














































































































































































R10-24 FrDm E,. (ID-fJ~):
(~d) __ :: (kr/~c",(ltlJ~

U~""9 H.c nofafrDfI& in prob/£m ~ 1D-1.3 , we ohfAln Avo

a,uo:lions (rt'tn CD i" ~ ID-J3 And e above:

lx: ". yl. R'

y- -AX CDfX

R. - O.D7SR. - D.OJ/4

4) f:ll2 1(10' (Hal, A-I.S(m) I bJf-r./fJ'(Hz), A-O.60(m)

A=-O.JDf I A-o.Jor
I
I

rIJ.,.., Qrc no lnfars.c"''-1Ht1 .fQr curves repr.~cn.j.,"',

E,~. 0 dnd ®; h.l1ce «van 7Af ""OJ., c/o not exist at
flte !J1\lcn f,..,u.ncic,.

P./~-lS Usc "r (1D-1.Jd) and (lo-ZJa,J ..

£" _-M ~E;. N". iwc ~.
~ At ~y ~ h" 1
Ely, zit) -1I..[i.cy) .ir"" -} 2' ]
iI(y,z;,) - A [ii"I.'I) ..JC6lt-,IZ)1.

Iytl: J/L:

£:C1)-£. Cos lryY - £.Iy,%;t,- £.co'kyyc.os{wt-}z.)

s;(1)"'1:.t, sinlyY - £,('/,z;tJ-- 'I:. r.SinkyY.J·;' (IJt-}~)
y 7

II:(y)-- ~Z:~£.s"nJr"y- H1I (r,2;tJ-1;I£. s.itllyY~""(6It-Jz)

Y~d/l. :

£:(y).E. COl(¥)ifC(J-I)--£.cY.Z;f)-E.cos(¥Ji"(Y-tJCo, (ilJt-p.,
l;(1)C-.~£.C"{¥)i~-~ - £y(1,Z;t).IC.,.,{¥Jc-Cy-f JSilt (flJt-p.)

U:(y)-l!fliE. ,0'(¥Ji"-J -It. (r,&;I). - !J?£,c.,{¥Ji4 f1-fJ.,."(utjl ~
Y~-dlz :

t;CY)a £.'01(!f).Oftr1J -£i'/,Z;t) -E. ,ut¥J•.,ty·tl,OI(",t~ s)

£;(Y)·lIC.t.s(¥J."i¥~~J - [y('";t'·-IE.cos(+"J,,·~iJIiI) (tJt -}Z,

I(Cy). - i:~£.'01(¥)e"Cyf tJ- 11"(,,.j t).~E.CO.{¥),"ey.f~ in(wti'z



".10-1' a.) ~,.om TaJ,l. 10-2. On /J.4'" if ;S &CII" fhJ Ie. D

lor TE, mode J fNhi~h is fb. clom,'nanf "'DJ•.

F1"0". £". (l0-14Z):
aC ..~ It fdn~~ P.tl /ca {or kyJ«f.

rd Y 2. 2PII 1 •

Neg/eel-in, 1J,(l e(1 I-rrrt in E1- (11}-/2'):

p1_ CoIf.'., E.- .a.. 0 - ~ ~ tAI)P.E.... Jc., .

From £9, (10-114): k;- IoIjucrEcI-"· ~ Ie; -Jc;
at a 1~... (.(.~ -Ie;"

h) d-s_/o·J
( ",. " -(.I -3•• ~ JlJ-p" f =JxID' eUs), k.~2".

• CIC - f k"J (e; -I). (J. i97 (Nf>lm).

~-.c(y-1):g 0.3'1' ~ fIl(y-f) - f ..

- (y - t>::or r,o,~ (".).

p. (0-27 UJ& £,s. (fo-f.lh)eu.J (fo-,Zc):

II. • • - iA. ~N: I r' _ -~~ ·
y h' ;)1 ~ h' ~1

HCy.ls; I):.a. [ji.'yJ c.i(..f~2)]

l. (y,2:jt)-tR... [£'Cl).J.'''''-)Z)J.
Iy/ ~~/l;

H;(y)- II.c.o,1ey y -H.Cy.z;t)-U.uslt,ycOJ(rJtjz)

H; (1)· 1;He Si,.11, y -- Hy(.,.jf).-~S;.J.,.yj';,,("",..)

s; (y)'" JW/iJ II. .,;.II,y - £".c.....;I)·- I, Jl.li"9s;n(fl f j zJ

y ~ ell1- :
H;(y).U.co,(¥)i (r-tJ

_ ~C~.;f)-~CfJ (¥J,,·~"fJc"("'-I.)

H; (y).-ijH.c..{¥) ty-I) - UyCY,Sjf)- ~~c.,.(¥)i4f1-IJ.,;.("'i~)
c:(y) - -~H.t:os(¥J•..c,.tJ- C"(1..;1)- "'!'''-.c.'(¥)a-#lfrf's,',.(.n~)
y ~ - cll1. :

H:(1).I4,os(¥)...(~tJ • N.(y,s;f)-II".,O.(¥).lfey·l)eos(wI-}rJ

H' (y). fH.ctl(¥)c~"·~)- "yCY.I;O--&H.ce'(¥)e.,r.,.f>.s;"{"'"}JJ
~ (y)-¥H.tor(¥Jt"(r+IJ - ~b~ll;f)--~U.C..(¥>&.fJ.s""("';h).

"



.Ittllt'", y_ d/~ i" £-(y) - i~JIt H.slnkyY tlJrtl
• "'y

ire £:(,/) __ ~H.,•• (¥)~·fI(y·t)
and .9 U G ' '''' , I wa oIJI.""

l~Il-~ II s· (l. J\ __ ~II Cos(~)
,.\1'- Ie ". In TJ ' II( If. J

Y
.!!- =_b. cot( lert/. \ .
Jc~ P4 z I

~ lO-Z, 4) Odd TM and even T£ modes are fAa prDpG!J41­

in~ mocJcl. Lh,en, JJ lor d i" the lormu/Gs"""

7Q~/. 10-2 , '.4". woe Aav.

Ic. = 2 ./ ,,-, F.,. otld 1M m.J••
eI j-IdcfI-P.••

f. - n - t 10, ."." FE mfHI.s.
ceo 2d Jp4l~d-,u.4.

6) For oad 1M moJa. - Fro", £"s.(fO./J.U 4ItJc.):

• .i.AJyll!d/tJ. £YCY)---'v £.COJ~Y. . ~
H. ('f). ~wJc/E. c.os Icyy.

S U'/. CMrr.n/- d. "sily on C"M/CAe"'" 1. I: 4 l' if I
• " yao

~ • - 4s U:<,)c·aait;e, ·
S..,,.I. clt.,.,a J..".;ly 0" c."J~~/or1; • 4'"· Dfya.

I, • ~cI E"{fJ)- - ~..... £. ·
y

Fo,. ~v.n T£ ,"GJ.t - Fro," probl_". ~ 10-21 :

Iy 4 J. H;(y) • .if ~ J""~Y. ..~~E. (y) - *t-H• J,·n!t,Y. .,
Ha Cy) & H. (.J Je,y .

.r. - i y 1114y H;'IJ' +.. Ii:(tliJ • 4. H.

~-Q1·~dl(o)-o.

P'IO-11 FrD", £" (fD-'~O): 1""'1 "" ; j(':J~ (ff+(.y·
f".", -IS It/D'·F(m,,",I), F(,...",,>-I(fJ&"'{-n~ma.

'7



MoJ., F l,",,,,,~) .(~>.-, itt(JI.)

TM". 0.11>13 3.'lS.'O'

7£'0. 0.21S' l.SJI./O'

T E." 0-1'DJ J.'10$'/o'

7E"/~TMH' O.J", 4.3J1-/0'

TM"o O.Joo, 4.!07ICttl

T£~.f '.Jl01 4..0~ ~'o·

7M,UJ D. J r'o S.J~O ./0'

T£I.,,,T~1f D.)'09 s. 4.14 -10'
TEo" O.I", s.•J f ./0'

TE,a" TM", (J.4o'J '.12~~'ot

P 10-JO a.) S l"c« d » A> b ) Me 1(JlAlcsf-tJrJ.r ruo~f­

mode. is TEl", meel•.

L =: ~ I' , A " (H ).J,o, T At + d& - ",.,OJ, • 10 s .

h) {rom £,- (Io-I"):

7f/",p.,a6d (a
l
+ Jl) " Il -/Jrl'i' ~0.,.,- Rs [ 2 j, ( QJ+d ' H AJ(tIIl+d1lj \. ;

.. JJr4 ,,P....'J(AJ.,.Ja) -,,,.,
~h(A'+d')"Ad(oa"d&) .

FroM E, s . (fD-ISl.tI.) And (ID-,,'6):

We - : ".P: a J hdf;' U: -D.071l' "(J·n (1)

WIll os *' a.6d (fa+I) H: - O.(J172' ./O·,J(:J) - Wa .

~/D-Jt 4)(.l ) - .!!elL". .L. • -' (f; ) -] OJ1./o' (II:)-- T,., C'~ 2 4" d& Ji; Ie, c.· & •

6) (Q,.,\, - (~:)". (Q'M)*. - $"'2.
c) (\>\'e)*.t- {W.}~. tJ.D771,dO·lI l ]J -D.D71U (,,:1)

- (W.~J.

,.



P'IO-32 4) Q. _ ; 711,..& .- aAJ (4'", d'J
--- ,., 26 (a'.dJ) ., o.cJ(a ' ., d 'J

For' A-J-f.,b. 1. - ~/L+.!. ... ,.1791t'O'{fb')I.' Z'"u.'_ at d'
Q.,..~ lo.az/rb .

b) fo, Q;',~ I.ZDQ,., t J,'.,.JQJj, -1.440.

R ItJ-JJ (1) FrD"t t/'. ,,..IJ Cllnli!JUTAfillnl I·n M. cAvify we
s•• 'IItAf .,.11. 1M /l'toJ. with r.'pcc.f fo % is II,.".SAme 4.1 +It~ T£ Mod. wi/"h r.sp.c.+ I.y. 11.1.11,., ~

(Q,'I.~ CQn he ohlo.in.J ,,.om (Q,.,),1. in E". ((0-//,1)

6y chan,'-"g b 1-0 d G'JJ d 10 b.
or, (~) Q for I-h. 1M". ,"ode C.An h. J"r;v.J Ir~m +~

field I.prescio"$ in 4 s- (l.o-/ffA,d. onJ.) by
sclli", ",. PI: I J ont:l us,·ng £9. (ID-IS~).

W -ZW",· i'-{';,f!)a.J,d£,' at ~,•.

~ =i /1 i,rll• cis =J1 tNtI'll, tis

..~ {lj'tHyta-o)/J<lyqS +11/H.cyd)/JJ1LdS.. ...".£1-[IH.C~=O)r+ /Hycs.o>r] c1xdy}

- t (";;1)£: {~a (:.r"" + ~a r-:Ja,.d+:faJ,} ,
h'-(-ff+(})'-

,.. ~,.w 11{".j,I,4J,d (4'...I) 1"It
~".- --;;-- - n r. ., L Ll' Il,. 41'& .'L ft$ 1.1 d (tl. "b ).,. G., (Q' .../II)J a:

~/(J-J4 c- Q •. C7f4
1

d d

L"1~ln(:)

4)f' ,
• z,,/LC • """F/~ln(t)

it) A- f/pc - "'11J~lnifaJ'

"



C h a.pf.,r If

Po f1-1 Mo.)tweIJ~ tJ1L1Gl-ions 10,... ~i,"ple m.~J;a.:

V X e - -p 'IN CD
~t _

V IC ii = f of ~ :~ ®
ve£_L ®

E
V·H==O (9

4) VIC ([): VJt fhl.l- -}-t; (filcH)
c:: -u.,7 -Ll.£ ~'E ®

r: ~t r: ~t'

Buf fi X V 1( E ~ ~(v·l) - ~~i
~ ~ uf-Vl £ @

(""",-tti"9 ® and ® ~ we. OM4"n

VI.E.-~€ ~E .Lf'jp.,..n ~I_
,. ~t· • .J r: ~t

b) S;/ftiltvly,we"Avc vlR-}J~ :~4 =-Vxl.

P'11-2 £, (ff-2): r III - VV-jwA' -a,,~ +~E.""~~.

E.. III - :~ - jwA" The cwp,"cm;lns J AA,A,.
£ __ ..lY.. _ iwA and A... ar« .gIven in £~_
• R~'" , y

£ • _ IV _ }t.)A (11-14 Q, II.. and el
~ Rj;ft'~ '.~. ..

1· -,• ..- Q. [e-j}4 c·jPJ".. v-- -----
4"'.'~ R_

R a R. - 1. til. (OJ'.,. 2

R_a R .. fdleor.
Q - -j;;; , (111.)' -< ( fl.' .

V ~ .: (,..;~" -4 '(II + ,,/c.,vl)(dltM~(A_rc.,,)iJ1filr.'NJl
"'*follA) A. L~

_ ~c"i}A rl ells,.-.llcUeor.l"Z(tfI.c.,.leos"ac.",7
4"'~.iIAlIl'l ~ J, "\7 ~ 1 .J 7 (~ 2 1J

:! zf,-.JI- {z eR ( I f11 e••• ,,. J,J,.s.l
4"~.)·AJ/lll·) r Z 'I :J

- ~~';'7JolR ~ k)e-J1
A

•
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%

J «r-».
J.~ _jB. #of ~F #oj ~~ ~f1/ .

X T~, M Il, c.' ~ r DA I

III _ /l.'., ,.' - 2 i ·r
I ~

K := Qa !l$;rte CGstI·-f iyRJin.6in4 ..,. 4z RC.OJ'

F - a." l' c1). -7. X·;: -Il Ie l;n.Ci)s."R.?S;"~Sill+

i; a i-[, ,. 'ill- f (I ~ f Ii,.. t:.J~'" kSilleSin~)
.l.~

s.~·Jp(l#j.lf.)fcli'.ci~ijJl(14~.)1./ (1-1 -fSilf.~S;I~s"IJI>J"IJ;)"~
4" I' ~a R. • .,.. "7" R" ~-., '..12

-ii ~f,-;~''';~'').!..(-L- ':I:z.sin.Ji,,;'
~ 4" r: Il. )I ll.. 'J

1" f),. so".. manner, wc/tG"4

tMii!'h.J'}I.) (!Ii: - Q.N .i}I(I-#~)IdL -~ S,it,s;n~).,,, 'J R,"'" ~ II ~
~. .

. ". ~;c·iP(14i)~1. ~--~ *'~ i J
}A( I#j ) II.)'-xLy l '-" , s'-"i

and -.c.

~ c-i'''lt?/d1 !If- Q {'~a i'!AO-#jJA)/.}ILySi ll lJ COli

·b' ,
LeI- m::a 1.L.Ly • IS.

A = i:r~ c·~A('+i,A~.J;n.(-a.,s"n~+a,.C4I.)
-...&.!!!... -;,A. ·=4_ 4trl! £ (I"J'A.)~"" , .

c) if- ~v. A a=. aA H.. + 4. "-" E~pr.sl;"n.slor 1ft. H••
h) l - j:"" V JI H - 4~£. . o.nd Etl So",,, dS IhOJfl

-. !Jiven /n ~.{lf-l.'a,~"cJ

9/



.In !he fa" %on& I IR.. »f, I/f;)/l.t a.ncl IJ{J)VI f.,.",.
can he ntlg'a clad. We ha...ve fhe .follow/it!! "nJftflnl.nMlul

exprcsslons j Cl-ss um il1' i (-t)-L ~os l.t>t:

A lll••;t)- -4,~}Sin.sinl,.,t""jl.)

£. lA.,";t>- a, "'J;; ~s"n" co. (tdt-}A.)

H(R,.;f) --a. 4";,A p"s;". C~J(lJt-111.).



S
21. (,)- sin' JAs i n A {J._/2/)e~cos·d%

• -It r
_ 2. (c.s(~Ac.s.J-C4$1hJ
- F) sill. » •

-a) For hQ/+-WI!J.vc c/ipDI., iJ.. A/4, "11-"/2.
Z h (,) _ 1 CIIJ(l~GS') ·

C " 6'~.•
b) For ma1l.imu", 2"'.C,). s.f 1.J..CI).O-S-90·...1;

Max. 2hc(') -U.itlO·.,.17D' - ~ -(:)~-O.Ul(1JJ

P.1I-1 Wr - f ~~ Ji .. flL }2771

£, H,· AJsin'd'cI~
• •

:0 (;r:J·'l'4A{[fp.+~lf);A+lj;R1-t;~~l)
.j7l'sinJ• J.

J '.. f [10'" (!Jtl) , same 4U £,. (II-J7).

q P'/I-, From £,s. (0-274) and (II-1.7b):

[~- cr,t=';'" (f:~))sin fJ

H - -~ (C-iJI''!SinfJ, 4-'. .. Z

"Y,. - f fAa 1'171
( - E_ H:)R'sin, tI. tI~ • ({1J11J11' (:..y

- n ~ J 4( .1)1
•• ~r - (Zill)· J.D1r J\& •

a) Circular 1001 of rtlJlu&6: 1l,.J2DlI'(-1)~2D71'f~

. It) l.~cMnsula, I••p 01sill.~antlly: Ill' - J2D 11"(L~~lJ'

, 11- 9 F(,' _ ~hc.J.')-~"h_-__ 'J .3,,,.
4) 21t-1.1.$A. IF(rl1-1C'./l.l$.C.,.)-coJtt.~-illb)Z.It-~A..JF(')J-J COSll~'OI')-~

.... Si", I S.n'
I ~[

I
I
I
I
I
r
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.P.II-IO

R

a) £ -£ .,E - tss, 'J,it.tiP• ., .~ 4."A l.r
• ( , fo .~fl e••')

· J= 2 60JIt Z, e-i)(A-TU'·)!If)
~ I '

\Nb~

F(.) - slr,. CO, (If cos .).

r
fJl-t -
~

I •I
")I.

----.y
£..,- E"" +£~ .

- jhJ!.~ C-i)~ J.s,it9J co••),,;,r

£tf'=->'::'( --::'-)7"JSi"9JCM.>/I-S"",'+,in"

E.- a.£, ., ii £.£ - - "/~'" . Iii-cos",.,.,#" ii, C4S#). .,.. ,.. _.I,,," $',.'. (, -,.

a) I" fh.. xy-p/4n. ~ e - 90· ~ '..y C., ~J 1:#0.

b) 1" the %% - plo..ne, ~:fA 0·" £~- -£tI.1lF;a(.)/·'~;nlJJclU')'

c) 1" tit. y%-plo.n., ~.9o~ E",--£.,IFyll(,)/_/C.,h,itf}Jco,'J/.
d) cJ::J\/4, ~J.a 12: 1

P'II-II



,;,

P'II-/J 4) 1l.la"''va tlJlc.ilwafl,," a"'pi.~IuJu: 1:4:' :4: I.

h) Array lac#-.,.: IA(~)/"'/cos{:c...~Jr

c.) cos(fc•• ~)-tar:..
----. ~ -74.1'~

Hall-pow., J,clI",wiJI!J

= 2 (9D-- 74. r,·)
== 30.l.~'or unil",,,, arrar,.,,.om £,.(II-'Z):

.1./ ,;,,( ·eM I .. f --..J._, ".
S SI" f e••,) a T ,-

HAIl -power bc,,"'wieilit I., 5-.1.,..",. uni".", .",~
.,.,ill, ~ SpGCi".J =1, (90·· 7'. "~e) - 20.7'~

P. 11-/4 4) Fr.,..£,. (11-'1)""" J/.,l: fA".·111 t=C~~dJ.
IAt~

I .
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.c:::L.•••

b) 8rfJaJsiJ., Opcra#ion. V_,Jco.J +.
lAc.,'· ~ I ~~~.t1f1 i5 I S;X I I",. t~d.
""/,.,-c X ~ N1/1/2.

AI hall-power pDlnls: /siXI -h - X .'.391

( -ior J,ol-" "rotk.J.jJ.l,cnJI;..,~,..,...,..,)
For brotLJslJc ope.ro/-itJltl M. J,ell-power IItLAlrtwid'llt

iJ l1A~)'h - D. I" (~) (,..J.)

- $0. 7S (:d) (degJ

For N- f1.. (2ij~)I/~ DI -I. ~J (~) (Je,.)

Fro..'" £,.(11-'$): (2A~).Jf:& 9.rS (':-J Cdc,.)

c,,)£nJ+ire Opcrolion. Yr-!'J(co'f-I)

(ZA~),/,-I.'U~ (,.oJ.) ./01-,j:c, ltJa,.)

For /01-/2. (2..d~)'IJ=JI.IJf5(Je,J

",.0,." E,. (If."): (l~I).=4'.7'/5- (de,.)

P. /I-/S IAlttl/- L/,,·,.(Ntl1.) JS'I sinX I where X • -Nt .
N Si,,("'/~) X 1 2

As.lUlnc brOGdJiJe operation: ~ .~CM'.

D 4" /Al!tl".../"

-f'J'rlsinX/~';"'J'J+ •• ., I X

- IActt)",."J.. "
!"/~"X/~""'J' a N~JI7S;XIJX-N~ (:~. ~ .

. ~NJ lL I ,
· • /) =- -X- air A ' w".... L- ar,ay ,an.,jIJ..

p. /f." COlUlr'-lcfion fol/olAls fh..shps oul'/ncJOn pp. S2.5 -S21..

. : I . P. is 4' i' _ -.!!.. .
on "TF/J. : 0 'h-.Il "0'" 0 ..J 2

t "aJ/u301 Cl,.c/. il

~c/= ~ (-7-)- ~ .



~ 11·17 ('Dm if (11-4J):
· · ;60z..N,~ -Jp['·'(fc··'>]IAJ"'My(1#;>1 •l -= R - C SI'"• •

wh.re fA ,_ ..LI sln(1df,!J) 1.6 "'-. - 4c1, Sin. co,#;
& ~ lin(~,/J) ~

IA ,- .!..1"·(~*II)I' ~ III -#J..Sin' '0$+.
1 ~ SinC1Jy/J) , I

I I- I fe.sllt.,,)]/ s;n(¥)~ilt(¥)f· .
F(...~) N,~ Sitt. SIItC"')"i,,($)

~ F".o," £,.(11-'7): PL -A.t'.v. (j)

Co"..;d.~ 4n .I.",."lal .I.cl,.ic (Hcffai.,.)clipo/. oI/.,.,M
ell. l,. ,.". {/c/J 01 4n incid.nI plAne \MQV. wifA can .I.c.t,.ic
In"~lIsill E.. '- _ /(,J.. ®

, a" 1 'I.

M d-xi",um pow.r i. 4/'Jo,.lted 6111.. looJ il' Z£- z; .
P,. - : /1/,. -t(li.,~t/It. (£j:rI Q), ,

Co",6inj"g (I). @.1 dncl (i), we ltave

_It: ., J.. , JA. - 44 t~ - T Ctll ) . _ A -...LA.
Fro,., E,. (11-Jf).· Jl·".·{~l • ,,,, ·

From !J.S"I D-Gall·I)-I- ~&. 4>;' ·
P'ff-f9 Fr'""',.{If-'f): ~ -f:"rtG.,G••..

4) For hGII-wGv& dipole.: (;.,-G..-,.,.

f -3-/0' CHa), A..- elf -/ (lit), r-1.11I10'(".).

~- 1.f7.'O·' P, - 1.S7./0·'(W) -fJ.1n ~W).

h) for JI.,.I%;an dipole.: C;.,-G..-'.S
~. D.'JJ ~W).

4)
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A4CJ,'A·/-iOI) pAttern

lor L =>"/2:

-----..i......~----''"----...~PIof DI IF(.Js;n 'I.
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~ f I-Z2 From £,. (11- 91II) :

. F(',~)=JJ fc..:y')i)~'it.(a'c.'~"Y'linl'J}#'Jy'.
-,.,..

(1.) .In fhe. xz"-pIGn&, +~ 0" :

• (~ I·~ «.,F (e) = "./_ I (X') c~"ll $1". QX'K. ~A/2

=2'f~(I- ~ 1l.')C/I'l!"'sinll)4)1.'

= a.~ 1- CIII I/Sh.') . L.t '" - ~Ii"•• ~QSI;'~
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