:O*T

L11-13 a) Relative excitation ampitudes: 1:4:6:4:1.
b) Array factor: [A($)/ '/“’("}“’ ¢)l‘

¢) cos(Xcosd) =(z)"*
— ¢ =74.9¢"
Hai$-power beamwidsh
=2 (90" 74.%¢")
L A = 30.29°
For um'fo(rm ar;-o. , from fy,( 11-62) :
1 | sin(%%es 1 o
?/ Sin(Ecesy) Iy'iz"' = $=79.4
Half - power beamwidth for 5-element uniferm array
with NMa spacing = 2(90%79.6/°) =20,78°

Pr1-18 @) fremLg (11-62) for Nus2: |[aw]= 7%’ 'L_s:':(‘#/!:)': ’ '
HAwN
1

|
.|
L
|
|

¢
26q o~




b) Broadside Operation. Y = pdcos ?.
laop] = - | 30008 5 | SBX | Loy,
where x = NY/2.

AI ha”"POWC" POI'D*S.' l.&:’i’ - -!—- — X -,39/

(¥or both bmdudclcnd&rc operationy
FOI' broadside opcrd:on Hhe bnlf-ﬁowu' 5¢¢ummdﬂ,
S (248),,0.5%6 () (rad)
=$0.75 (_-) (deg)
For N=12, (2484),=4. 13( 2) (dey.)
Fro_m fy. (17-65): (24 f), 9.5% (—a'-\-) (deg)
&) Endfire Operation. ¥ =pd(cos¢-1)
(24}),,‘- 1. uz/;‘; (rad.) = fo7. :/ 2 (deg)
For N=12, (248),,=31.13/3 (deg)
From Eg (11-6¢): (249),= 46.78 /% (deg)
EI._I:!; sin(N¥ /2 sinX <N
1A = /T;-(_V'%;%/gl X I, where X .?\f
Assume broadside operation: ¥ =pdcos8.

47 AW maxl’
. / /ﬁy /.cmxly”d.d#
JAP) ] =1,
/ /’"”"""!7\1}7//_""'x ‘/X’Nlu(z' Nd

D= 3:d x 2'- » where L= array length.

Pre-16 Corufruch'on follows the steps outlinedon pp. §25-526.
i L . Bisaft§a-L.

Radius of ¢ircle is
palE T
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17 £ (11-43):
P11-17 From 601..'1. , cos(ces0) NA,N)A,(‘;»)I

Sin®

where A, Iﬂ_{ﬂ_l ,&-,%‘-’itino cosd;

x Sinl¥/2)
v
o3 (T ces0) "”("— )Sm )
IFad)l 3 NN e _” sin () sin( )
P11-18 From Eq.(11-77): P, =A@, . 0]

Consider an elamental elactric ( Hertzian)dipola of langth
dA in the field of an incident plane wave with an electric

Inf(nsi}y E‘.. ¢ __ITEc_L’ 0}

Maximum power /s absorbed 5’ the load if zZ=- Z: .
=L 1110 = L] (E;d0)
A =512 {-(75‘,—5: R = — 40— ®

Conbimng @ @ and @, we have
Ay = L et = 32 apt }
From E, (14-39): R ngow ( J")‘
From p.stt, D= G.(r") i-——c- g -z%-

P11-19 From fy_ (11-99): -;P:- - %F‘)‘G.,G” .‘

@) For half-wave dipoles: Go=G,y=1.64
F=3510° (Hs), Awmec/p =it (m), ret5x10%(m).
F= 757210 P = 7.57x/0"7 (W) = 0.757 (uw).

b) For Hertzian dipoles : G,,=Gp,=1.5
P=o04é13 ),

-3 22
A‘ lrr)“

Lir20 Lot P, = Power Intercepted by the target.

P AG P MGy . 4n ‘
@) Fmlhh PAE G R ARG
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B %
’. (enriy’ .
b) Incident power density at the target, B~ -35G,.

anr
Power scatterad by the target in the d"“"""

of the antenna, P, =F.A, G~ 0‘
S, = fe “‘!)\—?'Ar

(f' 3,3
‘ L S, GaA
From the result of part a): —5:-- _(:_,,‘)7;7
I(z)= I c’,’
a) fo gt [LLET

=41r R

In the -far Zone,
R & R-%cos8.

A(R 0)=a M/ ';/z(l-cua)dz

=3, Ll et

where F(p)= nn[’:_i':“: 2.

8) Ap=A, coso, A=-A, :mo,A,-o.

=L oxE wg A A
A 9ok 3, [ e taa) - 2]

In I-hafar-zonc,kig—’:loc L . ”"“47:%.:4(“)

Her,0)~3, -2&"1.% ¢RI LU-cosOf] L o 0

E®r o=z, 7, H(R.6).

¢

) Radiation pattern
o for L=Ar/2:
\ ~~—Plot of [F(e)sine]

&)
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P 11-22 From Eg. (11-97)):
F (e, ¢)=j/ f(l,y)c"""’(z‘“’"""”d 'd ,

a) In the xz-planc. $=0°:
F (‘) b./ f(x) ¢?/X ’lh’d

-nlz

= ij (l- —-x)tu(/ﬂx sin8)dx’

= aj L._C%.—(é_:‘l_h:l Let lﬁ-;‘;%«'n‘sge.ﬁnq
( 2 Smﬂ) :

ab intwa) 1
5‘2(.,._.[3_1_4)_}.

2 | " (wi2)
b) Set [sinwm ] o+ __ _ ¥ _
Wiy | =T 2 =loos.

Ha If -Powcr 6camw:'dfl, (2 a8),, -2::'»"(0.640 2—)
For A/a <<I, (246)y, 272802 (rad)
=73.3% (deg).
c) Set % = —@, = s:’n"(%) & 3;*; (rad)

= 17662 (deg).
d) /'-frsf'-:ldclobc level: L =-20 Io’ ( ) =26.9 (48).

Uniform Distr. | Triangular Distr.

Pattern SinW ab %L)‘
Functien ab V) 2

Half-power A N
beamwidth S0z (dsg) 73.3 5 (deg)
Locatien of A x

fiest null §7.3G (deg 114.6 7 (deg)
First-sided

lobe level 13.3 (ds) 26.9 (d8)

P”'ZJ Q) In the xz-p/nnc ¢a0
£ 0)=2b j Cos(XX) cos (/z':in Qdx’
- zaﬁ m/2)' cosy ]

m/2))-v?

an- 'i‘—.fin‘_
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