271 W=ExH =Re[Eel“t] xRe[ Hei®t]
Using the identity Re[A eiwt] = s[Eeiwfy EX et ]
The (instant Ps yrting Vector Can be written as
0 - [ATgeiotspr et} xfE (et yreiot)
= L {3CExHF+E*XH] + S[ExHERh e it ] )
= L{F[ExH*+ (ExH*)*]+ 2 [ExHOE (ExHeivt)* ] }
Us‘mj the aboue identity again, but this time in reverse order
We Can write that ‘
) < 2[ ReCExH¥)] +E[Re(ExH )]

A

22, () Wmd 2[EKH*J 7 C\r ‘lilfr)" 0.63315 Gr Walts/m =

(b) Prog =& WreadS = fo £ (6.03315)(r>sne de dg)

ar T &
= go Y (0.03315) Cl00) 2 sing da dgf

&
=21 (0.03315) (160)~ g singdg = 2w (0-03315)(1o0) > 2

= 4165.95 watts
23 (0 D, = AvUmx _ 4T@00x16%) < 222313 47d8
Prad 0.9 (12566x163)

Go = €+'D, = 09 (22.22) =20 =13.0|dB

(b) Dy = AT Umax _ 4w(200x153) s
Prad (125. 66 %ic3) « 2 30148

GI'O = e*.DO = 0.?-(20)-‘-f8 212-55d8



Flog U = Bo (5% _
a 2r 2 202
@ Py = L o Sing do &g = BDJ; L Cos3g &img d6 dg

'Il'{z
-~ 21‘ren.jD cos38 Sing dé

/2
Fad = 27 B, ( > )l = 7B, =10 3B,= 2L =6.3662

0

U= £.3662 s3p

YIAL RN hug, SieBesk ~6
w= M 2682 psls __C_W_Cwag:g.sdez x 16 °0s%
Wl'rnax = 6.3662x|6‘5- 0:539{ = 63862 X169 Watts /mz

max
A .
¢ D,= “—pgm‘r s Alketia =8 ~ i
ad

© Go= €+ D = 8 “?dB

0 s i 20
] = os o
0.34.2 CS¢(6) 20°$6£60° 0°< g {360
0 60°< 6 & 180°
ar T 20° 6-00
Pod = g f Uco,g) Sing d6dg = 2w {: J Sing d9+y 0.34.2 CSC(8) X
0 ) .0 .

A
+ 0.342 -6

/3
/9 }

Sime oleJ = Qmu {—COSG

B 2T { [—COS(%)‘I" l:l + 0.342 ('13'1:*3%—)}

= 2T { [-0.93769+ 1] + 03421 (—c?-)}

2T { 6.0603] +0.23876 } = 1.8TTI2

[ 2 4“;::0\7 = ‘491‘2;:; = 6.68T737 = 8.25255 dB,




2:6vista) D, ~ 4,253 _ 41,253 _ 39 29= (5.94 dB
Bia 2 30 (35)

Aem = 3_\“. D,

B+ 0k GBo*(35)*

Aem = "%‘ D,

2-T p, = AT Umax
prqo{

(@ U=Sinbsing for 0<6<T, 0SZL T

Ulwae=1 and it occurs when 8=g= Tz
m

Pmd—'j J- U Sine dedg= fs;ma’d;s snede-z(z) T,
Ths Do= 210 - 4 =6.0248

The  half - power beamwidths are equal to
HPBW (az.)=2L 90~ sin'C )7 = 2 ( 0°-30°) = IR6°

HPBW (el.) =2 [96°- sin'(¥%a)] = 2(%0°-30°) = (20°
Ina Similar manner, t canbe Shown that for

(h) U=sSinésin’g 2 Ds=5.079 =7.07dB
HPBN (E!.) = [Qo“} HPBWCQZ ) = ?O"

©) U=simesmdy 2 D,= € = T7-T8dB
HPBWCel.) = (20°, HPBW(G.Z2)= T4 .93°

(d) U=SMBSIME = D= 12T/g = 47 = 63dB
HPBW(el.) = F6°, HPBWCaz.)= 20"

(€) U=Sin*66in*g 2 D,=6=TT78dB, HPBW(az)=HPBW(eL)= F0°

) U= Sirosndg 2 D, = T4 = 70T= 8.49dB
HPBW(eL.) = 30°, HPBW(az.) =T4.93



26 Us[@ the haif- power beamwidths Jound tnthe previous Pmb)ecm

(problem 2-7), the directivity for cach intensity using Kraus’
and Tal and Perera’s formu!a,s' is j(van by

U=sSing-sing ; (a D, = 241253 _ 41 253

@14 B2d |20 C(20) i

) DL 2BIE _ 92,816 - SN
Bia+ @3 (1200 Cl20)*
U =Sing-Sin’g ; s e
(b) D, =324 ="5.1048B
U =8in6 §in’es ; (@) D, =~ 4.5 =6.624B
b) D, =3.64 =56(dB
U= Sin'6-Sing; (o) D,=3.82 = 5.824B
(b D, =3.24 = 5.10dB
U= 8Sin'g-Sing; () D.=x= 5.09 = 7.074dB
(b) D>~ 447 =€53dB
U= Sin*eSimdky; (o) Dy =6.12 = 787dB
b) Do 6.3 =7254B

Ly o) Do &Y iy

@w @2? 4 B 5064)2‘

= 55377 =T 433 dR

i D e 32. dn(2) = 32-An(2)
OF + @5  (1-5064)*+(15064)*
= 6.8906 dB

= 4.88725

2-10. (@) Dy= AT Umax - Umay
ph’w[ Uo

Fraa =j:r§r usingdedg = .znﬁzxsine de = zﬁ{fginerds *

fﬁS)&ne do + (an@me de }=2ﬂ{(~936)[i° :r(-%_@)[::}(‘oime)[::}

(Gntinued )



Pl"a.d = ZT {~0-866 +1-025+0433 to.05} =.2n‘(o-36"r)
= 0.134T = 2.3059

D = 14am) 5.44%6 = 73636 dB
23059

d D (dipole) = 1.5 = I.'761 dB
2, (above dipele) = ( 7-3636—(.T€ 1DdB = 5.6026 dB
Do Cabove dipole) = iﬂé = 3.633= 5.603 dB

/2
2L (e _S‘ S‘ Ue.» sinededg =" sm;a'ol,aff (os% Sing do

=) %)= ‘g‘_
Umae = U(=0° g= ") =1,

Do = &MUmw_ 4T _ 59 =13.0 dB
Prad (7/s)

(> Elevation Plane : & varies , & fixedl
2 Chosse ZF=T/2. ;
U8, g="-) = s*g 5 0ges e

41 HPBW (eld. =

HPBW (el.) = 2. Cos {V0.5 { = €5.5°,
Vg Vo
B Eel fucemsmeded,er 2 fsmealé fofag&%'ﬂow}

/2
= 2!1'.[ S s‘ms de +f afggg Cos@-Sing db i

=2w{—CaSS|W£+__L__ _cos’n)l ]r 2n [-0.866+1 +0.433]

HRAs e - = 3-5626

De = 4“})”*‘:* < 4142 = 35273 = 547548
ra,

b)) Y=5(6) —0.5 9 osg =05(0.866)=0.433, B= @s'(0.433) = 64.34°

©.86€
@)= 2(64-34) =128.68" = 2.246 rod = ® 2y
D o Moo 5r 4002 = 3 76448

O @ar (2.246)*



2-13 ‘aweg8ds :
b. 20l lo’g-;@-‘=35, ﬂo&l°]§?~[=%=l.75

Em‘”‘ = ]0"?5..-: 54.234
Es

u=sing, Umax=L , Prod = [ usmpdedg ="('sins dedy=

Do = @Plfun;w =4T _4&_ | 2732
b. HPBW= 120° 27/3

: : - 10|
The directvity based on (2-334) (S er:[ual %o, D°_I-20°?—o.ooz (l-ao")*-=l'245l

e

While that based on (2-33b) (s equaﬁ Y0, D, =-r72.4+19/ 0818+ Ees =1-2245

C. Comeder Prajmm Do = l-2f732.2. ¢ 4 : .
% - L u = = 272 L _ 18 ie9%
2-15. a. U=sin3g, Umax=1, Prad fb L} Sm*ﬂd&d/e! X, W Fret

b. HPBw= 74.73°
From ('2_336*); Do =

10|

(P4:939-0.0027(74.§3°)

From (2-33b) Do = ~/72.4+ (9 [a 818+ 7pngs = . 75029

C. Compu’rer prog tam Do=1.69766
The value of Do €1.6776) is Similar *o That of (4-p) ovr (643

= 16877/

2-16. a. u=X*Ckasing)
a= Mo, kasng=ILsing. HPBW=93./0°
From (2-33a) D, = 101/[ (92.40)- 0.0027¢ $3.10)7] = 1.44$) 20
Frow (2-33b) Do=—f'724+;9h/aata+§% = [47027)
Q =2/5, kasin&=fg-5'm5, HPBW=9//0°
Fom (2-330) D, = 1 47033, From (2-33b), D, = 1. 502
b, a=A P |, &iickasing) sinedodg'= 0. 7638045

= = AT (08 P3 = 1.
Umax= 0.08%3 .. Ds W 469/93
2w T

& :Ff% ; Frod = L jD JI’( Tho *Sin §) -Stned ddg = 0 202664

e o 5 /
Uns = 0.0240774, ), = 4T(0.02407/4) | 4o,
: i 0.202604 :
l,f _{_he rodius of [no? LS .S'I"ﬂa.\]e]- than 7L‘/2_° , the d.ire C‘{'Luiﬁy

appreach to |5 .




2-7 US{nj the numerical techniques, the directivity for €ach tntengity
of (Prob. 2-T) with 10° uniform divisions is equal to
U=sing Sing ; (o) Midpoint ; Do = AT Umax

8 rad
— v m 2 [¥-]
Umax = 1. Rrad = ﬁ;(,‘g)z_l Smg; ;s;n"e;
e A
ei:'g%ﬂi-l)}%, i=t, 2.8, I8

» = L : s =
% \36+(J-D-l_8-) d: I o At

Praa = () (11.38656)(8.9924) = 3.11F

D, = a;rr”céiz = 4.03 = 6.05dB

(b) T"ailfhj edje of eoch division
8:= i(7i8), 4=1,2.3,-"",18
2= TA8), J=1 2487~ ,i8
Prad = (5)*C11-25640) (8 36785) = 3076
D. ATC) = 4.09<6.11d8B
2. 37 T
In a similar manner
U=Sing siner 5 (@ Prad =2463 =< Do= 510 = T.0TdB
t) Bad =245 2 0, = 5.(3=T.10dB

U=Sin8 SINg ; (@) Ryq=2.092 2 Do = 6.01 = T.77dB
(b) Prad =2.086 = Dy =6.02 = T.80dB
U=Sine Sing ; (a) Brad =2.469 = D, = 474 = 6€764dB
cb) Prad =2.618 2D =4.80 = 6-81dB

Tm.i[in\j ea[\je. ;

I

uzghae'g“aﬁ'} Ca) praal = 2092 20.=6.0| = 7.*‘{?&3
(b) Pm; = 2.0863D,=6.02= 7.804B

* @) Prad = 11771 20,=T0T= 8-49dB

U= sin’s.Sin’y ;
(b) Q‘ad = |75 =2 D= 7.08 = 8500‘8 :



2 _18 Uslnj the Computer Program Directlut'ry at the end
of chapter 2, the directivities for each radiation fh‘(engitj
of Problem 2.7 are equal to

A. U=singsSing ; Prag =3.1318

Umag = 1 - Do = 4T Umsx A =
Mox ; 31318 4.0125 = 6.034dB

b. U=sSing-sinZ ; Prag=245%0

Umoy =1 it T N e :
32590 ~ 0110358 > 7.0845dB

c. U=sinesn® ; Prad=2087

= ! —] 4T 1 =
Umax =1 ) b 20870 - 602124 2 78048

d. U =sinosng ; Py =2.6579

Umax = 1 ;. B 2{;’;} i 4772793 > 6.746 dB

€. U=SineSing ; Pad = 20870

STRTY L
Do = Sog7e = 602126 2 7.7768 dB

f U=sw'B-gsng ; Prod = 17714

4
D, = 057z = 7.0%403 = 8.5089dB



2“19. (0. Elm&f Cos[;l_‘lcmse-a)]lmx: t at =0°,

0.T0T Emax = 0.T07-C1) = CoS [;% (CosB,~1)]
5 2 ‘
-E-Ccme.l-]) = 23 = 8,= i Cos '(2) = does not exist
ws'(0) = 90° = § rael:
®IP=@2r= 2(%):-“

= 8.0 27 F=1213=2 1047 dB
ir War

¢b. Using the Computey program at the end ef Chapter 2
Do = 200787 =3.027 oR
Since the patrern is mot ueD; varrow, the answer obtained
usw\aj kraus’ appraximate formula is et as accurste.

2"20 Q. Elmx= (oS(%((ose-t-\))ImW:l at B=0=,

0PT = G (F (osd +1))
Toeat)=2f 3 6={

Gl\"""ﬂzr = -2(%):“'-

CoS'(=2) - does not exist.
C0S'(0) > F0° 2 L rad

b. Co‘mFu{er projra.vn
Ds = 2.007689 = 3.027d8B

T2
24l &%, PmA“'Y:WL UoSinCrsing)- Snods dg = 21 Uy i () = UeTJi(r)
= { A Sk=is
Do—‘ M- i‘i..[:-‘l_——- = -T'F'JT(TF) "‘4-4-’735

Prad — UsT>Ji(M)
& T 5(w)=0.44707273561622

b Computer  Proaram :
PPml 5 {*"Jf T sin(rsing) Sind dodg = 2T(04470727356/6/8)

Do = 4 4735



2"22 (o). U.sinj the Computer program at the end of d,the.-;__
Dp= [4.0T0T = (1.48dB

(b). Ulm:[ﬂﬂ_q,c—;i‘g—&l] =1 (when 6=0"

=R e [sin(rrgina 2]2
il E b TSings

Ii'emﬁuel} we obtain O3 = 26.3° Therefore
@!d"—' @;d = 26-36-3'): 52.6",

ond [ =~ £L253 . 4 9] =11.93 dB using the kraus’ formula
(52.6)*
() for Tai and Pereira’s ‘fbrmula
0= 7,85 = 1'2:8'54 = I3.16 =11-1} dB
2:04 2 (526)

2"23 U = _2—;2 lEl;z. —-'—-\S‘mGCoS"Q’ = Um:u:"" 3

=
: 4
= /2
@). Prad = 2 K Yr &n@@sp’dadp ;%{-)(2)
Do = 4TMUmax _ ﬂ(zz) _ 16 _509=T7.07dB

Prad I GIEN
bd. Uthax = s_j)z' ar g,-;Tr/_,.rE =0
In the elevation plane through Ahe moximum F=o and U= 51'78.‘"9.
The 3-dB Po:h't: occurs when
U= 0-5Umax = O.5(55 )h_,,?&nal-)' G =sin (0.5) =30°
Therefore @ia = 2(F0-30) = [20°
Inthe azimuth plane through the maximum 6=z and U"-; (oS’
The 3-dB l>om:t occurs when U= 0.5 Umax= 0.5 (J)Z)-.z,( ('qs 61 >
@, = C0S'(0.707)=45",  @),4=2(70°~45°) = To*

Therefore usinj Kraus* formula D, = %%25 =3.82=5.824B

(9 Using Tai and Pereira’s 'formula
D, =~ 72,815 _ 2,815 _gmadf=54904dB
O3t ®ia G20)+(F0)*
(d) U‘S“?j the Computer pregram at the end of C haP-ter.?.
Do = 5.16425 = T134dB

10



22 cqae el C!qulne)]" = (o™ [J‘, (kasing) r = 4 [J 1C'kasine):, 2
sine fea sine Rasmo
(@) Umax = Uo ()= Yo and it occurs when kasing <036 =0
The R-dB point is obtamed usin

U= é‘umox = _%ﬁ:_.._ uo[ Jl(ka.Gine)]l@ M = 0.3535
*RaSine 4Ra sné
With the aid of the Ji&)/x Zables of Appendix V.

X=RaGiNG; = 1.61 = 6,=QH'(16l4er) = [4.847°> Qo = 27-674
(1'?) S[nCe @[r = @gr ‘:-2?-6?4-‘,’ ,the dir@ﬁtfuit-, [S Eﬁud TO

D= 2253 _ 4609 = (670 di3
(27.694)>

2‘25 (o) Livear  because L2 =0.
& Linear beause AZ=O0.

cc) Circular because 1. Ex=Ey
2. Ag=T. :
CCW because Ey leads Ex , AREL - = %0

cd) Circular becuuse 1. Ex =Ey
2 AJ = -]T/_Z ;
CW because E): ,ﬂajs By 2AReL. T=J0
©) E”fPtf&ﬂ because 4% s not multiples of .
CCW because Ey deads Ex. AR=0A/0B
Lettfnj Ex=Ey=~Eo
I
DsRpedtiFiym ] S & }#AR:. 1. 30656
OB = E,[o5C+1-vi)] 2 = 0.54.1196 E, 0541176
T=70"— % tan’ [ 22,0880 ] = fn o tonil L)
e
= f0°= z(90") = 45°
() Ellipticad  because 4g is ot muttiples of "z

CW  because Ey ﬂajs Ex

From above OA= -30656 Ee } = AR = 130656 _ 5 414
OB = 0.541196 Eo } 0.541176

From abwe T=%0°- ":,!_7,(?0’) =45°

=2414

( Continued)
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2“25&"'”(3). Eliptiod because 1. Ex # Ey

2. AZ S wnot zero or multiples Of m.
CCW because Ey leods Ex. 3

OA = Ey{% [o.25+1+0.751} %=,
OB = Ey{ 3 [0.25+1-0.751}"<05 §,
= °__‘-.'.. iy @ - ° i of
T= %0~ ztan'($) = f0°~ 2 (8D =0
(h) Elipticd beaause. 1. Ex#Ey
2. AZ (S not zero eor Mut‘b'fPIEG of 14 5%
CW because Ey laj\s B

From above  0A =E) } DAR=55 =2
OB =06.5 E}

“T=%0°"~ z(I8") =0°

}=}F\R=D+5=2_

226, | E.mey =Rl B IWE+REI )] - E, (os(wt+RE+2x)
By (5,t) = Re [E, It k2 By) 1= F, os (ot + kZ+2y)

where Ex and E) are ol Pasi-{;iue censtanits .
Choosivg Z=0 and ﬂoftihj AZ = By -Zx = By -0 =2
ExCt) = Ex @S(wt)
Ey(t) = Ey CeS(wt+g2)

and

&)

Ect) = {E:% & = J Elosiwt) + Ej*Cos™(wit+p) 2)
The maximum and minimum values of (2) are the majer and winor
XES of the polarization ellipse. ‘Ec’qarinj (> and using the half—anjle
Eolen-tiy, ®quation (2) can be written as
E) = _%{ Ex'+ Ey*+ Ex (oS(awt) + Ef Cos*[2(wt+g)] } (3)

Since Ex and Ey are nstants, the maximum and minimum values o
() occur when fa) - E,*o:sc.zwr)+5;- @s [2tertey] (4)

IS maximum or minimum. These are found by dl‘ﬂefen‘fﬂ&'tmj “)
ond Settinj it eciunl o 2evo. Thus

-

Tto ~Ex Sin@wz) - Ey' sin [acwt+2)] =0

( Continued )
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2-26 (Gntd) or
E;'-S'm (wt) = —E,“'e‘m [2(wt+2)]

= ~Ej { Sinawt oS 2p + Cos 2wt Sinzg } 5

DiUidl‘nj (5) by SEwit) yieds

Ex ton (wz) = - By tanl2wt] 0Seg) +sin )]
" bangwt) = ~E"sin(2p)
ook i o i o

sty = Bt E, (oS (2¢) (€)

=e
CoS(awt+2g) = E;'; Ed Cos(22) ()
where (*JE?‘-PE,"'we-zE:E,’:?CbS(-W) (8)

Substituting (6)~(8) nto () yields
& 'i'[\Exl'i‘Ef‘j: "CL(("‘)J
whose maximum value (S
£ Va 2
émax—': OA = {%[E‘-‘t_'_E)’J-_‘_(-E:"-pE;-I'ZExE} GDS-ZQ) ]}
2 /.
E'Mih ~ OB :{iEEJ(Q'I' E} —(EX4+E)I++‘2E;‘E}LCDS-2£5)%]} +
The ilt anjle T can be obtained ly expandiﬂj (1) and writin‘c?

the two as
..E_x.l 125 :ZE.:Ey S+ E)'l = S‘iﬂaﬁ (?)
Ed Ex E); E)'A-

which is the ®quation of a tilteo| €lljpse. - chooi:rcj a @erdinate System

whase Principa!. axes coincCide with the major
tiltedd ellipse, we can write that
Ex = Elsin(T) —&j cos(z)
g , e Clo)
y = Ex CoS(T) + e}smtz)
where € and €5 are the new fielol values along the new pr}ncipaﬂ

OXes x5 y°, 2. S‘ubsﬁ‘tutinj (to) into () Yyields

minor axes of the

rd e rl . Fd
REE Coscr)sinee) 2&57 Ey coS(z)Sin(z) _ 2€xEJCosy (Sin*z ~cos’2) =0

EKA Ey* Ex. E -y

(Continued )
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2-26. (Cont’d)

Which when selverl for the tilt an le T veduces to
ton[2(L-2)] = 2E EJ’ S
—.E)J-
o - .i._.Ltanl(QExE;Cosg)
for more details on the tilt angle derwa.t'wh, See
J.D. kraus, Antennas , MecGraw—Hill, 1950, pp. 464-476.
2-27 (o ?,., = Ox BS9, + dysing,
éa = d\z Q@Sg, + Ci\j-Sln,QfJ_

PLE= 16y ful*s | (& 03¢, + & Sinp,)- (G aagt + &y Simgro|*
= | Cos@1 @S, + Singi Sin g |t = 1S -2 |*
b é;a = Qx SiMB @Sp’,-ﬂ-%sl'ne,s]'wﬁ, +8; @58,

é\a = Ci\zS'mE); @S@.t %Gin&,‘-&'m’@’z o &t SO,
PLF = | P'\w 'éu ( s I Sm@ (0SE, SMB,SH; + SindSimf S 6, SIngs,
+ S8 @86~
PLF = |Sin6,-Smb,(cos g, - @SEs +Sing, Sim@, ) + @86, ®sO. (™
PLF = | Sing,Simb, @S (F,-Z,) + ®S8, (50, [

2-28 ASaumn'ﬂ electric 'fielal IS X- |>alar~nzeo(
(@) Ew=0xB&%3 6, = dx
Ea = (de ~j8p) Eofere, fies (3““ (73"'&!)
PLF'[P# fA l = z(axag Jax db-[
simce (g = dx @S6 @sg + dy @se sing - dzSinb
Gp = ~Q SN+ cfj s &
PLF = 2 (@56 s’ + Sin*g )
(b) when __E__q > C dg+jdy )E.£(r.6,8), PLF is also
PLF ==z 2 ( Cos8 G’y +Sinp)
A mere genered, but also more bemflek expression (anbe derived when the incident

electric field is of theform E, = (adk +bo.))e"34°'z where a,b are veal constavts
It can be shown Cu\snﬁ the Same. preceduve ) that
PLFE = J_T[ (oS0 BSE +bsinesing) +(asm@ —beSF)™ ? i

14



223 (6) Ey= E, (dx ijd})e‘ik“;s pv = 7Z(dx£;dy)
—E..Ou‘: Eg_(d‘e *jd})'f(h@,p’)#é\g= E_Cd\a ""ja;a)
PLF" i A G R Aot - Y= n D
o3 .2.[ Cdxi)a_,)-(ag "Jaﬁ)l = 2 ‘Cax aei'.dj'ap‘)
AN d\ d‘)
Conuert:nj the Spheria:ﬂ unit vectors 1o recta ul'algjca:ag:l: e )

08 it was done in Poblem 2.27, leads to
PLF= 3 (CoSO£1)>
cb) When
Ew=Eoldk 25 dy) ) "*
Eq = Eq (dp +jdp)f(r0,2)
PLF =z (Coso $1)

the PLF (s ecru.a.{? to

2-30 Ew= (QsCoS@ ~ Gp SNP ©S6) $(T,6,2)

or N A
= (oS¢ — 0z Sin 6
Ew [ﬂo g — Gp Sing @S jJCOW+Gin:gcom =t
VoS + Sin3g S0
Thus (iu = doCaSg — QpSimPose
V (oS> + Sivip G50
8] B " oy e
and PLF= ](3” ,(S:‘I .__:l( ag S — OgSing (aS6 ) Oﬂx
Vo83 + sin cos’
Tmns-fomi]j the reci'o.njular- unit vector %o spherical USing
By = GrSingcosy + Ao s Cosg ~ g Sin g
the PLF vyeduces t0 PpIF= cos*6
osiP+Sin'PLs® :
The Sawe answer is obtained by trangfermin the sPhericJ. unit vectovss Ao
Tecknwular, 4§ was done in Prob 2-27.

2

23] E.x Gdx ) 4)fr6,0)= (L?_;L“?L) V5 f0,6,2) I o
A - -E
RN ax —\ - . ~
o o= (Sg8) > vow is Rpesmd w0 iz
o= -Galeid )
\[ . . (Antennais LN in receiving
| £ =-04576dB using the. + S0 wmode and RH in trangmiting)
PLF = EW : Pa, - {J__ e ) . (Antenna 1S RH n receivim
( Continued ) oI TR ug‘"} o mode. amd LH im ﬁnh&m:’iﬁwj 5]

15



2-31. (entd) b é‘w = (31 +j d‘g) = Wave is Left Hand CLH)

L3 {Antenna_is LH n receivin
-‘E =-|0dB us‘mj the + .S‘:jn mode and RHY fn‘tr‘ami'lﬁuj)

PLF = lew (J«l —{i (
; Antenna s RN in reeivi
=0 d 1 H,e-—&: |
Uit o us"j jfynodeamA LH tmmtﬁ%

2_32- J‘e ‘foren A

, = Gx +Qy dxt+dy  4dx +jdy |*

x eh ﬁ z = Vi l
PLF =34-'7](a} ax)+ca,-3c{3)]‘=§il++jl
=05

2_33. (Q) RHCP; é\&:ﬂz__.}__a.l_
PLE = 6, 6a = [28ti% . & 341" L0 —0.46 cdB)
e” 9 I ( E vZ l T

N

cby " EHCP 5 Po= ﬂﬂl
PLE = 164" = lwm[: 01= ~10.0 B)
@ s =

234, E= (@ J4)E€ S < (&) p S

AL

() E°= (dy+jdy)Ee%*®

= (dx+)d + kz
(__iﬁ )VZE€
fa= Gxtjdy Cw

23
A A__\’\ ‘\1_\"\ 2 __-.2. 3-—
PLF‘:'PN'P«]:L: [ (C"‘T;ﬁ)-((‘!{;aj)l :(a—.\l_.l = ) =1
PLE=1 =0dB (Continued )
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234 (Gnt'd) ) B (82i%)izE, Uk
N :

fa= ;&
% A i A ﬂ_‘-."‘ 2
PLE = G-l = (Qx{;“ﬂ).(azr;am:

PLF: 0 = -c0dB
2'35 E’:: d\x E e‘jki : é;:(i\x

-~

Ea: (Bt QB)EI Uki ( )J—E&)

@& Bau —-‘-_"‘e:tDoIP f’wl i G"IE;\ E’”

(*- €D =G, )

10 Gz D> A=< = 3x/08
At e X |0;“?"‘&8 3)(!0

G, =0=10 ioJ,,,Ga(dm) D Go(dim) =0 =10
Aemz%‘&!@@[‘: (Sxm““)*(ao)[a}-(fii)‘ﬁl)r
jxio (o) (%)= ‘?Xms(-L) (0.7162 X10° )(2)

Aep = 0.358|><|-0 m*
) Pr= Aem W*= (0.3581 X163 )(10x16°%) = 3.581 X16% watts
Pr = 3.581xl0° watts
2'36 Eo = (20?:: :l:j dj )Ee_‘},‘z‘E
(J:‘ = 20x% + i aJ
V&
@) Ew=0xEw> fw=0

PLE = | fult= |7 | 15 o=<n 16418

b) Ew:(%széé;‘.:d\j
A WY =boya
PLE= Ifu fal*= |EI"=F

"

2=-6.989TdB

i



Z-37. o Ey= By +E/ =3Cswt+2 wswk = 5 oswt
Ex= EX{+E; = 7@S(@t+3)+3Coswt~L)
= ~TSinwt +3sinwt = -4 smet
AR = ;?-: .25
(b)) At wi=o, E = 561‘3
At wt="2 F2E=-44 2 Rotation imn CCW
238 @ PLF = é IndePenclen't of Y = Must have CP

ERR=1

b. Polo.riaaffon will be elliptical with major oxles alijnea{

With X—oxis.
ﬂllﬁss v AR=2
verify 1 fy = (28« +jay)/NE
PLE iy (al 7= |0 DY) L 4esptsiniy
VB 5
¥=@ T BLT L 0.8
P=9": PLF=6.2

(C) PLF= 1 ot P=45°apnd 225°
PLE=0 at ¥ =35°and 315°

Polarization must be linear with thot anfjle of 45°
AR = o0

18



Y, o e 2 2

J 7 (S0+1+73)+j(25+425) T iz4+;675

=(12.442-j 6.1724) X163= |4.. (66 X106 °4-28-56 °

Rr=73
X =425

@. R = %Re (V1) = Re (12.442+]6.T724) X163= 12.442x16° W
). Pr= 3 |LI R = 7.325x 163 W
. Po= 2(Ig*RL = 6.1003x 53 W
The remaihirﬁ supplied power is dissipatedl as heal in the internal
vesiStor of the Senemtbr, or
Py = -,'_-!Ijr‘Rj =5.016F X 105W

Thus
P-+P.+ Py = (7.325+ 0.1003 + 5.0169)X 103= 12.44 22 X167 3=R

Z‘LIO_ The impedance transfer equation of
£ = ZL +5‘2c ton (kL) J
Zec +J ZL tancied)

reduces for L=z *o  Zm=ZL
Therefore the equivalent Load impedance at the termi nals of the
3enem:tor~ is the same as that for Problem 2.3%.
Thus the Supplied, yadiated , and dis.sipqi'enl powers are
the sume as thesecf Problem 2-37.

% 50 ]
'°V_‘ Zo=loon. Za=50+)500
o
Zin= (100)* _ (0000 Sk 2
: : 50 -750) = |00 - Nl
5o;50 e ( ) ) 0 -jleo

( Gontinued )
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2-41 Ccont'd) I,= 16 5 2 1+ 0 =0.05546433.7° A

150-jlo0 80.3/-33.7°

() P=zRe {Vg I3 } = 2x(0x0.05546 @SC33.7°)

= 0.23| W

(©) Pa= % [Ig]*Re{ Zin} = TX(0.05546) xl0o = 0.1538 W

Prod= C€ca Pa = 0.96 x0.1538 =0.

2‘£¥2. Gain = _.E':Ei.d_ Dfr'ectiult'j
Riccefted

REa.EEJeol Gain = Frad Directi v'ﬁz
Pﬂva-ila.ble
ain 8 PAUaI]aL{e
P&\.‘.Ue«l Grain PG.CCEP*I:M
pam‘:lo-ble Vs By 05 - X

Rivnilable == GI’%)‘: ..\{5:

2°F 4%,

148 W

+
s - 20
Vi) =A (e)kx + T¢o) eJ‘k") V'I‘f &1

Ix) = g_ [e™ . l-co)ejkx)
©

V()= A(Il+Tco))
I.CO)'—‘—%“__ rco))
From Fiji} —Vs +I(6)%E t+ V(o) =0
—Vs + B (1-TE)Z T A

Fij 1.

(1+ T)=0

—~Vs + A—ATw) +A + Al =0

2A=Vs » A= \_;_5_
Paoeef)ted = Re [ V(o) I’EOJ 1
Vo) = & ((+ ()
L) = X (| - (o))

- Zn—=2Zo
o) =—
r( ) Zin + Zo

20
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242 CComt'd) > VY= % (1 + Bn=2Ee

Zm""go
= VS‘(‘ + Rm‘fﬁ(m 2o
Em"‘wa‘PEa

= V5 [ RintXint Zo + Rin t) Xin -2'-%)
_2_ 7

Rin +)Xin t Zo
Vs (Rin*) Xin)

Vo) =
Ri‘h 'T'JXI'» +Z4
S
Tin " B0 Yoo Vs ZntZo —EZint
i Zz" ( 3 Zin + %o ) 2%, ( Zin + %, )
I(O) e Vs = Ys
ZintZo  RinejXint o
R’e[\/(o) _T}o)] = Re[ Vs Rin + Vs X1y W % ]

Rin t 2, ‘I'J'th Rint Zo—in'n
V-L(R:H ‘X?M) \{l 3
Paccep":ed = Re y *‘;’ 4 ) == A8 Rin
(Rim+ Z.) *+ Xim Rim+2)*+ X%

Ve 2
Gain. a2 AE = (RintZ)*+ Xiw
Realized Gain Vs Riw 4 Z Rin

(RiH*Zo)a‘l'X}x

2'43 (a) R.= Rh-f( 2-90b ) = @

- Mo

R i T -2'!1')({0?(411';“0-?)
2"(7\/200) 2(57)”00)

(b) Rr (4-1%) =8om2( &)= ton2(F5)* = 0.21932
D Rw= R = 0.21732 Ohms C bE’Ca.l-!Seof assumed Constant curvent)

= 0.44|5X 10 *= 0.004415
(Ohms)

R o o 022 = 0.98021
Ru+ Rr  0.21732 + 0.0044(5

) €cd (2-90 ) =

Ccd = T78.027 7,

@) Z_=(R+Rim)+jXin=(0-21732+ 0.004415) tJ Xin

= 0.2237 +J Xin
7\/60
i ::—azoﬂt/‘*)_"iz_,_?o [An( 7‘/2 ::1
kﬂn l'kf) *an ( 60)
.2040 — |
== i | 5 232 BBOC
o 0- 1051 '] ( Continued )
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2-43. (Cont’d) IFl= ZL - Zc _ (0.2237~j232.8806) —50

= 0.9996
EetZe (0.2237-;232.8806 )+ 50
1+ Ir|
A8, Rediation Efficiency of a dipole
Iz(z) =1, CoS[ ;.—T- z’] ) il SRk
Hg (r=a)| = =2 cos[Fz]

at the surface 2T

ds =adgdz = differential patch of area .

dwW 3 power loss into this patch.
dw= zHg|*Rs adgdz
(St8e ove) @Rs = Skin Resistance )

W'(,m)’-ﬁ—s Cos ["Z]adﬁdf

w C(totad losy) = i ;zszo ?n*is* l[_i_r_zjadp‘dé

Wi 8 > lﬂm RSJ Cos*[f2] dz = = “‘Z‘z',

4]1'
\ a
= —--IDRL
% 1 LRs
R.=2z2 2x
245 E-—-{' 0 <6< 45°
M 2R
R 20°< 6 £ 180°
e ek L E|*
(w U= : g 5 - & I
ZJZ ){ ) UMX—-T_-.'—_—{O—T?

C continued>
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245 (Gont’d) s 2N 45° .

= IY_L dgf [£ Singde + j;;c 4 Singdé :[
ihecd. 45° 180°
= _l;z_ [2w] [-Cosefo +4i(- Cosﬂ)l?oo J

Rl i e 5 2 5
2 [ ~@S45°+ cos0® ~ 2 o180 +;L&S?o'_]

Praol = 0.5428¢% 'zr,rer

D = ‘4‘Tr U}ﬂar - 4“ _;7_-—'
Prad 054289 (2Mr*/p

= 3.684

S
(b) When the field (s eTua_ﬂ to (0Vfm , for 620" ( A

10 V/m  0K6L£45°

e Fetie) T8 45%6 <0° /}/ S
L

2x10Vm  90°<6 < [80°
Roa = = J’z" gl S 166 2
E|*sSing do + 2
7 [ : {L [E|*Sin J?o, E|2simpd6 j'cla’]
Rad = ¥2 (0.5428?)(3%) [tol* = 36,133
Prad = -_%IIP'RV > IIHﬂSI%R]-

SR = _36133 = 36193 - | qu72
[ Irms | ™ e 8. 625

2‘@6 f:lSaMHe, A=2m —l_o_sg_f'm.'

= |m dipole is £ in electricad Ie-njﬂ‘ Rs) 50.a '?a.rzl]b

9 Re=73n ,Zin=73+)425 Elb

Vs=loo Vv 425 | X

q. I = VS = s

st 50+73+0.625 4425 075 L-A8.97° A

b- PdiSSiP = Pn.oss = %,IaanRLnssz 187 mW
C. Pmd = 'zLIIant-Ia-'Rr =21.36W

d fa= e TEanh oo
Ke + Rioss  73+0.625 7%

23



24T, Using equation (2-94), the effective perture of an antenna
Can be written as

1‘
Ae = _____IZTL !RZTI"‘ . where Wi = |ElY/2p
i 1 22

Definirg_ the effective lenjt-ln le as V7 =Ele reduces Ae I
<
Ae = ARrie o g = [AelZe]®
| Z¢|* % Ry

For  moximum power tansfer and lossless antenna (Ru<0)
Xa=-Xr, Rr =Ry = [Z¢| = 2Rr = 2Ry

Thus fo = 4-A-em'RT1 i Aem Rr _ i Aem Rr
vV 7Ry {7 7

2288 . Nmesomian = () e o=ty -1a ]3D,

SrA BB 8D, sl T A= Ll N
75 +50 ) 100X 106
. Rives WABT -
Do o 0

%11': [¢ |- (o-2)*]

243, Wi=1[0° W/me

-
Aem = LDB X D. = 20dB = 6 {e e X &2 X=loo
o o X108 =
= —f—- ixl:)? = 0.03 m “_-3)('01"‘
Aem = (3x10%)* gxlo 4
00 oo = LE2 . (1e0) = 0.7/6X16%= 7.46X 163
=13 [ 9XI0 > 5 3
Prec =163 ;g _?:_:Tg,z O.7/6X16 % = 7. (6 x 15 Watts

Prec = 716 x16% watts



250 Aem = 7‘ L 4;G
6. G, =14.8 dB = G, Cpower ratio) = 040 = 30, 2
£ = 8.2GHz 9 A=36585Cm
Aenm = B—f'g_m.l(so. 2) = 32(67 om?
The physiml aperture (s &qual to Ap= 5.5(74) =40.7 em*

H6S il GGA

b. G, =16:5dB ¥ G, (power ratis) = [0
= 10.3GH 3 A=29/2wm
Aem = @—%?12(44.668) = 30.142 (m™
C. Go =18.0dB 3 G, (power ratio)=i0"8= 63.096
f =124 GHz @ A =24|9 m
Aen = (249) (s3.096) =229.389 con
251 Gain=3048 , f=2GHz , Prad = 5W
Receiving antemma, VSWR =2 , efficienty = 957%
Ee= (2dx+jd))FR(®8), Use Friis transmission formulo. (2-118)

Pr = Pt €t Cear ([~ (TEI*)C1 = TF] 1)(411;&) De(6+,8¢) D-(br.@-) - PLF
Pr=10"*W, €ca= 1 (we assume #hat), Ccdr =0.95, |—ITk|*=1

Sice VSWR =2 = | =[{SWR= 2oL =3 (1-IF1*)= %

7\“%)’?—{%;’OISm,R 4000 X163
bewie i 0 O —s9x16"3
enc (m) o 4000)(|03)

Ds = 3048 = 10°, pLF“”{E’r Ech —8y) > 186 7= 0.1
e (Zﬁx*‘Jaj)
2 (0% = 5 (1) (0.95)(1) (5) (8.9xlo'3)(|n5) D (0.1)

Dr = 2.661
T 230
= S— 2.66 0. 00476 M



252, uca.¢)=[f05‘*(e), 0°¢ 6 £90° ]o"sp’ssso"

0 , 9°<6<i80"
Aem = —75:
= 4Tr 4m Uwmox
" Prod . i
Prad = { { Uce,p) Sine dédg = :en'{ os4e)snedp = 2ﬂ'[ 4

Pad = 2t (-0+ 5) = &,
- Aruy
Dis= S50k AN(1)ng vy

o S ——————
Prad /s
WS R
Aem— 31_ Do 7\- Ao meiss, [O)\ 7\ 3)“0 "3xl0“2-‘-'.0.03m
4n o
Aem = '°(°'°3)L='0'(3"“°") = 100Xy r7 et
an AT AT '

Aem = 7.16/97 x104
2'53 | status mile =1609.3 meter, 22,300 (Status miles)=3.5887310m

o Pl o gt
Fe-h 3 ATRE 4 x(3.5887K) 4.343x16"° Watts/m2,

b. Aem= %1;0,,' (¢ D.=60dB, =10°)
(¢ A=0.15m )

Aem = %%’—Ho“: (790.493 m*
~16
= Aem:Pi = (17%0.433)- (4.943 X10 )

Preceiuer.l =
= 8.85x10" watts.
2-54 Aem = 0.7/62 'm’- L
Aew = (&) e (1-101%) | Bw fa|-De
D, = _Aewm _ 75-50 _ ~ Bal® _
. %Jz(l-lﬂl) .5 76450 02 A foxtos o

DO = 0’7/62
Z (1-lo3p)

D, = 10417

26



235, Pe= Wi Aem = Wi C1=1r) (&) D0 | fu- B

W‘ = Sw/h'ia‘ e(d i CL)SS! s A E’m-io 73 50
e 5) r’ E{q+z° 7‘3*50 =0 ‘87

= If;"{% =30m, D,=2156dB =1.643 , PLF=1
Pr= (5)()(1- 0.87)*) ($2°) (1-643)C1) = 567.78 Watts = P
= 567 78 Watts
#oh P - YR

<
Pt 41TR) Gor Got » Gor =Got =16.3 9 &, Cpower ratio) =42.66
£=10GHz = A =0.03 meters.
Pe = 200 muatts = 0.2 Watts

. R=5m : Pr=[ZL3 1" (4266)*(0.2) = € 2.7 utts
b. R=50m : Pr=082% uwatts
C. R=500m : Pr=8279 n uatts

The VSWR was not needed becayce the 3ain was jiU&h_

257 3
P" =16 6] (2%) Ger Gor

G,f = 20dB 2 Got (power ratio) = [0*=(00
Gror = 5dB = Gor (power rutio) = (0"5=31.623
£=1GHz  A=0.3 meters

R= | x (0% meters

a. For l@t‘?r[}-:i

= (L3 > 3) = 270.344 4 Watts
Pr= (gcigs ) (100)(31.623)(150x10 °)

b fTen ’crnhsm[ttinj antennas (s circularly polarized ond r?ceiulmj
antenwna 1S ﬂin&wlj polarized, the PLF (S equ:.l to

18- 0] "= I(%_Eﬁ)az]%i

This b = L (200344 x16%) = 135172X10° =135, 172 pWatts
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2‘58 lossless : €cd =1, polarization matched [éw ﬁqll‘z i,
Line matched : (1 -172) =1
Do = 20dB = 0> = 100 =Dy, = Dot
Pe = Ped &) e Dor =10 (4,:,\5M)1(i00)aoo) = 0.253 Watts
P- = 0.253 watts

2-59  Lpssless: €ad=1, PLF =4, Qine matched: (1-IP1*)=1.

D, = 30dB = 162= (000 = Dor = Dot
57 7~ 2 B <
Pr = Px (grigaa) > (t000) *= 20- ()~ 100 = 12.665 Wats

260  Gor = 20dB =100, Got = 25dB=316.23. A= gi‘g, =0.0m.

Pr = Ptlé‘\t?rl (4ITR) Gor " Got =100 (1) (4ux5oo) (100) (316-23)
= 8x10% watts = Pr

2"6]. 'f |0 GHz, —)7\'%&9’%— 0.03 m

Got = Gor =15dB = 0"5= 3|.62
R=(0km = l0%m
Pr> lonw = [0-8w
I()\t‘ﬁrll: -3dB = %
Frils Transmission Equation :
Pr‘ 7\ L RN e
B, = Got Gor{am) |G|
=(10"3 003 N2yl =l
(16"°)* (4"”04) (z)=285x10
=
B 2.85x10"
Pr 7 108W = (R)min = 351 W



p > 18
262. —P--=-' P erer Dot Der 4‘"‘2)
= (P) (&t Ccqt)(€rrEcar) ( MR) Dot Dor
P _
5 (1) (ere - (D) Cere (1)) (F)* Dot Dor
= ;C_ =3x|03 =3m, R=loxw*= 0%

(@)= (m& = (21169 = (o 2387x16%) "= 5.697x10% 168
(ﬁﬁ)z= 5.699X(0 °

St =6 = (1-1M) = (1= [B252)") = (1= |22

- x 123.3
= (1-(0.8897)*) = (1 -0.0357) = 0.9643
Cedt = Cqr =1

Dot =Dor = 1643
Pr
i = (0.9643)%(1-643)*( 5.699x10"°) = (ﬂh?B'?)(z-é??)(5.699X|5'°)
=2.5] (5629x16"°) = 14.305x16 °
e =
Pt A 30500 =6.99X(02x 10 ((x10%) =6.39x 167= 697
Pe = 699 Watts
263

Pr A 3Xl08 3xlo8 !
....(4" Go't GO\" ’ ’\ 9xl°9 901‘{08 ~ 30

R= loooomei'er- ‘?/03001. 3x105 N

loxlo ——6
"%I [4Tr(3x:03/\)] Go" = .
GoX = 168 (arx3x16%)™

Go = (63 (ATXx3X10%) =[12TX (0% =200
Cro

(2001 =3,76%. 71 = 10 Log, (3:767-91) (B

1}

Go = 3,767.71 = 35.7€ dB



2b4. g#=mat=asTA*
Got = Gor = 16.3dB = Gt ( power ratio) = 6" 42 66
f=(0GHz I A =0.03m

P" = f Grot G‘o'r

By
R' =R2 =200 = € weters;
P = 25T Ar (42:66)*

4T [4?1 (2002)* ] (0.2) = 900 nwatts
b. R/ =R, =500 = (5 meters

Q.

Pr = 0.23 nwatts

265. p,

= P‘t€ G'O‘t‘C‘i'or. A ]2
AT ATR-R.J
Pr=10%(3)-150% 1 006 42
Al L4 (o) ]
Pr = l.22x10°8 Watts

= 3x108 .
BSxrie 2P6Mm

aad S A T r< 8 T ATRR]2
Pt AT R =T [__.__}
pt Gor*Got %
A = 3x108 _ %
3x108
S f'= 01435107 (4T) [4rsoonso)] ", gj42m? = 1
(000 (75)(75) 1
267
sF=_PrAr [ 4rrre.fel]2
P‘t'GO‘I"Go{ A
3x108
| X108 —3m
4 = 8.0l - (4T) [ Ar (700)(q00) 1>
1600 (75)(75) [ 3 )] = J4014.5 m*

£ = 94,114.5 m*



J‘. (I;;E); Gl'ot 'Gror

268 B
Pt

Got = 20dB > Got = (0% =100
GOT‘ = |50|B > Gor = |Ol'5-‘-'-3f-623
-Sl = | GHz » A =0.-3 meters

R = |03 meters

a) For PLF=1

Pr = 4"“0) (100)(31.623)C150) =
o4 o P Sla'zﬁ‘_‘s‘,alvatts=l\55.l’?f-/&waﬁ's

270. 3444/11 Watts

b) PLF =( (ﬂa: !an).ax
V=

Cor any other Linearly polarized unit veckor

269 =085

P"’ ot 'GQor
"Jizi (4HR R;.) '?W '

f = 0.85 A*, Got = Gor = 15dB 2 Got = Gor = 31-6228 (dimensionles;s)

Ri = Ra = 160 meter = R =R2 = 1,000 2\

f=3ahHe =2 A= 3x108 = 0.1 meters
3Xi07

le«w,é‘rP:ldB = |€w (9,.\ = 0.7943

P o pgs 2 (316228)* (=os) 0794

BT 2T 4 X0 A>
— 2‘ o
= 085 (31.6228)7(0.7943) _ 0. 3402 X 6>
(Am)2 ((0'2)

Pr = 0.3402 16" (109 = 06.3402X10 ° = 34.02 X106 watts

Pr = 34.02 pWalts
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z.utl
)

210 Ta St b Tt~

T,o. =5°K
Te=72°F = (72 32)+273= 295.2°K

—4dB = 20 ﬁod,oe = - fzo)ﬂoame = -« (20)(0.434)
L= 2 =0 460 Ne rs/100ft = 0.0046 N/e¢
6.68 g § t
G L= 2 feet |
Ta = 5g200-0046)2 4 295.2[ | - €2(%-0046)2] =, 4.9)4 538 =10.29°K
b, £=100 feet,
T& = 5é‘lf0-0046)‘00+ 2?\52[1 __e_-Z(O 0046)[00] ,79.?20'(
d
= 2)d2 d 204(2')dz2”/
2501 Ta=ThE g2 f ) T,,(e)ef* 14
4]

l
|

If ol(2)=olo = Constant

Ta=Th %4, f £0e) Tuz) €259, T :ée-de -
T=Taé & 200d L g2 (. @) Tm@ e %%z Ta , A
If Tw(2)=Te= Constant and €@)= Eo = Constunit g‘f- -
T=Tae% et ef“d[ de““"“a!e ’.%; L
Ta?‘TAG.-m'J-l- "-“' T 6 g2%ed (g% 1)

For & =2

= e .zo(od T )o{oal ao(.a_l_j_)

- g +T°(1~e"‘°‘°°‘)



3-1. If lje = J‘mer I!'e ( 1)
Maxwell’s curd equation VX Ee = jjwu He can be written as

VX Ee = JwuHe = -jwu(jwe VXTe ) = w/‘«e VX Te
or
VX (Ee-wHeT) = UYXx (Ee~k*Me) =0  where k= co)ne

lefft’l'\ij . g
Ee‘kﬂ-e-:‘vqbe = _E_e=‘v535e‘|‘kﬂ-e (2)
Taking the curf of (1) and usinj the vector fden‘ﬁt/y of
Buotion (3-8) Leads to
VX He = jwe VX VX Te = jwe [ V(V-Te)- V3T ] (3)
Us"l‘lzj Maxwell’s e‘rua:tion
UXHe=J +jweEe
reduces @) to
J + jweE = jwe[V(V-Te) = Ve ] 4)
Substfi'u‘tiv?j (2) (mto (4) reduces to
Vile + KTe =+ [V(V-Te) + V¢ ]
letting Fo=-v.Te simplifies (5) o
'l + *k* e —*—J:,g-—,—
and (2) %o (6)
Ee = VC(V-Te ) + R Te

()

7
Guml*n:j (6) with (3-14) leads to the relation (7)
| sl A
) wue A 8)
-2. I§f Em=-jwm VXxTw

3 f UEwjiop W

Maxwel’s curl equation VX Hm = juwe Em Can be written as

VXH,, = jwe(-juu VX Twm) = Wue VX T,
g VX (Hm—wue Tn) = YXCHm™ #®Th, ) =0 where k= wue
Let'&l'v"j 4
_‘krw"'v¢ =2 Hm=‘\7¢ "‘ha' (2)

(Continued )
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3-2 CCont’d)
Taking the curd of (1) and using the vector identity

of Equo.ﬁoh (3-8) lLeads to

VX En= JUTH VT = JU VT T ~T Tl @
Usnﬁ Maxwell ’s equo:t'ioh

VXEp=-M-jwuHy  reduces (30 *o

M joutm = —jeu LN (TTm) ~V2 T “)
Shhsﬁtuﬁnj (2) into (4) reduces to
Ym0, = /, 2wt [T ) + TP ] (5)
.[e’cthj R = =Vl S‘tmplaj-'re_s €8) to
VATI'M =+ ‘ka‘n-m J L'tJ/-( (6)
and (2 *o
Hp = V(7-Ty) + & 0Ty, )
GmParihj (6) with (3-25) leods to the relation
Tn = J e E

o s ~jkr
3-3. A= 0z Az = Gz Ci‘?"

Substituting the above into (3-34) Jeads to ;Ehefoﬂowinj terms ;

e)"" Shi e)*"
inl ol [drCCa )J C El'[“ kS s
kr =jkr 5k )""'
e [@kﬁ%’ 4k SL R 257 ]
k '*r
yRr
k*Az) = €6 g—J“

The sum of the aboue three terms is equal to zero,and Lt
Satisfies (3-34)

The Same conclusion s derived ust ng
f
A @:_AagaazC e)r
as a Solution
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3‘&_ The solution of V3*Az = -/UJ;E can be Mferred from the
Solution of Poisson’s equation
Bofing = &
Vig=-2+
for the POfentt'a.Q @, (’-C"fa 727) represents the Chav:je density
We begin with Green thesrem

JQC‘FVW“¢V‘¢)°‘V'=£C¢V¢"¢v¢)-ﬁdq (2)

where 2 and ¥ are well behaved functions € nonsinguhn continuous,

and twice differentiable). For P we Select a Selution of the form

|
gt (3)

where Rz{(x_x/)a+Cy_y/)a‘-}.cz_zl)*- (30-)

1)

By Cons}derinj the charje_ itk orig i of the coordinate Systew,
it can be shown that Cproufdeol r#o)

ARy 3
S(sine3 )+ vz @ws 5pn = V(E)=0

(259 O |
Vo = 71 or (P57 ) + Fasine 36
Thus (2) reduces to

| (x345%) 1,
j; P 73 dv/ = _.—e-£ f—r—_ dv (4)

To exclude the r=o sinqularity of P, the observation point
2,42/ s surrounded by a sphere of radius r “and surface X,
Therefore the velume V is bounded by thesurfaces Z and X,
and (2) i1s broken imto two integrals; one over ¥ and the other

of =7 Usinj (4) reduces (2) *o
_J—L‘gdwzﬁ “PV?S“?W%'ﬁd“*iﬁ#’vff’*@w}ﬁda.&)

icqub ~gvyYP)-nda= §[ Ye=(vY) _ ’]-r?dq

a
}:
(Continued )



3'/4 (Cont’d) Since r” is arbitrary, At can be chosen small enough

So that ¢ and €. are essentially @nstant at every point on =

If we make r” progressiwely smaller, Zand its normaf derivatwe
approach their limitinj values at the center Cby hypothesis, beth exist

and are Continuous functions of position)_ Therefore im the Limit
a8 r>0, both can be token outside the imtegral and we an

write that o
§2 (Pvg—p V) Ada = —4T pcxy,2) ©

Since
Lim § 28 da = Lim r’( )r rf§ da = ﬂ.lm . (aa)r‘(in F)=p
/st

rive T’ r'>o rso ¥/

Substitutmf, (6) to (5) reduces it to
Py, ® = ‘mef L v/ + !E§2‘. [Lvg—peG)] nda  (7)

The first term on the right side of €7) acounts for the Contributions
from the charges within X while the seand term for these outside X,

Exparsion of = to indude all charges makes the sewnd term 1o vanish

and 10 reduce (7) to -
Q ko z’g 7
Bexy, = awe) o AV 8)
By Comparing 724, = Mz wlth (1) we can write that
Azcw.i):,&f 3'25";#?"—") dv’ (f)
Jor more details see  D.T. Paris and F. K. Hard, Basic Eleciromagnetic

Theory , McGraw = Hill , (%9, pp. (28-13].

For the details of the solution of c3-3]) see

R.E. Collin, Field Theory of Guided Waves , McGraw-Hill,
760, PP 35-3%. It can be shown #hat

—jkr
he= 4 [ Txiynzn £ ay

Because of the Length of the derivation, Lt will not be repeated here.
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3-5. A ~ [ ar Ar(e.@) + Qg As(o,9) + GoAz(8,2) ] ‘%ﬁr
E = 50A -j e V(V-ﬂ)

[ A
Y= = Y‘y(r;Ar)k Fsma aB (A6 SinG) + Fsimp -9752’
¢ T D Sikr
'lP_Vé_J‘hL-’-— [---...]-I—.Ta__[-...-]—f—...-

VVA) = V¥ =6 SE +dov &+ dp s 82
=& { F e AL 0] + [ - - ilnrify e 3+ }

tdf{ve)rwml - I+H0 T ]
“dpttrco) b5 - 1 +abbovnsr Tob wen &
Therefore

E = ~jwA -] gre V(V-A)

E“'J“’[Grﬂr +a9Ae+a¢A,] 5k >
—=jkr
Jw/lue {C\r[‘*’/ﬂ’-‘ = +r;(- - )+ ;’3(. TN ]
+da[r(0)+r;.(“ ~) + ?i-a-(- WL et

TR ORE - YCRED T - TP E
E o~ %{—j@e‘jkr[ﬁrmhd\eﬁ{+a¢ﬁ;§] ]’ +17'; ce- ]+ ,:ﬁ[:‘}
Ina similiar manner, it can be shown that
ﬁ:;}vxaz—L-[J‘%‘{—éjhr[ﬁr(oﬁd‘eﬂ;—a}ﬂé]}+}"J--'J1~?-%f---]+--

3’6. et us assume that within a Linear and i{sotropic medium, but ot
necessar‘nlj homﬂeneou& there exist two sets of Sources Ja, Ma
and J2, M, which are allowed *o radiate Somultaneously or mdlwduallj
mside the same meclium at the Same frequemcy anel produce Ei, Hi and
Ea, Ha, respectively. For the fields tobe valid, they must Sutis§y

or

Maxwell’s equations

( Continued )
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3-6.Coontd)  GrE =-2H,-Ms W
VXHi= JEd +]

(2)

Vx El = —‘z HQ*MZ (3)

Vx HJ.: :l_E.l'}'Iz_ C4)

where £ = jw (MW<jp) (5)
d= f+jwie~je”) (6)

If we dot muttiply (1) by Ha and (4) by B4, we can write

Haw VXEL = —ZHa'Ha —Ha"Ma )

E«F%XH: = '6[ EcEatEoed, (8)
Subtrac;tmd (7) from (8) reduces o
EqVXH,~H,yIYXE, = yEsEa + éﬂ;‘tll"' E;T,+ HaMg (R)
which by using #he vector fdentita_
V-(AXB) = B (TXA)-A+(XB) (o)
Con be written as
V-(HaXEy) =~V (EqxH,y)= ‘3 E¢E, + ‘?H;‘Hi wE T My A1)

In a similar manner, if we dot muitiply (2 by E, and €3) b& -
We can write
E.- VXHas = YE.E,+Ea Ty (12)
Hyt VX By = -2 He Hy -MieMa (13
Substraci“fng_ (13) from (12> Leads to
Ep' VXH1—Hq VXE, = YE;Eq + 2 HeH, + Ex g+ Hela Crad
which by usin& Cl0) (an be written as
V- (Hix Ey)=-V- (B, x Hy)= 3 E;E¢+Zb H,+ ErJitHyM, @5)
S'ubstr‘acﬁn& (5) from (i) leads to
—V-CEaXHa=BEaXH )= E¢ Ty + Ha'My - E, T4~ He-Ma Ct6)
Which (s Rnowh as the Loyentz Reciprocity Theovew im differemtial Torm.

'l?lki'nj the volume ?ﬂiEjYal of both sides ofu—CM_) and usina_ *he djuerjence
theorewn on the left side, we can write Cl6) as

~$5(Euxtly- Eaxtly)-ds SIS CEr Tt HoMa~EarJ, MMy )dv (1)
v
Wwhich is known as the Lorentz Reciprocifd_ Theorem m hqte\jmﬂ fbm.
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iels G

s = I-cos*y = m
= /1 = (sing-cosg)>
In far- 50HEfielc[s

— ho -le’)
J)Z 4Ty
: R0, al
H/"""J'&r&%' siny

th]l/ = 7&

ATT | <l -cosg)2

b U= U, (I-sin8cosz)

'« Proa:s uofmfw(lﬂsin‘e-Cos'jz)-s‘meded,ﬁ = Uo: %T—r

=4ru o
I)b uoe.::i--[-s

4-2.

0. sinp=I-cos*p =[1~1dy-dr[>
-‘-.Jl — sing-Sin’g

In for -5one fields

ke 2
RTpae)™ e

( = = ;
gy S“SD §p —— s \(l Sin'g -Sin'g

sjkr
H)', = Ep ~ ] L

U= Us (I -Sin*8Sin'g )
Tl'
Prad = Uo( f(l Sin’g-Sin'g ) Sinédadg = U.og [
4.
3Fl=

=l (2dp - 5[ suwdg ] = W4T~

b.

Sing - Sy sngda]dg

Ou|°b




Ir3.

Q. p=o0° (x-z plane)

- kIO’- hjhr .
Efp "'J’z--zﬁ-rg'*"ﬂj |-swn8

~ f!Ier—‘lkr
L] e

At §=0° Ey has onﬂy agdirec.’tion,
Evh’ EB Pb\aﬁtuﬂon

b @=%° (Y-% Plahe)
‘ho!.e—}krl

E 2”______.__.

4Tr
At }5*—"?0:’, (3—2 Flome), EW hag emﬂj Chlp diredion .2

E-Y h Eﬁ. polarization b Q’=%‘_\
| Eg (@)l ,c
; e K /\ r¢
c. 6=17° (x-Y plane) cb)
Ep = i’[j‘—-x“ﬂe-}kr -’ =jy RLAEHT g

4Tr Anr
At ©=% (X, 4) , E‘f’ hag oulj d:ﬁ directiom .

Ey ~ Eg polarization 1Y 9=90°

(c)




Lrofi. . g=0° ¢x-2 plane)

- "‘]kl"
o

At B=0° Ey direction has onﬂy Qg Coml:oneaf

EY’ e _E_p polaritation

b. 95:?0" cy=t plmne)

. T
Ey =7 ﬁ{:{re ; \J |-Sin"6
i *ﬂIo;{ -j-hf
25— cse.

At g=%0° Ey divection has o\aﬂy ag Gwmponenl

E,p ~ Eg Polq.viz-mﬁoh

c. 8=%0° ( X, ¥ Plane
) ke
EP= J? E%i—- CoS &

At6=90, E, direction has cml) Ay Component tY 5=%0°

‘h |Es(®)|
Ey ~Eg polari 2etiov ,( \ '
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Lp. (o) Using (4-2600 = (4=26<) and the duality of Table 3.2, the fields
of an infinitesimal majne(-ic dipsle of !;enjthﬁ ond magnetic Ccurrent
Im are gien by
E = EB = H;zs =
= -Ji@"i&ne L -] gikr

Hr-* 1C°39[|+~£_—-_]eﬂ‘"

-21T7£
He = jRInt kIns sim [1+ v — @nyel gikr
41rr(

(b) Since the pattern of the magnetic dipole (s the same as that
of the electric, the directivities are alse identical and equal to

Do = z (dimensionless) =761 dB

L. (@) When the element is placed along the x~oxis
sinp =1 —@s*p = [1 —1d- 4>

——-ﬁ — | Gx- ( dx Sine Cosp + dy sim6 Simgr + Az Cosb ) |*

ond the fields can be written as

eIl &*

# I, Le) =-
: - R C
By 4mr \/l SFeiRgery =) 4Tr Sm?
b Ex
i o
(b)) Ina Similar manner, when the clement iS placed alo¥q
the -j-—axis

smy = .Jl-CoS"?}J =ﬁ-— I&)- or | * --:JI— SmB SNy
and the fields canbe written ag

Ey=-J ALl ik iy - ABL 1= sis

Hyr“"—,zz'
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\J"ﬁkr" ejkr Sin?y
4TY

Hy = j DGR Siny

4Tr

F=45 S Cowvert Y to spherical coordinates

simy = |— cos® =j — (8xtdy . &)
my ¥ | (_Fz__:t. r)
A A A A 3 %
ax +Qa A, o efetnf { Sy L : (¥ S |
& _"\{__z__j‘_ oy =g+ ?‘2) (ax&mecc\sp’ + ajsmesmg-f—a.gase)

= Sing cosg +_t"@”_f" #&‘né ((oSg+S\mB)

= vz
Thus
" k1. L Sikr
J’Z AT Jl -+ [sin? 6 ((oSg+simg )* ]
G Ty kr
My =5 A2 @ |7 Lsive (cosprsimpd™)

2
Hy = § Zmpr &% simyp

E;K J ‘IQI'mﬂ e)ﬁr‘ Simp

4Tr

3 Cowert Y #o Sphertmﬂ. Coordinates
S.l'nq-rz é:‘ Si‘ne (Sifnﬁ + COSﬁ)
Thus

kIm!
Hgo ) 41pzr J| - L[sin'6 (Gsg+sing)™]

E)C = -j kImt *Im eJhrJ| — 2 [Sin'd (Cosg +sSimg)*]

Tamr



4-3.

410,

411,

E = w5z VxH : < kT, ;
£ = jwe VXH where Hr=Hg=0, H, = ; kT-1sing 1 gk
Jed J s L_I+J*r]€

Since H is not o function of &
| A 1 s : A
E= \J,_,,G VXH = w&{ Or Toing c‘;‘g(ﬁpﬁl'ﬂﬁ)'—ag Tl—i?F (rHg) 4-6‘1';@(0)_]L
which reduyces using the Hg from above to

= L. L »se o =t
- o G T il

Eo =3 ?————”A‘:T‘:’ 22 Lo+ 3 - @] €%

Eg =0
Wave = 2Re [EXH*T = 3Re [ do Eo x dg Hg' ]
Wave = &Wr=%Re[deEex&g%§]:ar Re ([Eel®) = drl—wz,'

Wr = Rl |2] Sin's _ Sin*6 =N |4I L
=1 4‘0.'1 e S Wo 0T ahere W, = gL [*Dd)*

2K, A . T
Frad '"'f Waye' Gr F*Simgdedp = 2T W, g sin do = 2T W (5)
°

D
L=
Pad= & wo = 7 ()| 5
A= dehe= fa ATh gjkr oy po KTl ke

4Tr

“‘S"fj (4-60) ~(4-6¢) it

Ar = Az (oS8 = /ii__f_ﬁ_ CoS6 =Ar (9)*——~ -‘—)A JC‘v.n':?@

fAe = ~AzSMB . _ 4T, g &jkr i

/‘Am Simg = Aj () E__. => A% =-—‘/“L’Tf Sind
A,e' =0 > A,ﬁ =0
Substituting these into (3-57) and (3-57a) redyces o
i gy Tl €)
= %)

B =-Jwrw = 2L g =y AT L kL LT gy
EP‘ = jw% Aﬂf =0
Hr =0

—hr SRy
=0 @) Lo -Io.ﬂe} e
H,G J7 _"AG"J—'W Sng = = .".k_%%___gmﬁ

Which are identical %o (4~260)~(4-26¢)
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; s % ;
R= [Yl“i' (=2rZ'Cos8 +z:2) ] 2 = Tilof ol QFE’C0}§2+ zf-?)] 2

L2
U.sirj the binomial Expansion of
(a+b)"= Q%El: + "IQI\“:I'Dl + Cn)Cn—t)a:'b + (M)n-n—2) & -3!33
it can be shown by le'eti'vtj .
a=r>2
b= (—2rz‘cose+ Z'*)
n=3
#hat
* R=r-zose+ T(g sin'g) +7a (£ *tosp-sin6)
f ﬁ[—?(—wsm*s -508%) ]+ - -
Therefore #he  {ifth termof (4—40) is
| 14
Y [%— (-1+ 6Cos™® —5ms%) ]
{""]3. i Fﬂ?"—’;ﬂ"lﬂximum Pho.se error of /e radians

0.62 VD¥A £ £ 2D¥%A

(@) For & moximum phase error of T/16 radians

V2 (0.385) { D¥A £ Y § 4DY/A
0.8TT5 VD3N & ¥ & 4DY/A
(b) For a maximum phase error of T/4 racdians

1/%&5‘110% $rg DUA

0. 43875 \DYA { T & DYA

) Fora moximum phase error of |8° rackiaws
18° » & racians
£ (.25)-2 DA

V.25 Co385) O¥A & T
0.693TD3/A < £ 25 DYA

For o moximum phase error of 15° radiang

15° ~ Ti' radians :

J15 (0-385) /A < Y & (1.5)-2-0YA
0.159% yDIk & * & 30'/A

(d)
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Llh, 1=5A02 2", = 254

a. Far-Field (Fraunhofer)
r._gj.& 2(57\)",. 2(2B52A*) = 5oA

ABe = Lf Sm‘G) [Q 5)22&4] =0.0T82r‘a.o|5=5.6250°

6=30° z’~z 57, Sox
r=5on

b. Frasne\
=0.62 V&~ =0.62{BA =0.62A-V125 = 6.9I8A

'k a S5A)3 ° . o\ 2
Ao = v ——Cbse Sin a) = 2% E;-?sw)x)‘- 3 (Cosso)(sm 3°)

6=30"
g'=2.5X
r=69318A
A¢e=ﬂ& (0.866 ) (6-5) ™= 0.2212 rads = 12.6724"
(6.7318)

3
= L oa N 12’ e)m s oy mle —jkr ~jR(1-(38)2",_,
4]5 A = di/:..ﬂ. f e! R dz’s E /LA'll'r e { e oz

& o

il T A - & (L =Cos6)
A ,u_xogikr[ " Sl G ] _ An e gjE s
s 4mr “jR(1—Ces0) s 4Tr =z
where Z = -— (1~ cosB)
(a) Ar = Az GS6 Ee = -@As

= For ‘f‘ar-fl'eiol =y {

As = ~Az Siné Ep’ ':-'J“’Aﬁ’
Ag{ =0 Er 2o
Skr iz SM(Z)
N J Z Si
Therefore Er =0 =Hr  Eg=) “?ﬁj:r&e &) = Sing

Eﬁ‘:o:Ha ’ Hﬁﬁ%&

(b) w::we - \_N,rqd s %RQFEXH‘J = J-;?" IEﬁl;

i l lm}l-tol S{h(‘E) \S['ﬂs 2
4mr




=
| SRR ﬁ:f—nf IS de'= é}/“l"f ._f_dei:,f
—ab

=X K YEER= "
x'=Y’=0o

Mo.'lain& a Cha.hje. of wariable of the formj
Z2-2/= -p , dz’=olp
reduces #he potenﬁoﬂ. to

where R = «f(x~xf)‘+ Cy=yriie-CE 252

_.k-‘f a._'_'_'_', 2
A: = /i—fr"-'- m_e)_Li .,r{> where C“= -
~ (T
USmj J @m‘-
b"-\ tL
We can write #he Potentlaﬂ as
Az = - /_“%{ H@(kf’) = /“_Is H& Vg )

b) H=z Vx4 and E—d—&';‘;VXIj

Since A(. =Ag =0, im cylindricd Coordimates
H=p VA = (4o 33) = dg j 2o 5 Hcke)
USinj Eqaatton (V-1%), We can write #he ﬂ—f:etol a8
H =y Hy =-ds ] 2= HPcke)

C
where H; )Ufﬁ') s the Hankel fumction of the send &ind of order
ohe and arjumen;t kg.

The eleckric field can be obtaineo{ Using

= VT HI k)

[ LoFid
E = jor VXt =de Jue L 3 sG] = i oz (Se L)
s Io 3 f"} hIO 2!
= dz [J k‘}_ 3¢ H, )(Je(’) =y pra Hf’f&@)]
Since eH. Hze) RHCke) =g HI%ke) by using  V~18
Aher

E=de [- 52 o 0 ] = =de 1 25 4 O0)
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447* R‘ad ’Z fIal Inqt

<
where T;mi :S- [es(Kass) - cos (4)] de
0 Sivg
hich can also be writen as
LIS =
T =.zf [Cos* (% aso ) + @S C*;‘)—zc:bs(ifi‘.cbse)(bs (4L)] s
© Siné

.[e't'hhj { ®sé=U de
~8inpdé = diy = d6 = ~ S

reduces Iint %o
Lt = 2f1 [ cos* (kL u) +oos*(d)-20s (Y os(4)] 4,

-

| —y=

:f ' Toos* (R w) + cos*(4L) ~2008 (B w) o5 (4L ) T dlu

C(l+ u)
= -lf 'Lt cosChlu) + 1+ CosChl) _-g't Co8 (% (1+u)] +{b6‘f¥0—uﬂdu
Ct U 2\ Lty

Naki-nj angthey change of variable of the form
dv

(HWhl =717 = du = &I
We can write that

2kl Kl ‘os [44 (1-w)]
2 + osCkl)+ GsCckiv) 4 __f SV _f Gs 13 (-v)
Tt = ’x£ - U B dv s ol

&4
= g‘m (+ CoS(ht) —QSV) 49 + ;I(ia:sck.!)-l- CosCV-4d) .,
[+] /u £ "U

5 fl cos [#L(1~v)] dv
0 U

: = Qe
provided V= 5~

I‘f 7z=tlv ;

Taes rﬂ I+ cosc:;i)— coSC) )

Kl
( # cogtlly + o8 (0 Cosckt) + Sine)sin d) ) [ coscht) Gasce) +®mc4d)~wyi
L]

= -
(COY\'tl‘nU.edJ
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417 (Cont’d)
Ling = [t+c==scmﬂfﬂl~ oSV [, _ 25 L i cw) stuckd)
o i ¢ £ D Ch)

: k.
+ Sin Chl) F d S
L7

°

dv ~ a:scm)(**ﬂ (= CoSV 1,
o) bt
which rveduces %o

o= { C + dn(kt) - C; k) + £ sinckl) [S; (2kL) -~ 28; (k) |

t 2 @SChE) [ C + (%) +C; (akel) — 26 )1 §
ohere C =o0.5772

d & e .
5 Praol s ?lﬂ i PSR ?den’cicbﬂ. to (4-68)
From (4-88) !LI"J ®s*(x 6sg) o
Sne

Lettin M= (086

du =-sing 4o } S =1-GSB=I1-u

We can write

I To|>(° @83 @S (3M) oy 1Tl2 f Cos’*(;u)d

o i T {—u* e | —u*
which can also be wn“n‘:en as
| Tol 08? 1 z
?‘ﬁ[f G (:a.’u') du_'.J- Cas"'(zﬂ) c“-{]
o I+ u
Making  anothe r chanje of vanablc of the form
d\;:-:' l_“;“'t } fb‘r the f:rs-t |ﬂTEjraJi: dﬁzljﬁ } 'fbr the Second t‘ﬂ'fejmj.
We can write Prod as

fm* 1 gin*(ZEv) 2 G2 (EV) 1 1 Bl (2 gin(Ev)
Pud =7 2% {i_v_*‘d’”fl_*_“_v d»:]—rzﬂ .
Usinj the half—aw31e Edentif_y < sm*(Ey) = l~2(:‘osglrv}>

recuces Prag to Prad =N ‘:8[‘#72 (11— Cos(my )] oy
0 v

By lettinj =TV, dy=Tdv

We can write Pmd as

[Fad =)K %1§01“ ( !—%SCU Jdc‘f’ IIOI Cin (27)
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L8, @ L@@)= { Lillt32) -dczco

Lo (1-22),  ocz¢¥%

A S)kr A/ =
22 el 2 e Seits
Ay dz 4 f” Tae) €3k Ty,
i1
~ skt~ L2
e)
azvﬁ%?—f (l"" ) )k?COSed,
-~/

a Mo sin (*A(bse)
=0 G 7 (L2050 * 1271 _ sk’ coss

L2
# "
J f_I__-e)‘k'z (osed 2/___. f z_f_,c)hifcosoclzf_ ( 0 i/ejk_zfa,se der}

Af>
¢ _skE‘coss 8/, — k2’0
S-o % e’ dz/ + ( f’e s bl
]

£ Lo o7 : I
*2£ -j— CoS [%2'Cost )d2 /= %/(J("S [!‘iifme]q’)f
=1 S‘m(*;fcbse) + CoS (gfase)—j i

N

oo (& agp )*

AU")"’G /"J ’kr 1-cos (¥ cos)

(Yo )*
A __\*r !
Po=asA = - pd 7 sing t~ifc%—chs~e)j
Ap = dy-A = o (Z o)

In the far-3ome Er >0
kr 4
(=) [ = 8(*% Gse)
Ep ~ \w & o Sivg =
o =)“Manr { (L cos6) >
By >0

HE 20

Hs =~0o
g Eﬁ/?

¢ Continued)
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A4-18. (Cont>d)
b  from 64 58 A%
Ep = J’? 411’\“ Sma [f FZ2 gy d-zf]

7—-—-—9! 9I0J =

Cos (B2) * € e
LA

ﬂ?t a:.—.jk(‘ose and b= ..}r. y use fp,uau);m& im{'ej fg,ﬂ farmulq

(Cos bzretiulew €% (acosbz + bsinbz)
0 + b2

jkr k2’ Cose .
=y RE . =
Eo ,J’( Sing I [ e [)kCose CoS Ii -;-TSm a8 1 E

41T a
(‘f[r') ~ &350 -4/,
_'kv' %
:'..J)Z 2= Smﬂ I [ )k "/JCOSG L & e_J* %a)ss I ]
L

Sk (£)=4s's (F)-kess

k P, 44 3 s
5= 7 Ib4_rri Sme':}_r" 208 (Fese) . L os(3ess)

_'n'__)a K 0sB J (awr 7 sine

hr ;

i I:::Ti’ sing - I 205(Bose) | LEWT as(Eest)

(T)* k2cs® ) Taur s

‘CoS0

dz”

keikr ,

© Eo=j7 4:r Sing [j I, Cos™(F Z) ek
e

fet a=;kss and b=F 6 use the fouowm& mffjm" fcrmu[a

aZ az :
SCoslbi e *dz = %: + E_-bl (‘E‘- (os.zbi‘-l-bS{nzb:E)

k&) -itr k& Coso k R

& eJ eJ 3(039 3 coa

Fo =) Sy Sine-Lo 3k cos6 T ("f : S”E’+1S‘” I"’-')
(3)-kos

St 2
2 %S qme.1, {Mﬁ@i) + koSt Sm( (os6)
4Tr . RCose (%!3‘1) P Cs

s 0s8) | sy SR GsH)
AR (056 (-?iq)&"' kgco.;_;e-

er
ke
Hy = | RE—sioo T, {
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[;~19 VSWR = L¥ I C= Rin - Zo 54 B =50
: L=l B+ 2, Rin Sin*(El) piks

(o) A= Ve 4?1/2:“'/4_’ Rl=T1/3, 2&L=T
r=604{C + (W) ~Ci () + ¥ sin(E)[Sx(m) -_23;(111)]}

Rr= 601 0.5772 + 0.45158 - 0.490 + ifl-SS—z -3698) ] } =6.86388

e
K Sind(kly ~ 60308 =18, 477
S %) sSin*(g)
I4+0.5704 2

13.6776 + 50 | ~0.5704

by U=2A/2 : dlf2 =2, RI=T, 2k{=2T
Rr= &0 {C+tn(m)-ci(m) +30s0m) [+ In(E)+C;i(am) -2Q(n)]}
= Go { 0.5772 + 1.144T3-0.057 - -QL [o,sqqz.t 0.45|58 -0. 02217 "2(0-05'@}

Ry = 71313 @ R = ‘R" =IEe 73.13
SR Gina(T)

[= T313-50 _ 4 ia985 = VSwR= 108785 _ | . ¢
1313 +50 | —0.18785

(€) = SAA4 ; kl/2=3T/4 , kl< 32, 26)=3T
Rr=6010.5772+ tn(30 ) ~Ci(3T) + #s5in (&7 [S: en)-28: ()] |
=604 0.5772 + 1.5502 — ¢0.1983¢ ) — 3 [ 167473~ 2(1.61)] f

Ry = 185.965 = RM:M =37/.93
Sin2(31/4)
7630 138
= _37.93-50 0.9630 = VSWR = :11.776?30 = 74386
37.93 + 50 ’

( Continued )
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419, (Gntd)
dY L=2A ; kl/a=11, fel=2m; 2kL=4T

Rr = 60 {0-5772 + In(a) ~Ci(2T) + 3 CoS(2m) [0.5772+ {n(T)

+Ci(4n) ~26:0m)] }
=60105772 + 1.8378 - (00227) + 3 (1) [o. 5772 + 1.l44 73 ~0.00§
~2 (=0.0227)] 3’

Rr=199.09% 9 Rin = 1720 - o
Sini(m)

[e.tte 50 _ |—50/c

e +50 | +50/00

=1 2 VSWR= @

4'20 R 80“1(7%:)1. a= GRS f= 10 MHz K 4= 5.7x 107S/wm
= ::L ""J - A o 6\-‘ 0 2w X.IO"(AJTXIO‘Q)
Ru= Rhf P 3§ ey {17%0' 2T, U_,_or .zmlo‘/\ 2-¢5.1x10")

R.= Rhf= 1.3245(%\-) : £ 4 D28

Rl-"‘ R'r’

Ay A
G A=2/50; R = 8011"‘(“50_;\) = 6.3l6 chms
R = Rug = 1:3245 (5g)=0.0264%

Eof = R’rR xi0p = O0-3l6x100 _ oo 50y,
o 0.02647+0.316

®) L=%4; From Prbays Rr = 68388

R. = Rnf = _"324‘5 = 0.33Il

6.8388 X100
6.8388 +0.331)

€oe = = 95.387%
(Contin ued)

53



L-2() Ccont’d)
cc) L= 2/ From Pob A%, Rr = 7313
i DL 4B 45 ¢
Ri= Rug 5= = 0.66225

ec*d = 73,13 X100 = ??.!o%

733 +0.66225
). 2=A; From Pob 417, Ry=197.017
Ru= Ruf = 13245

199.63% + 1-3245

X100 - ?‘?34 x

geikr s 270056
4-21. He=J 41rrq -Siné [f T Cos (F2) e’ d%’]
|h‘ :
HG J R Im€ e)ii f'bsede

4rry 5"‘9'[!" oS (F2°)
Usmj the same formwa in Poblewm 4-18 cb) .

] ="
o =] wabeone Fr2onost) ket s
(= 4 s

. Tm &*r cog(Fcosp)
72Tr  Sing

1R ™
Eg=-nHe = In & en CoS(=C0s6)
> )?‘ 2Wr siné
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L2727 (o> vsz=L'.r'_\_:}1r|=!3_W_u=‘2-—l[-:{é.l

2=\ z;'m £
Zin+ Zc e Fas
2 Ziw _ 1
Lo.raesi' _k"‘[ Ié e
gz'“:“-z =2 Zin= 2Zc = l00
® Rou=t.14 g4 Mo < 4 <
T2 < kd)a<¢ 2

loo= 1I- 14 CT““?

100 _ ~4IT
e 8.9767 = G+

ﬁoawfs—‘?'?’é’?) = 4.1‘Tﬁaal°(6) . 0753= 47 fo&,, G

F

= 2286 o
0.2286 = Log/ &, G = 10°**= (6728 =4 - ¢¢.9%

4l =2(6928) L= 2(L6928) A _ 16928 5 = 0.5388A
g 2% m

L= 65388

(©) Rim= R 5 Re=Rmsir(#)= tos sin*(36.97°)
s (%)

Rin= (00 ( 0.9926) = 100(0.9852) = 98.52 6hms

Rim = 78.52 ohms

423, wm=5_'rz(lEel‘+lE¢l‘)=$[-“”Lm T2 KA+ 4 AD) ]

L6 T2
2T an oW
Pog = df S22 [7( svrte de dr ] [+ 4ni]
) 0

_ 0WAI2 (4*A*+4A2) W _ 8w
Hod = 24 If"ﬂ[ 3 @-(o L sin’s dodg = & )
()
= 2P _ @WE(RAM T 4AL)

&
Elliptical polarization Since . g :
g(t') — ‘—CUE'kS]MB' IO Alsin(wi_‘kr) ae + GJ_M__ ksn’s IQ'.P!: GSCUI-—*") Ay
2mr

4nr
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&"24 DIFOIE with L= Ao

E*~ dy j7 Lo éjkr{ cosc—}cose)k
T ,Z WY Sing

e

A -‘kr
-Qg m ke’ {-—Cos (ZLcosn)
= R simg
= W - kr
=08 Jqé_@i_ L c.os(%(,'os&)
S <jRr
E" Sl oy 2 @SR o)
4mr T sime

A = QSh
(2) hete) = -dp = os(z @s8)

Sim6
] , £ A CoS(X (os8) il A
cb) | hece) T ilstle e e e At / = L =0.3I183A
= K i Simo max ™
&y halillngy = B _ 2 _ ol
L=/ Afa Ll fe
which is  63.66 % of 4
@)y, = lhe'E;[ ol A A cpc TOke) 163
. " o e Al 6=90°
= ‘& 10_3 = I_o—:? — "4 '
= & (7:) 07 = 3183 X16% Velts

él"25 200 M :
% []{_ - *'I] % b=90°, g = 40"

At = 300MHz | A=F =1Im

= '37%;= 2(8) . o5m
P

r=200m>>0.5m

A 2 * Ay
(Pr = (4-11'1‘) GI'O't Gl'o'r = (4“'?') D°-t Dar
. A— for lossless antenno
Now Simce. Doy = Dor = 1.64-3 ]cor —g‘: dipole.

B = {Fass) €1643)(1:643) W= 02mW
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ﬁ‘26. The time aueroje, power denstfj (Way= 3 IL“ )
II°I os™ 0 20Ty
Way [(szn*e 5@} Prag = ,?u:cl _ CoS(‘,_cse)de

) Sin*g
i
Prod= = Rm,]ﬂol- e R ;ﬁf[_2r+ﬂnm)-qm,]=30[o.5f///2+:,838raa3
I’\)Y‘ng‘ = 7\3- 0523 P

Prad <0.5- 100) = Sowatts . -
|T.) = 1.36888 .

5o =% (73.0123)|%|*

At r=560m, 6 =60°, #=o0°

136668 Cos*( 3 oS 60°)
a8 = B ey [ - -

Way 8 (500)* Sin26e°

_1.36888

T 25 x10% (0' 6667)

= |743Xx10° wWatts/m2

= 15-

42T, @) T = I sin[k(E+iz1)]
l=2/4 . Z= M8
T = LSn[R(Z+5)] = Tosinlk A-Isin[R 2
=I°8|n(-f1_-r-)
Tiw = 0.707 L

Rin= ($2)"Rr= 70?1) R, =2Rr=2(73)=146
= 925)=8%5
x:“ = -Im) Xm -3 7071- )2 X'm =2-'XM 72'6_4'2-) 8
Zin= Rin tjXin = 46+,85
JIRESIBS " A OR o 1B B T'?é')xm
Cb) Tin= 146+J85 146—J85 168. 94-1

(= +j 2. TTBXE S Xm = < = -3335776  (Capacitive)

(c) Tn: = B.115x 6% =2 Zn= gusx103 < 195.503 0}1%8

“/
lr|= 195.503 300 | . |04..4%66 =0.2| ‘T:i_wr; &@Ilﬂ_l
195.503 + 300 4%95. 503
vewg= (It o2 /-o0.21) = 1-5346 . L
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- l=2, Z:=50 chms
5 : bR T e
Zin= 73+]42.5, Yin= Zi= 73+j425 73-j425

Yin= 00[023 ~]0.0059563 = (10.23~]5.9563)X16°= G~ B,

i = s i e Bin = L
Bm = WGz zwam = Cl'1 2 %;Bffoxx?os) =0.947917 XIOZ
- Cin = 094797 pF
Gin = 10,23 x163
Rin— Zc _ 9795 -50
Rinsta, — 1775, Fe=p —o-=0 5 B d0d0e
VSWR = | + | Finl _ 1to03232 _ L955
| =G | ~0.3232
/o = - o b A =~
429, o -Gy abLekr. smdas)| 2_%.5.M.(1>
A4 o | i
b= 7?:
g o5 lp Ioe = 5 )RT
Ele,:ﬁv e Ce b Jg%f— hee)
he(p) = Cle‘b o
1 7 -'h\" ‘kID el ;
mc 2 ho.Qe-} = =
E o d) 7 —“;,T—P—S“B,H anq 4T
lha(ﬂ)'Ei"C‘l,_ b:rI:-ﬂ[ |
lhece)lh_-léincz Ib] > hL i.IoJI ke
AT

PdB) = 10dog,, (1) =0dR
- 20’ e dx +) o
ol va C[a]] C"‘Ei“l“ , at =0 =
V 4eJ 0° JC V— Q. = 4\!‘@,}-20 = 4\,5.8— =
By ed%)[“"zd”dj@”")z (8218 )< oz ™[ 24T ]

= 4087 [2+ ] (6530°+jsinze®) ]
=40 @™ [1.5 +j0.866] = 40837 [1.73€7%°"]

Vo= 70 9% = 536-j45°
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f=3cm , A=5am, I=loei®’

431
- 3 ;8
ry 2= 3-’7‘5—‘3“: -‘.,SQ =360m 2 10cm (s in the farfield.
1 - ~ ~ -
e -g-=0.6 > lenjth of dipole is Finite, 4-‘5_1. =M %: 0.6T
=ik .k_ﬂ = ¢ 2
Eo'x [ I & r[ Cos (% Cosp) CoS(%)J_, T 67K [Cos(0.67os5) +0.30]
amr = "'JT ]
: & Sing -y Sing |
e 3 (<. (68 (0.6T-C0S45°) + 6.307
. = 0.7703)
6‘:

~jkr o et - IW
e D kr=r = 2210 =4W = (2. 566 3 rad

160 SJ4AT
< E = 3 20T I, %% e 5 (0_7:703 o Jl.52
.57 21 (0.1m) ) AN

= _ 46 =
lEGI 4620 'V/m g ngl = %:% = |2.25 Ampere

4’32 Lls‘ma_ equaiion (4-79)
~Re  _ 2odhws Ci35568 ohins

R‘ —_—
5 Sin*(#¢) sin*(0.6 T)

k!: _E’T_I' ; .2*,0:3“’

Mg

pE

a3l
@) Usina (8-600) , (8-60b)
Rr = 185.808, Xy = 190-7967

b US‘tn& (8-€la), (8-6lb)
3 |G E0R. o . _190.7%7 _ 3g5.5936
Ri GRS - O BUT6IT ) A Sin*(34T) 5%

P

Sin*(34m)
C) _ 37/.6/7-300
- = 0,106
37/.617 + 300 €3,
VSWR=_| £ 010663 _ | 5387
| —0.10663
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434 . L=0.625 A,
G. Us‘mg_ (8-600), (B-60b)
Rr = 131.9415, Xr =146.31638
b. using c8-6la), (8-61b)
Rin=154.579 , Xin=17/-203

C. "= 154.57% =300 _ _; 3199, VSWR= |++o 319) _ 9407
154.579 +300 —1-0.3199|

4"35 Q. U=200m, a=lm, =150 kHz » A= 2000 meters
Using (f1-27)

Zinx 20m2 (§) - I%M-ZGW*(“L) “”_("’""__'ﬂ_
*an (w ) *an (/i)

Zinpat = 2+Zin = 249739 + ] I377.07
Ziput = 3.7737 + § 1377.07

R 2 1.973
b. Rediation ef-f-lClency 100 - RL_‘_;'_ = '00"37373_;—‘4?'67%

C. RPF I A e -3
IIm(Z..ru)l 1.377xi0%3 = 14334 Xlo

d. X=-In(Zinput) = 7 1377.07
= 4/ RetRL _ 29737 .
n 1{ _E.bl.._ f 37 - 0.282
€ The answer to this part was found by manually entering. values

of X untll' |Pl=0333 was obtained.
The values obtained are

X1 = 0.79803
X2 = 1.00198 |
The Cornespondma percent R /
bandwtdth is
BW = (xa-X,) X100% =0.3957, r
r




? wh
4‘36 E9=17H‘%__wgmg-costkhmse) ; 0€04T2, 0K FL2N
T

Wae = liRﬁe [EXH’]— IEell Or R—I S ]&m"& (e3*(4h G 58)

ol
Frad = Cﬁ {WWM' G, r2singddg = 1 lt‘l‘il thm% s kh@se ) d6 dg

B o

[ sin3p @S (Rhase)dp = \*L"I[ g sind rH&M&hQSe)J“
v]

W2 /2
_:ﬁ' E%‘ { L sin’s dg -!{ sinss-ag(zhhfose)d.g}

Pmd-“-.-;%-l‘-"l‘-ﬂ-‘-':t I, +1. }

where T, = g“’z n3pd = -5 CoS8 (Sin'B+2)|
6

/2

=-—2-'-
3

/2 /2 S
1ss g sin’ cos(hh&se)dﬁ-tf Sin'g -Cos(khosg) Sing de
]

o]

let M= Sin% V= -3k, SN (2kh ©5$6)
du= 261M6 Cos8dB 4y = - Coscz'thosﬁ)_ o (2khCos0)
Thus 2 T/ Tl'/z
Ik Sl:h .sin (2kh (os6) +Tg§ (36 Sin(2kh Cosp) Sing de
let M=(oSp dv = - 5hr Sin (2fhcos6) d2khtoso)
du= -singds D = it CoS (2khCosB)

T/

T/a
I.= 0+ — i Lo Gs(2khwse)| + 2kh( cos(zkl,cose)smede}

2kh | o kh

= o h Cosb T2 =2 @S(lkh) Sl\'l(z.kln)?
T B et 15 M e Ry kh)?
Therefore

l[_l_ Cos(z-kh)_!_S'm(zkh)J

Pmd'""i%'@ﬁﬁ”l?’“’l[% 3 Cakh)* (k03
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U437  Eg=CSind GSkhosH) , where C, =7 Lsikr
amr

a. =C, SmMé-Cos(kh® %
Ee[a=3°. Cy St Se)le=30° 0=>Cos(ﬁhme)[g=3°o=o

*hos(30) = 2Th (0867) = (0s™(0) =L = “4’5?&25)'“: 6.288N
b. § = 2
= W e k
[:SL-Cosfzkh)_‘_S‘ln(a.kh)] , 2kh=2:(3L) . co288n) = 3632
(2kh* (2kh)3
D, = 2 2

O — s
[z - ©S@3.632) Sin@3.632)7 14 =
(3.632)% T (3.632 ] [ +0.06689-0.0083]

&4 = I\a (oS (3. n (3. i
Re= (A1 [3 - B D)2 e ) hand <3z

4-38. Eq =Cy SingCos(Rhcos) where Cq= in kL L Tkr

2mTr
Eelh_ = Cy-Siny @S(Rh(6SBn)| =0 = Sinfn =0, @SCkh mg")lh =0
Shbn =0 = Bn=0°

=512=714d8

st h=2A 22N

COSCkkfasen)l = CoS(AT®SHA)=0 P AT Sy =CoS'(0) =+ (2T, n=0,1,2 --
h=2x

Gn = COS‘1[* (2"'*')/8] ) Tl=0,|,2,3,4-,‘ i
n=0: Q= (oS'(tg)=82.82° .
nt; O=Gsied)=ezger [ For 0co¢qr
n=2; B.=0S'(*F)=5132" | (for %°€0<(80°, fhe field is zero)
n=3; 03=0S'(x+Z)=28%"

=4 ; by =0s'(xZ) =Desnot exist. The same hods for n»5.
Therefore  where the field vanishes {or 0°<8&90% are

8=0°, 28.96°, 51.32°, 67.98", and 82.82°

) Sjkr
&‘39_ Ee =Ci‘Sln6*COSC‘kI1CQSe) : where Ciz j,z *Izﬁ-:\ ..Q
EB l0=60° =C|' gl%o°)‘c03(*hq @S (60’)) =0 é CQSC hl‘lh COS(6O‘)) =0

*hn C0S607= khn(3) = % hn = 6S(0)= £(REL)T, n=0,1,2,3,---.
Choosing the positive values

hn = (2‘“;_.1)7\: N=015:25 8 5

hn= 05N, LEN, 25X,357, 45X
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L40. & (4-99) &5 C.sine-[zfosdeh@se)] 7 AF= 2[Cos(&h@6‘0)]m; .
CoS(kh CoSBm) =
Q. ¥hGe36m =@ {L) "E)M‘- EC"S'(ﬂ)“ mr*‘m&)*i% , =0,1,2, -
om=(s'(xMB) ; m= 6,1,2,3, <
— 7 = {0 = ¥y ]
m=0; fo= oS (x0)=90° o§'(Va) = 70.5288

m=1; 8¢= @s'(x13)= {°
; e i CoS'(=Y3) = 1094712° & Below Ground Plane )

M=2; 8,= S'(+25)= {@s‘ (2/3) =48.18947 °
CoS'(“’-/S) lSI,BioS"C%" Belocwo Ground Plane )

m=3: 0= s (k)= { ®s(L) =
Cos(-1)=l§6 (= Below Ground Plane)

15

Mm=4 : fg= CoS'(£4/3) > does not exist
b. Egm= C-Sing [2-05hh(os6) | gy = £2C + here 6=70°

C. __Ei = Sing- CoS( kh Cos9)
bm

§=0": 59.1 = g 20110&,0(0): -0odi3
48.189 X = 0.745 S5 =34)0q (0.745¢)
b= 481897°: Egm =Sing: Cos(khc sejh 2 7 S &
S - 25548
Eﬂm EB
0=170.5288": Ep/Epm =Sine: Cosckhcose)lh = 0 M8 =2 —*-20!2:61.0(0 #28)
Bo. _s
Eam = ~051I5dB
690" : Ep/Egm = Sine: (bS(thoSG)!h 2= 135 © = 20004,,(1) =0 B
m
t}'l-ll Q. Zin(l= /2-)‘_ 2-2"“(1 K)l (le‘tjxtm)' %
abOUE jYDU.Yld Ph“ 5 ‘free SPQCE 7;/F/je/j//|/ 77
From Problem 4.19 = Rim =Rr =199.099 Referred o feed at
X A g2.E Center of Az
From Fijure 4.13 DXim= 3:)] 2 From Fig 4-1%
above ground plane '
Therefore.
Zim (L=Na)| = B2097 4562 5= 99. 5495
above: ground plane Gontinued)
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LL] (Cont'd)
Zim  _ 9964954625 _

b. Zin=

sin*(kd)  sin¥m)
C. I'= 2w e @-50 _ |-50/o0 _
Zin+Zc CO+50 | +50/c
R o [ O
VSWR ey
- Xim Can also be obtained uginj (8-60b). For =2 24{= 2T,
2k1= 4w, Thus

Xim(1=22)| = % Xim (1=1)| - 57% TQS;C&.Q)-%COSCM)[QS;(M) —8;(24:(?)]]
Gbove Ground plane free space

= (2
"é%%r (28i6n) + @SR [28i61) -Sit4m ] }' =15{201.418)+[2¢1418) -1 4721}

=62.9 /

Lh2. . :
:60" lzoﬁ

g -k
L43. Es =7 % sing- [ 2cosCkh038)]
|AFlpgy = 1 CoS Chh@5B)| gy =1  When KhGStrg=T

RhCoSBmox =T, kh 6 (60°) =T,
W h(3)=T, h=n
No matter what the heijht is when @=%0°, (tis o maximum.
So You qlways have o woximum ot 6=90°. If You want a moximum ot 6=60>
then &hcoS@ =nm, (n=1,2,3,-) leads tvamaximum ot 8=60"
pel: 4haselp, =T, h=A leadsto maima ot 6=90% 60°

If you Check Closely, it also leads to a maximum ot 6=0°.

So you can not only have one maximum ot 8= 60°
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LFLL[# Eg ~ Cq- SiNg - CoS(%h (‘ose)‘
6= 80
CoS(&h(os 8 =0, & : =T
o . D, b=8o° . khme[a 8_%-[* %}’has&[e:w =
——— =[.4397 X

h..._._.__.

4 SP le—so 400136) 0.6?46

h=14397A, A= 3Xi08 - 30x)0”
Tig are Ll s ters

h= 143970 = 1.4397.(6) = 8.6382 m
h= 8.6382 meters
445 Using the coordinate system of Fiqure 4.21 the total field is
ﬁ-.Uen by (4- HGJ or
Jrz hoﬂe ,/[ Sinh g\gmp’ fthm(thoEB)] 0LOLT , 0< ggam

However if we rota.te the oxes So that the =z axis (s paralle| to the oxis
of the element and y is vertiad to the qround , the total Efleld am be

written as S
o =in kIoe -Sing - [2] sinckh Siwa»S'lnﬁ)] g

Prad = [‘ f Wave arr Smaﬁdéd)ﬁ =57 g S‘[Eall risinedpdg
Rad = 71“" f f Sin*g-3in*(khsinpsing) dedg = = ,kl.‘:r‘ﬂ
i fbs‘m‘e { [ sin*(kh Singsing )dg }de = Yosmf‘e [1.]de

T m < 1
where I, = E’s‘ma(khe‘mes‘m@dﬁ_—_ ;—ﬁo dg - ﬁ oS (24hsing simg dg]‘
di} 2 i 1\ .

- -2'-{Tr— fo ( —%a,_.ii_ %,f Rty ) d;sz , where 'g-zkhsmesmﬁ

- I A {r- 4 (e + i [yl - s ]
Em““{ (£ dﬁs S o ) e f m;zdﬁ
: .

Ii= 24
I4= QE'EC Uw@i‘%—“[l[ singdg | = Z(ﬂ)"“ (::t) go Sinpdg
o&=khSing )

&
From Mathematical Handbook of Formujas and Tables( ¥ =2xsing
Schaum’s Ogtline. Sertes , P9 % Equation 15-30.

T2 =
f/ '&le = 1'13.5- - .- (2an-3)(an-1) us i1 o % 4

M—- pl

Sin n= 1
e 2:4:6- - (an-2)Can) = :
(Continued )
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(45 Ceont )
Thus T f N (;:ehsme) T A wlnereA -5
am |

(an-g)(.zn -1)
2:4-6 -+ (2n-2)¢an)
= | S h+| h ol
I—- g‘ sinde [T, ]de .?——_ A) Cit) ,) (,_) Azng; S(n (5::!9
= nt (2kh T""".
“-ﬁz#( DS ({m l) Annf mﬂde

USlnﬂ Series @1whon 0 f the previous reference, or
%

- (20-2)(2n )(an+2)
-3 5

bl n=1,2,3,---
(- @n+)(2n+3)

We can write thal e
s T'£ (."'I)nﬂ ((2*!? (Azn)(uq.m-rg,) AJIH-_;: :

|- 35‘ .
However 1-3-5 - -+ @1=3)@n~1) 2:4-6 -
A Ams LYY E

(2an=2)(2n ) 2n+2)
-(2n-) @GnH)(an+3)
=-@n=2) (2n)(2ntz)

- @)@y 3)

(ap=Can) 1°3-5.-

= @n+2) /Tan+1)(an+3)]
Therefore I=Tm L(_,)nﬂ (24h )™ (2n+2)

@m! (antX2n+3) i
[(2“&)" _ (2kh)* ¢ + (2kh)6 8 e (2kh)  (2n+2) ]
Z1 35 4 5—*7 NeY 7.9 (M1 (N)21+3)
which when expanded Can be written as

I= n 3 [3 +("&h)1("3l y] ‘gl)‘!‘@hh)l‘(fﬂ' "ZiT "f";"lf)*- 1 (2kh) (
ReCombmm& appropriate terms, we have that

]
(@) (2nt2)] {a}m)}
T (3 aunleM 5 Gy Lo } |-G 5 o k)™
T (akh) (2n+l)/ (242'1)“ 2T e (2m!
3.3 21+ 3
ot - 1t 2 et

z:ms*r]}

which reduces when expanded %o

I-nu[%- si(rlxkikh) _ Cos (2kh) , Sin (2kh)

(2kh)* (2kh)®
Therefore the vodiated power Can be written as

Dy ku) I-= 7"!1"1) [2-

Sin(2kh) _ oS (2kh) | Sin (24h)
(2kh) (2kh)* (2kh)3
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Lt‘{-ls e Ciy | -Sin8Sin’g [Sin(khosp) | C,=-7 kI, (ETkT
2R
G. E’p (9""?0") = Cy (oS -S‘ln{thos{)), = C, €oS(45°) Sin C&l‘)=0
p=45° G=45°
%ﬁ Sin o) =11, N=0,1,2,3,-
Clms‘lrﬁ the positive values and excludina_ the n=o value, we haye
the Smallest heijht of (n=1)
h VR LT
b. h=% 92 h z(K) = 2@ET =88857
1 Rr=l20T1* (-éé)" _g_Sln(2ETD_ (S(V2T) . Sin V7 W)J

— 0.’70'7)\.

. 20T (2(3.‘1:)1 (22m)3
Re =120m2 (55)* [ - 005775 + 0.0086% + 0.0007316 ] = 0. 294
2, ®h=V2T Py L 4
9639) = 4039 _ 50

D =
d [$- 057765 +0.0108694 +0.0007316] e

Da_=5-98?3=‘- 7.774 4B
[4'11-7 qu(p:?O.): C;rCoSB SIDC*"\ CDSG) . sz —-rz M

2mr

E,(p=909| = GorCosbu-SM(0.0072kaSkn) =0
¥ h= 02077

CoStn=0 2 On=0S'(0)=%0"
Sin (0707 AR @S 8n) = Sin (L4I4TC0SBn) =0 1-414T (0S0n = Sin (o)
L414Tr CoSbn = Sin'(o)= ENT, N=0,1,2,3, ~ -~

fn= Gs'(z 4‘4) 17 o e B S RS
N=0: bn= Bs'(0) = 30°
n=2l: Gn= @S (1:'4,4) =45°
N=42: Bn= CoS C‘tl ) R Does not exist.

The Same holds “fbr n:3,

} for  0°¢6<90°
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. - R
d__ N klmﬂ e 't
He J_,ZTT}?‘“_“SIHGI h
b "'krz. ”/,//,/////,E’;,
= = kImﬂeJ . Cl e
HG 1 —m-— Sind. : t
Nn=sr- hcose I)base - Y= Y‘l-‘-ra.,‘for amPhtuo{e }:P FOJ‘ Ffelo{
T}_ur"i-hCaSB 61=61:.=6.
Hm!e'}hr [z'S'ﬂ (‘khfo&‘ﬁ)]
H§e= J 74]”_ sing | SI
s ki
ﬁl}g Eed= ?‘kbﬂe] . Sing T a
Ioﬂe ///3///.// /‘B’////
— ﬁ =00
)7 4T Sme‘ o \
Far-field 1 1 =r-heese } phase
T'; . r+h COSB ;
(Y=ri=ra, 6=6:=0.) amplitude
< iy ALLEHRN o1 ojkicose S jkhosb
Eg Jr( -TSINQ [ J
Ey =i kroﬂeﬁkr.‘sing'[:zjgm (4hCose) ]
4-50.  ngtels Hl + Hg P=4
Hd-.; J&Iﬂg-e ‘hrls'ng "777,77777"/7“77”1
P 74T, gid ém=co
T 1R 4
g = JT;—J;«;I—GL— Sinb.
For Far-field. Yi=r-hesé 3911&&&, (hmrar 5 Amplitude
Yo =T +h@se
B = 91 gr__
Hskomﬂ*:_ %ﬁge—} Sing - [2CoS (kh COSG)]

43l a. Bg ey “ID ——rsins [j2sin(khase) ] g f, source
Sln(‘thOS6 ,) O-)'khq @360 =hT, n=1,2,3, - g ’:’ 7 2 iw/ ﬁM’C
biw BT R he

RC0S60°  2Cosgor =hA vy tmaje

Smallest h 92 n=1 3> ph=2a
(Continued )
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451 Ceont'd)

b. Woaw = 2,‘;' i ?;:fr)l l:[},]2 (ﬂ) .Sin*8 [4sin* (kh(ost) ]

U, p) = Y‘Eg r*Wa = L(5)° [I,,l 2 5in20 - Sin”( kheos)

_ AT/ { /2 E
Hhogl = g ZU@ ,§) Sinp de dg =W?(%) | To | R; sindp-Sin*(kheess )do

= L , Cos(ekh) _ Sin(zkh)
e 7\") T {3 (1kh)" =

h { 2 - 2
%—; ™ (R) |2 {3t (4;7); =T ($) | To|*0.3397}

- e e AT U(0=4552) _ 2SIn°@5°) Sin® (2mC0s 45°)
i el Prad 0.3337

2P = 2.7¢ = 4.37dB
e ) l“qd
r 11 i u7 )% {0.3397}

Br - onx ot 6.3397 = 213x10°,

L-52. Since d<<a

e hﬂ 2, /!
tC\ﬂw — -a—ll—- _'ai;'-: dh-»d| $h1(d di) d hl

di (+h'+hf{)=hid > d hd  _ 5(20x03)
: b hivhi  B+lLoog  77-5Meters

= htl s =1
p=tan'(gH = tan (5 ) =2.87669"
b= Lo _ 18

—

WE amxe?(5x16 Y 36m) T B X

Therefore the earth is a jood dielectric 37, = J'“-—“ = e
The dtuerjence foctor (s equal o (a= 5280 miles = 8.497368 x10°m )

V2
hhi 1A 2(5)C1,000) A
= = (|+0.
Dellaz is 2 ad ey [H ta.wzssaxlo‘xzxm‘*a.os)3] (1+0.0004¢3)
=0.99977
and the reflection coefficient ef-rual to

RV - 720 CoSB; — ?Z| CoS 0Bz = | Mo J"’ ° o
720 COSQJ. + rll (oS 6t ! here‘ 70 r )ll +JI.J€| ‘J;g__l

Yo Singi =¥ sinft = BoSingi= B sinfr = Sindt = isme,;- \/g;'!i_ SR
(oS B = \(l*s'm‘et = ‘j|_._£% Smae{ —-/i »S‘m 64
Therefore

CoSO:i— Cosex _ Cosbi — \r-{ -Sinbi/er _ €r (088; — Jér —sinés

¥lovE 2.6 X161
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L5272 (Contd)

Bi = 90— P =90-2.87669°= 87.1233(° > Sin6; = 09967, @sb; =e.0502

Thus p _ 5€00502) = {5 - (0.9987)2 _ -1.749%649 _ _ . 0y
= o —=0.777
500.0502) +{ > —(0.9987)*  2.251649

e r ¥ ’ o ”#
ED g_.J,l I.g.(-.'.ﬂt Cos(g-Cose) _[e}kh-&sﬁ_'_ DRy ejkh.msaje- %

2ur - sme >87.(2331*

ro= [d2+ (hi-hf)> = {20,000+ C1,000-99.5)* = 20,020.26m =66,734 207A
hi=5m=16.667A , hi= lLooom = 3,332.3333A
To e‘]¥(66,934.2o7?\)_ Cos (L cos(87.12°)) ejkl.,;' CosP; 5 e—jkh.’(a:&j
2M(20,020.26) SN (§7./2°) Tay
g1 X 8,734.2070) _ gJ3M0-207) . @132 (o5 (70.8529) -] sin(7k52%)
= 0.2669-j0.9637 = 1/-74.52°

CoS[F S (82129 ] = 0.996887 , Sin (47.12°) = 0.99874
Qikhi Cosbi — o K (16.6671)(0.0502) = @J2N(16:667)(0.0502) _ 15257

= (03(301-2") +]Sin(301.2°) = 1£30(.2° = 0.5181~0-8553
GIRMICosti _ | /30120 = 0.581+] 0.8553
DR ") khi Cos; = 09997 (-0.777) [0.518] '*'j 0.8553]= —(0.4025+j 0.6644)

Thus
e'jhhf Cosb; +R Dé‘]”‘t(osai = (0_51&._._}'0.3553)—- (0.40251]'0.6644-)

= 0.1156 —j |.5197 = |.524)4-85.65°
Therefore

Ep >~ (14%°)(120T)

Ep =j120m

2T (0.99874) (20,020.26)

Eo & A4.5592% 631, £~70.17

- |Es| = 45592 x16% |T|  Volts/m
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453 From Calibration ;

5 b ey Pr ox (08

Pt RT gd il =—*(10X[03)* = 200m*
on aste.roto(

Pr

TS | 1+ DRy 12kht Gose | 2

Approxamate geometry ;

2000m

P =tan' ({=>-) = 1.5x103= 0.086°

8'=L-¢; ospi=sinp « 1.5x16°
Sinft= sng* .1 . t o UL
sl il N LM e

’?

2V
Ry = 7. ®s6* — cose” 3>

- 3(1-5x103%) —
%Cosa4+cgsgt 3UEx103) + 2

S —0.9905

S’~S ~ looom ; a=(0fm

’ B (1000) la
D%ft+ 2882 7 T2 A[14 2 000 e
S ad tan ] Lo 108 (2000) 1.5xto‘3] S

A= ¥ = 3x108 _
¥ 300x(0°¢

ol hE s
|1+ DR, &1k @R > | 1 comue)(09905)8) " ™ |
= |1~ 0.7746) (0.9905) & 4T | *
= 0.0541772

RE= (220[03)1 (0.0541772) (5) = L3544 X16°W = 13,5/uw

454, Prag = 10Watt, r=3.7x10"m, Do=50dB 2 (0°

- 1A u il T["I"z’lE 2 8 5 J.Ea" : =
G ey Pr:':xu 4272- 0 l =10% , (Since umw_f2)?max),z_,lon)

S E*= 10°x2x(20Wx 10 _ 2 408
4T (3.7%107)2

E =2x10°% V/m

( Continued )
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L5 (Contd)

b. Use Friis Tronsmission

Pr_

Py (3%—1‘%)1 Got * Gov = (A%‘R)z Dot - Dor

(Since we ascume. 100% efic
AE 1662 A =bodm 3 et iicengy

S o Tl
I An- (37x107)

Po= 6.84x10"°

17 Clg0oa) C1. 643)

2

Freceived = _8%{ Since Rr=73=Rin for 2% dipole. then

V= VElhegm)(Rin) = 34V

LSOt P e uns=n | £ . da
'FQ\'" Zone S = l-llé [El 5 wavefro'nt .
1El _ /dAe CE‘thna] Surfme)

|E| ¥ dA

H . _I;E-_L o cSnt = aSo
For sphertcd wave 2 ’(.s+s,,)* R
For plane  wave : |g) /g, = 1.

In ﬁenero.l, it can be shown that for a wave front eikonal surface we have

|E| :/ A @ and p, are radiiof curvature
Eol ¥ (fi+S)Cars) of wavefront .

}5@) o Sphericd wave ; @r=0x=8o
IEI Sa" Y
Wavefront  tavefront — = | = e
a.‘_ fs:m a-l. g:;o ,Eol (S'tSOJl s+ 5o
plane wave : Pr=pa=co

LBl -
|Esl 1.

When the wave front is reflected from a surface we have

b o2t

|E| > o E“r / i —
IEol V qreoervs) Utge) (1t 5F)

(Continued )
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4‘55.((0h1’d) E is field at observation Poln‘t..

E, (s field ot reflection point.

Tt Surfoae Source g shgryonen Radius of curvature of
s’ wavefronl not chanjed by
AT ot reflection .
X
5570 S4Bl iRy 33P0 |
fimfare (om (a9 TE] S8  1+S/

Spherical Surface
obseryation

(7 :jrazinj anjle

elr §_".+§I ) ear:S'.l-fl
In physics, we always usedl f1=f2=0/,. This is not valid here

because that f was valid for near normal inddence ; we have hear

graemj incidence - :
f= C\Cose“ ¢ perpendicular to the plane of incidence = elevation P'aue)

fa= °~ _ (paralle| to the plane of incidence = azimuthal plane)
200S8; :
Thise- 40 L 2 . Z oL S8

‘@_-F" Sf'l"qcosai 1 e NG v

El _ 2 : L 4 2Ce504
[ {1+ S(E+Gss)} | 1rs (g + 2238 §

{
+354 28 s .zsc::s?d‘
\[ 5t acoset {:H * :
:
= 258/ 2557C05 6;
(1+ ){1-" acosh: 5 SN
e X S+ 8~

(Continued )
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A_SS (Co‘nt’ol?[ CoS6; = oS (I ) Sin P

~ : SS7Siny
3 S 288 2557
Bl - Ged) v e \(1 sy,

’ ~1/2 1

2Ss
% [i+ O.(S+S')S‘mya] (1+ S/s7) : 2
hear grazing neglect diuerjence. im azimuthal plane .

7'



5-1.  From (5-1T) > A=ds Agne) =4y jluolosine oy gjkr
(0) Usma (3-20) and  (VL-24)

K= VXA /q{dr rsime | 36 (Ap Sine) - 5 ]

il [sme%i ar(mﬂ)] + &g (79/ ‘?J}

Which reducegs to

=/-"—I‘-{ Gr e 56 (Ag Sine) — o ¥ 5 (rAg) §
Using the Ag from above

a*J, Si Sikn

H-/u{ﬂr rsme@[ u[ r] J]

"sF[JM(H‘# Jk_ﬂ'
Which can be written as

Hy = j R0 Co80 (14 oy gitr

Hy = - (Ro)*Tesine [, L _ L7 gjkr
Ar [ +J‘k'(‘ (&) ]
Hg =0
by Us

Equatwn (3~10) with J=0 alonj with the H-field
Componenfs from aboue

aHl-
EzJTEEVXH Jwe{arf0)+aaro)+agr[ay<rﬁe) ]]

which reduces to

E\— =0
Ee =0

kr
el

The same express(ons @n be obtained us]nﬁ (3-15) with
the Ag from port a

15



6-2. ACcorolinj to the dualitj theorem and the dual quantities
a8 outlinedl M Table 3.2

Electric Dipole Magheﬁc Di pole

E & H

H & i

A & L

€ = /4
s i 2

k & K

1 s 2

n & n

Thus applyinj the ahove 1o the fields of an electric dipele,
as quen by (4-Ba)- (4-loc), we obtain the fields of a
majwetic diPole 3'{Uen by

Er-=0

Ee=0 e 1 .
. Sh —_— —\

Eﬁ="J£:E:‘_WFi“('+jkr)ej r

el c L\ 1k

— ‘-[—. 8- e __l___.-—._l._.. ""42'('
Ho = R A0 [ ) v o = s ©1
Hg =0

which ave (dentical to (5-204a) ~ (5-204l)
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5"3. Rr (1 turn)
Rr (4 tun) =

I

4 -
zon*(—i—) :zorr*(."é') = .0.31583 ohmg

N2Rr (4hurn) = 4-(0,3(583 )= 5.0532 ohms

" — o [ome — —L1 _ [figuio” (ar-1067
RL(ﬂ.tWh) "‘Rhf el :i:urn)- —[-_:; % —(onxig™2 l;f:i-‘qxloqj

RL= Ry = 0.0265

: R
Ru (4turn) = Romic = N-§' RSC‘R_Z + 1)
Rs =\ % 5 =‘[2”'qu i G
3
R

2 (5.7X107) 8-3223 (0
Ro = NRs _ 4:(8.3223x64)
2Th 2T (03) 205278
Rp

—Lx~o5 from Fig 5.26
R 1 J

°

(REzsavibt) .
_n'lUS R.= Rd'amic = 4 84.?)([0‘3 (0.5+1) = 0.15724
ond Cea (L1tum) = Im‘Rr‘/(R"“"RL) _ 0.3158x|00

e e ™+ = = = J"
0. 3158 +0.026 b Epi =127,
€cd (4turn) =100- Rr/(Re+R) = 50532 100)

S OPPAs Y G .
s Stent o 57 1616
54. Hy=-T2{e2  ging Y 4
E H HET, & EEE s
2T _)t S T 72 7\1—1’_ sSing
Wove =

A A A
L Re (EXH*) =L Re (4 Ep xdoH3 ) = ZRe(dyHy X 0o Hg)

A o
Wage = Gr 3 Re (71Hol*) =& 2 [He |*= 4 [ T35

sin*g A
" GrWr

o

2T e~ X 3 ¥ L e
Rod = @ WoyendS =§ J ar Wy Qy I*Sing dﬁd,@’::arrg; Wr r2Siné de
Gt o

=y ‘l% lﬂrsinsecle = 433”1 (Tr;?:Lr

= 7 = (ka)*I L]

17



5-5. A a J a* :&:Smgcﬁ )ejrmag‘)ﬁa L& jkr&me
From e%uatiow (5-17) apd r- larae.
Using €3-58a)
Er =E¢ =0

Eg & cjwhy = )wCJMS‘ne) YL“SID

Where S =mwa’ : )z:ﬂ
alss using (3-58 b

—jkr
8ine

Hr = Hg =0 4
rLE! I3
He = %l 7 AP! ’Z (J’M&ns) “ihe’ rSmé}
5-6' Q. B s 20 Il'a( C) = 20.72 ({%)4 A= 3:‘[08

T ioT =30m

0.T3 = 20 rr*(%,"{‘—)"’ = Q.= 0.03924 A = 1.| 77 meters
0.T3N =300 = N = 20.272 =20
Rr (20 turns) = 0.93(20)* = 292

b,

C. PL=AemWi€e= 2 D6 (10" = X (2)(1-1n (66
= B0)* (3\( | — |2T2-300 2y ;6 3 e

S (3) (1 s | )116°= 01074 X16% wotts

g1 A= Y30 b= M3zg,

Q. Since A= 230K A
Do =1.5 = 1.76] dB

2C= fiso C = Yhoo, N =€, F=5xi0ke

b Rr=20m2( %)%= 20m2 ()t =20 w* (1924 x167) =0. 3778 clns
C = 2ma=2n (£)=1A
Rr (single turn) = 0.3798 chms
Rr (& turns) = 13.693 ohms

R = %'&-(%—r )

Ch= L0 -3 5 5 R
A - : 7 — =065
i Ro ( Continued )
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5-7. (Gont’d) Rsz\f_g%o 2 \/2'""}' (4xx6”) _ [ar3s 67

2 (5.7 xi07) ! -

=1141T“c50x|o‘5) X0 —-zﬂ'f xlo¥ = 18.609 X10 ¥

57
= M30 ). 8. 4 ;
Ru=6 (A/aoo) 18.60% x 104 (0.65+1)

= 6 10)(18.667)(1.65)x10* = | 842.31x16*
Ri (6 turns) = 0.-18423|

(Sinjle) R.= 230 /2§ (ATX(6) =10 /4_f_5“; xo'”

M3oo V' 2-(5.9x107)
= 2 (lo)y g5 x10% = 186.0913 xtot

(6 turns) R_= (86.0019-(6)(C1.65)x16%= I,842.<3IXlo"4‘

Rr I2.6T3
Cd= 5 = X100 = 98.67 Y%
RetRe 3693+ 0.18423]
Ceidil = l (Rr+R.) =50 lz 13.857—-50 f36-l4"277 = 0.56€
(Rr-l'RL) "l'SCI 13857']‘50 63857

er= (|—Ir1*)xice =(I~-1(0.566(2) xl60 = (I—0.32) X100=68%

d. G = €D, =03667)Ds = (0.9867)(1.5)

;?i;; :
G = 1-48005 . & Totad Maximum galn does ot include the reflt‘cﬁd)

58. $=30MHz » A=lom , ka= 37{0.15) = 0.03T =0.0?4.25 (rad)
Rr = N"F_’E (ka)t = €4 x E%i‘? x (0.03T) = 0.9968 2.

j W \/Trxsoxtoﬁlurxm”)cSI?X!o’ A |,21t7x155'm =4
ttum: Ru= o5 = 5_-7“2'7[:0.00{xa-zlfrxm's = 02(620
8-kurn: R = 8x R_(Hurn) X (%5“) , =18 B2 =05

- RL=8x(0.2162) x 1.5 = 2.5% .
creislidy gRegnladl = 6398 =28 7

19



5.

A small Loop is equivalent to an infinitesimal qunetfc clipole
whose oxis is vertical to the plane of the Loop provided that
Tml=jSwuL, where Ty is the current of the magnetic dipole, £ is its
Jergth, S=Ta* = avea ef the foop, and T = current of the Loop.
Thus the fields of the Losp Canbe obtained from theseof an
equi valent Maneﬁc diPoie‘

Cl. Wheh the EOOP ﬂ_ies on ihe y f._qune’ ﬂae §iel¢ls Gan be wrl'tteﬂ,
Using (5-20a)=(5-2pd) for ¥ - lavge, as

o s dfilplo it o . E
E%_ ‘)_4_11'}_‘—- Sl'ﬂ"f’, H?lp“' -’z—-?z—

where  ginw = {T=cosp = {I—(dxGr| * = JI-Sin*8 Gy
Tml = jSwpls =j wa™ whls
Ex

whis = 2
Thus Ey = a‘aj/;’tloe“‘ J|-.SiH&9COS,@' > H’P" Ka

b. Since the freld pattern of the antenna (s Sinqi wheve Y
(s measured from its axis, its divectivity is the same of
Small eleckric cl':pole or Small ﬂ_oo)b SEThUS PR = -%_—

Using the results of Problem 5-9%
510,

-'kl"‘ _jb . T
8. Eu= a*w/lhoeJ jl"‘ld .d}lz___ CL"&JJ/(kIce ,I—Sm%&m;a'
;c 4r Y H Ar

En 2" b
s

om0
b, Dlrectcwt) =D,= 3~
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5’]1 USinj the Computer program at the end of Chapfer 5.

a. a= A/Eo =0.02A
Do = 1.4988 = 17505dR |, Rr =0.047T chms

b. a=Mo =0.0 A
Do = 1.4697 =1.6731dB , Rr=28.4| ohms

C. 0= 7\-/4 = 02559k
D= 1.2969 = 1.1231dB , Ry = T23.738 ohms

d. a= N/2=08BA

= 17968 = 2.5447d6 , Re= 2,202.528 ohms

542. According to (5754b)
._‘,kr
Ep = -SRLLET g kasing) ~ T (kasino)
Therefore the nulls of the pattern occur when
Ji(kasing,) =0 = kasing,= 0, 3-84, Zol, 101% "¢

Excludmj 6=0 - o
= S| 4888 ) =2%.27

] = Sin'(0.8925) = 63.7°

B-d e » g

21(125)

513. Sinee Eg ~ Ji(kasing)
dissER | o *J‘,(ka&lne)l =Jo)=0

Eﬁ‘lg =Tz =T Ckasing) |, _o .= Titka)= o = Ra= 3.84

% 84 =384 A _ 3.
Thus G= ¥ 0.6ll5 A

b. Since a=081I5 A Y 0.5, use large ﬂoop approximation . According
B (5~63a) Re= 60> CSn) = GOTT"(‘H[Q) = 60T *(=m (o. 6IHb))
= 2,273.94
The directivity is given by ¢5-63b), or
Do = 0.682 (£) =0.682 (3L2)=0.682(2M)(0.6lI5) =2.61%

—

C.
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>14. Eg ~ Ji (Rasing) :
a. Eﬁlem.,-“-if. (hqs:na)\mofm(‘%) =0 > =384

From the Table for Jitx) in Appendix V . Thus

k 2T

b. Eﬂ’max = Eﬁ'kﬂsiﬂ6=1.84= Jf (1.84) = 0.58l52 = - 4.709dB

E"Iemf =J1ka) = T [ (1.2222)] =T, (7.678) = o.175
us = —|5.1374dB
AE =gy o™ Eaf, =~ 15137 ~(-4.707) = - [0.43d

515.  E, ~ JiCkasing)

a. Aabrdinj to the Table for JiCx) in Appendix V

Jixy=0 when Xx=o0, 384, 7Zol, O - "
Since we want a null in the plane of the ﬂooP (6=0°) and two
additional ones for 0°€8 £ Q0°, then

Ra&inelmox = kasineé Ia:eoo = ko= 7.0l

~3

e -‘-"TT‘-.A = LIUST A

b. The nulls will occur at
0=0° and (80°
6=%0

and  kasing|, _ gy 384

> p=Sin [1—8—4—~] = 33.2/1°

27 CLus7)

and 6=180°-33.21°= (46.7%°
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516. E=45C, T, (kasing) whereC, is a constant = [y = dg

aond PLF:: |f~-&|°’=|é\g'€qll
By inspection, the PLF is woximized if the probe antenna (s also
Linearly polarizec] in the @ divection. This canbe acomplishec ky
Ltsin\cl GS A probe antenna another lesp antenna so that

(5;‘45;; and——PLE'= [ 0p-dgp} ™% 1o
It can also be accomplished by u.s‘ms a linear dipole asa probe
onfenna with its length paraliel %o the plave of the loop and

‘tcmjeni' to its curvature. Some SPec{ﬁc exqmp,eg would be
Lusingthe transformation of  VII-7b ]

A Son &, ~ A & A S Ao 2
(o= Gxlp_ g0 = PLF =] dp - a[gogee = Ao Gaosp ~Gusined | .

o g =|dg- )|*= 1
60 lpe SPF= 143 Gyl = 16 (oG L
=4y dg|*=1

ond many cthers.

517 Avery small Loop of constant current is equivalent %o a magnetic
dipele. Since the foop is placed for both parks (a and b)

pPerpendicular ko the xy-plane  the plane of the leop is perpend-
icular to the xy-plane), the axis of the Linear magnetic dipole will
also be parallel to the xy-plane. Thereforre acording to
Fiure 4.[20, the image. of the horizontal Mmajnetic dipole
Wil be as shown in this fijure_. Tn tum the arvay facter for
both parts (a and b) of this problem will be the same as that of
the vertical eleckric dipole. of Fijure.4,|3 or

AF = 2:cos (khose)

( Continued)
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5—1 7 (Cont’d) : ‘@* Actual Source
h

Since the actual Source and the tmage
are onented in the Same olivection .
Therefore according to (5-27a)~(5-27c)

xy -plane

a. Plave of the ﬂ.ooP is Pamuel to the - @b Imaje
x2Z-plane =t
N I L ol we hap e
Ex = ’Z(ka)4f° E Sin¥ (AF), sinp={I-CsY = 1(| lay ar|

2 o i = [l —sin® sin’y
=y (kaiwloel siny [2 cosckheose)]

a _‘kr g .
By = p Lo cos ik tse) {1 - sin e Snp
2r

Hy = - £«
s o

b. Plane of the loop s paralle| to the U-Z—qune.
The fields for this problem are the same as those in park a.
above except that

Siny = m -_—JI S 1&}&}[" = fl—sln"e-cfos‘;z
5-18.
oy e o s

a. Eﬂ‘= )?('ka')‘qJI-O L sSINg W = 7T 7777 777777

& £=00
JAE] = [zjsin (4hCose)| : A {h d)
Es = TMr sing = S=ra* s t'ih""“‘
ot s
5ikr
Eg)e = E4 (AF) = l'?_le_“{_»s}ne- 2'S‘m(kh(aSBJ ; < above Ground Plahe
( “)t # 7 AP [J ) total ﬁf!'eid..

bt WER Bhaty
Sing- [2jSin(2T(eS6) ] =0 , SinN(2WCosg)=0, 2N S = N,

n=o,1,2
6=0°, Cos_ﬁf 5’1‘, n=0,1,2 9 Bn=0"
B, =C0$(0) = F0°
0: =Cos'(3) =60°
Gz=C0§‘(;1) = OD. CCont[nuec()
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18 (Cont’d) : : 3 .
5 ~ (Ep)t_ = CS‘IﬂgSin (‘kh(‘OSﬁ)k:&f =0= C(Q)Slﬂ(ﬁrhz) =C 3_§' -8SIn (n%)

sin(Th)=0 3 Tb=gin'e)=nm, n=0,1,2,3, -

%:in » PhySEfeﬂ Non3ero he;jh't'=> h=tA;, N=123 -

5-19. a. Array Factor = 2 CosCkhcose) _9_, 5%
& %'_
o e L
h A

b. AF = 205 (khCosOn) =0
=}th088.1=('0§‘(0_):: "“'/.Z, N=tl 33 38,z

w0 g ()2 o)

Bi= cosS'(23)=60" @;= co§ '(#2) = does not exist .
5-20.  From Problem 5.17 (&)
E = h g T
)‘lﬁﬂo" C, Cos Ck (oSB)JI sSin®sin’s S

6 =45° S
= Cq oS (khCos6) Cos(h) IB a4k

= 0701 CyCos(FR) =0 = Kb = cos'(0)=ZN, N=1,3,5,-
For the smallest heijht

%ﬁ—“ >h= ?7;:‘!_;_1 0.3535 N
S = & [wus A zrrcsxtoﬂ)fﬂf)“o:r_ ar
521 ks b g/_:‘—= QO-(IB"") .J 2- S\ 7xi07? 20 5 5 X10
= 2.27 715 ohms
b_ Ry = [10-“'(%"[)‘(&[‘) = |20 '"'( IT)(@QJL) 80(-44:!011:'““?'2'2"‘7‘:?‘"".s
(es=m()?)

C. induckive reactance Xa= wla -
—‘/Jo-ﬂ [in[—-) 2] 411')({09(20) [ln(_m 10 4) 2] 2.648xl0

((—a-— £ p=l0*re) < Asim, f=3x108
YXa= 2wf-la= 2T (3x108)-(2.648X157) = 479.158

. Xa >7 (Ruer Rr)



527 From EC{ucd'ion (5-24)
Rr':.zz(:‘r_J (k‘d-l)l,—_)z%(‘k_)\g) [20TT. :ur(
= 120- 2414 ( Rx) = 3070507 - 5

; %
| AREA =

o v EEaL T R = auTeger S

2115)

- - =» &
f AT‘QQ L
b. 2b TT‘G“'.L
A g=mob, Re=3070,907 T3

20

b

In Far - Fleld (&kr>>)) rejion

‘k-Im ﬂ e—ykr

Ea= Epfdp’ = JIZ PR (» e : eftective ﬂeijn)

kr ) kr
- ) L]
b LR
11'__‘.‘5__L
(¢ »= ar)

o= dTs (J RS-SinG) SjAr
JT 4rr e

de= jkS sinb d\ﬂ




524 C=2ma =147 Soa=LER < g 22282

L2 = 24n(2w §) = 2 tn(2r 02228)=?.0
01555

Q. From Fia_ure 511
;c_."-n.: Rin +j)(‘m = 220-J4D

Ein~Z 220-140-300
|=|——== ) = 0.
e oo 5 220 -j40 +300 Y
=1 I —6. 1715

| 3

. s v i ; - :
Ton Zin 22040 (44 +jo8)XW'= &G +)Be

To reSonate the circwit, the unknewn
element must have an (ndyctive admittance

of
|

— ) = - —L
Yunknouy = 7)0:0008 = ~ o L= m)

ok gl Pacs b =
G44xI°L Toang?| 0.8 xlo-‘(zwm“)
[2] § ™ L = _16° s, 787 x16%h
. 6T

There fove the unknown element Gcross the terminal s
of the leop must be an inductor of L=178% x16¢ herries

LS. a. From Fijure 5.1 Ca,b)
Zm= TO—jl!O

b Induckor: Xuv=tllo =@L= 1
L= Mo _ _uo eS| oF

awf _ 2m-Clo?) 2w X1
C." "&in &0
. i1Zm-%c|_ S0~78 2
rl= [=22—=|= = = 0.07I
| Zin +Zc To+ 78 168 o
=il ooy . LATIS 38
VSWR T eimr ) 1~00W  oRms P
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5'26 a. From thure. 5.1l ¢p) Z;n-—-Rin'ﬁ‘j Xin = RBu=2Xn=0 When
SL = Z1n (zrr—%)-;« 12 = 2 (a/b) = €°= 403.42% 32 =64.2]

[l 2 2w (alp)=p> 4446?2:}3- 3874
10 2 an(a/b) =° *t48413 22 =2362

9 2 2an(a/b)= &L 70.017 9 & = 14.33
b. These sccur when the smallest circumference sf the loop is
<from Fijwe S U b))

N =12 2 C=2Ta = .0 2 Q=0.ITI?A 2b=0.1717 A/£4.2] =268x10%A
O=1] 2C=2Ta X LIOA D a<0.195 A 2b=0.1T5/38.94 =44%xX°N\
N =10C=2ma = |14\ = 0=0BIUAD b= 0.8 141/23.62 = 768XIG°A
N=33C=20021.28A Q=02037Ah = 0.20372/4.23 =14216x16°A

527  Iw= I, cosg
a RCFJ—/MI& 3N . 3 é‘,k , /QIO .__-kr' 2T o A=
; = -—-af dp Cosg’ 5~ dp' 4“a—— oa%Cosa-e
:./t%r__a e;hr{ (leOJS}zsmﬁ e}kaaune cos (¥ 'g)dp‘
. . _:kasSine CoS(g-g~

“kr 2w h 3
e Io A -y
= Md & {__] L‘Sin( ) e)ka&na CoS(@-) o5 7

EX; o

A 2T \ -7

= /u_I;T_ {az J, (kasing)sin 2g - (1] Ja(kasing) cosap
+ QJ Jo (kasing) }

‘{ %L(ka&ne) (eSg+ O.J Z [J.z(kﬂ&ﬂﬂ)+ J. (kasine) ] }

/UIo Q _e_‘k

%% { ds J, (kasine) sy + Clj Ji (kasing )

*a sineg
C Continued )




5-27 (cont’d)
~ A )R < ;
A = ga = r{LCka&in&) p S } Gsg

®a Siné

= MT.a
2

A M0 aRr : ]
Ag /UT % g Chals v6) Cost Sings
kasing

Bg ~ glka o &ikr \
g \}_IQLID S J,'C kasing) Cosg

) ler
€27 7. Ckasine) cosp

Es &~ g71ka sikr ‘
?2_— gl JUORASIR) o Sing

T fkasing
b. 6s0,p-"
Eg =o‘ whe
oo i1,
Way &= (gl:_= ‘1.—[ @L
72 82 ] r=

B28. o. From Fijure 5.14 (o) the smallest chanjes in reactance

for the smallest h (h<A) occur when

Dhoh= 2,86 Sh= T8E . 2885, o °
0 R I 7 e = 0.2268 A

b. For a. 2kch=285 => —4AR/R, ~0.4 <from Frjuve. 5.14-@))
Thus AR = -0.4R,
and Rr=R tAR=R.—04R, =0.6Rs
Acording to (6-24)
Ro= 20w>(E)*= 2om2 (52 )= 20w 28 % o.n8057

Therefore
Rr =0.6R.=0.6(0.98757) =0.4725 Ohms

89



599 8 B ma(&)tmz(m)%mzc% s
o _ N
0.3158, A= 3{2;0 =0.3m Hq=T58 =23 :o.oo?Erm

b}
9“00 [‘Q"(%)_‘f qu =21 Clo") 4rx16” lon)[ h
=8W(3) [ In (400)- 195 ] = 317.798

Rin=10.3158 , Xin= 319798
b. 2%.h = 2T (2)(0.06 N) = 0.75378

N, g twe 4
'dee —2 'S¢ +jwe = 10 +Jznxlox(§gﬁxlo) lo+“8

i =jwé
=_| ) €\ o~
. \',LZ Jwe F V& =Y4 =25 N’=4
>R = 0.3158
Using Figure 5.14(d) =3 4R a9 2 4% ~p (g a{AA
¢ " i e > 0.1Re=003/58

C. Rin=Rin*4R = 0.3158:C2) = 0.6316
Xin =Xin +AX = 3|2.778 +0.03158 = 319. 82958

d ooni Zin~Zc _ 06316 1)319.8258 -300 _ 438078 £ 33.(0T
- M ZmtZc 0.6316+4)3I7.82758 +300 438,942 £ 46.773

=0.9980£86-335°

e VSWR = I'l'l[':nl = | + 0.?%80 24 .
F=1l%wl | — 0.9 980 11

S0



o 5 ykr _‘h| *"kl&
61 a E*:El-"Ez*Eg:-ZEo—er—)' -JrEﬁeT]._-r—fEﬂe,

Vo
Where the center element s placec at the origin. For fur-field
observationg
g fompu.fer Prejmwn
N r~d (es6 N Divectivit
'fOY Imse variat rectivity
2~ Yr+d @S ‘j P SR u :raa‘r(‘%c.ase)
Nnxx=r for amplitude variationg hbd= P
and Sikr ; _ 5 s
_-kr : : =1.5710dB
~ | l o
>E, & {2 [i+5 (elklo®, gikdeso]f ) ) ara 7
=E %’fr {201+ Cos Ckdcoss ]| [AF®)=40s(F Gs6) |

Thus the array factor (S equal to
AFC) = 2[ 1+ CoSCkdcose)] = 4 B (= coss )
which In normalized form can also be written S
AF(8)n = |1 GoS (kdcose) =265 (Ed cos6)

b. The nulls of the pattern can be found USing Cither of the above
forms forthe aray factor. [or example.

One form the other Form
AF(8) = I+ oS Chd Cs6n) =0 2008 (R4 @s8n) =0
CoS(kd Cos 6n) = | ﬁ;—”-asan =S ( o):g, n=*|l, 3.

kd oS On = CoS '(—1) = N, n=%,13,--
Bn= 05 '(nA/2d ), n=%1,£3, 45,

which are of identicad form. Therefore beth forms yield the same
resutts. Thus for d=7?/4

6= qs (1L = 08'(an) ,n=41,13, -- = Nonulls exist.
d =My

bn= Co,s“’(nA(&d)) yN=tl, 3,

C. Slmilarlj the maxima, of the pattern Can be found usinj ecther
of the two forms for the array fackor. For example

( Centin ued )
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& 1(Contd) One  Form Other Form
AF(B)= 1t oSChd cosfm) =2 AFB)=26S™( 2 oSbm)= 2

Cos (Rd Cosn) = | cesC ¥ o5 om) = =1

fd oS8 = Co5'(1)=2mT, m=0, ;- %{Cosem=®§'@:l):—mn , M=0, £,
Bm = oS (MA) m=p 41,12 - Om= Cos"(a"‘l’l), W= 0,%l,+2 "

which are of identicad form . Therefore both j‘m)a[ the same resultts
Thus for d=7/4 . m=0: .= 2§'(c) =90°
Bni = s (4m) , m=0%l,+2 » -imm.-. §1=coS' (@) Does not exist
< i The same (s true for othervalues of m

s
6‘2 A - (hem=22,+37"7). ‘Thcrefcre khe M)
: . Wmoxima OCCur ot 6=Qod

-dh 2 d./,\ g‘

X ¢ one dipofe EU: Jy(-—‘-i?l;———

3 T WAy iy
(;agiréo[e“- S5 AT
= o aiE ] giateesp-1) o iFleosy=1)]
i : =3t - s
£, o % 2. o3 (Cosy - 1) =E, €% 2 (s (X(5indsing - 1))

Arroy

e { | ot = s1nb
(Gy-dr = sine-3ing = 3P )54 "y 3 tlane, pogyo
a4y [Eqtaypee | Sine-cos(E) |7, e paes)

~Tegdl

B=0° \fmﬂ -
@ |Eg(0)] [s‘me-as(ﬁ{s‘me—d;)\ . (y-2 plane)

#=70°
(3) [Es(g)l o(l Cos(g-(sin;s—ﬂ))l }(I,g.[)lane)

6=90°
(4) |Eg fﬁ)lg: o o
() 1Eg®) g 00 « o
(6) \Eg®|po9p o o

(Continued)
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6-2 (Gont'd)
[Ee(8)]

(2).

. |[Eg®| 1tz
g=0
o
» £ - =
g X
(6)
|Ey ()|
8= o°

2
o

93
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K g, T o

a. Derive the array factor
AF = - gJkdase -] s grkdse _ -2y 8in (Rdcose) ~)
AF = 28inCkd cosg) +{

AF = 28In(TTcosB)+1

b, 2sin(mwcoss)= —|

kdcosp =Sin'(-2) = ~L ~5W |30
0/ 65 g 5

D9

n=©S'(F)
S a8 o RY.B9

—%TI > 6.=14644°
Method IL
Uniform arey with 3= ~W/2
Q. AF= sin ¥ 5 -5ih 2 mese - T ]
sn¥ sin 3 [meese -~ T

b. Qh-'-CoS_I[‘z‘"%(-@:t%TF)] n=1,2
=6’ [(ELFn)] * vr3&g
n=1; “eesT~t]= $9.57°
n=2; @S'[=E]= 146.44°
674

G AF= I+ ej(ﬁdﬂfﬁe + '“'/.z)+ e*j(kdfosﬁ+ T/2)
= |+ 2 CoS(kdcose + T/2)

. AF = |=28in(kdCos6) - t

(Gontinue )

o4

=
=



64 CCont'd)
b. to find the nulls,

AF = [-28In(%d cosg) =0

asin(kdcose)= 1, Teosg=gm(F)=F, 88 G ...
(1] = = |
Cose =g = L o

: e N
: G = &’ + e’ L &IV &) 4
65. @ E e - - O
3 _eF;_ r[é’ik Sécnse_‘.ei.hg.(a;a- e—;*%mse_éjk%fhfﬁl
d

N=r-gwse , ri=r-%ose, n=r+dosp, rg=r+dosg

AF = 2) [Sln(-;-g_—"l Cosp) +sln("5-:icose):[
(b) let X< kdese , ¥ =< % cosg 3 AF=4j[sin kd @) Gs( L s6) ]
AF (d= ML) =4; [sin (T@sp) Gs(Lose) ]
~ On= 0° 90 180°
66. Ektl = 5_1;“_7'[—2+eikdc03ty+e-}kal®sq;:l

-_—

Sikr

== [2+ 205 Chd Cos @) ]
(s = dy- Or = SiN6 Sing

So, AF= 2+ 2@S(kdSingsing)

og AF= 2[1+@S(kdsingsimg)]



6-’7 Placinj One element at the or‘;jfn and the other at d distance

above it, the array factor is equal *o
AF(s)= 1+ @) (Rds6+@) 5@l j2 Ckdcoso+8) [ o) 2kdawse +@) LSt Ckc{(omf@.)’]

AFB) = 2iitkdesre) @s [ 1(kd@s6+p) ]
which in normalized form can be written as
(AP = CoS (3 (kdwse +8) ]

o> BSVETS(E)--
b. Fr d=M, (AF), = a [ X (s —1)]
3 (AF)}.,\M* = 1= (o8 [ﬁ((osgm-i)] > Owm=0" L

1y e — < ;{ ‘L
(AF)a=0.707 = @S [F(eshy 0113 F (58 ~1) @8 (007) .
For +T4 = (osbp-L=1% CsBh=2= Eh= (oS (2) D Does not exist
For - W4 > GSbh ~1= "1 58k =0= Hh= G5(0) = P0°= T radlians
Therefore. Bir = 6an=2 (E-8)=Tr

o~ 4'-" = ﬂ. - - =\
and Do = @y (M=% :ﬁ:-‘ Sl e

Computer Projmm (U=cos* [Zcose -1])
Do = I. 42451 = 1.5367 dB
6"8. Q. (3»-.—_1-&4:-1-%
b. (AF)n= S[F(es6+1)]
(AFDnlpg, = 1= S [ F (0S6m+1) ] S 6m=180°= T rudians
(AF)n = 0.707 < 0S(F(wsbp +1) ) D Oh= 30°= I radians
O = o =2(T-T)=7

Dp > AT =__?"= =1.273 =1.049dR3

Cmpui‘er R’bjra.m result .
U=cos* (-E((os&h'f_)]
Dy = 142451 = I. 367dR>



6‘9 Q. B=-kd :—J—T—r A):-Ti'=-l90°
b. Gn=0S[1- PR =0SM-22 1265 (1-3), 13,3, -, 048,
nN=1: fg= S 'cV2)=<60°
=2 : B2=Gs'(0) =Tc°
(o 63 = COSHIG I/S)= |20
C. Bm= oS"(L-MNd) = S ' (1= MW 2/ )= GS'(1-2m), M=o, 1, 2,
MG g =Gy (1) =p"
M=4: 01 = Gs(-1)=(80°

d: Bo=208"(1- B)=265U~ J5 ) 22051 (4- 1) =205 (3) = 266%)
=(20°
e. D = AN () =4@)(5E) =8=t03dB
(10. a. De=4NG)

20= 10 ﬂo&lo Do Cdimer_lslonless) = Db dimenstonless) = (0 *= (00
100 =4N (I)\i) =N = N=loo
b. [=97(F)= Ta=24.751
- e 2y 3% A
s @343 = @n= 2c08" (1~ tl:\l_d?“'—‘

B *So1 K
Ezas'(l 1212
h= (00 ( W(%)lo")

= 2 st & %@) =265'(1-0.01771) =205'( 0.78228)
@n =2Clo.fr??°) =2/.598° >21.6°
d. Sidelobe (dB) X -13.5dB
e poehd=s F(Y)=2E-uw
6-11 o, Choose difirent phase excitalion . That is
B=x(kd+ 2IE) > £ (kdtF)

B=% (WL +2M) -+ (F+0.0274) =4(1. 570796 +0.0294) (. 6)=£71.684°
b. Directiui’rj increage by 787 factor = 2.526d8B

¢. The HPBW will decrease becquse Stdelobe level will Increase.

e SI(|— 013987 ) _ 15 BA _ 0.1378¢4)

=2¢08'(1-0.0055%2) =205 "' Co. ??44) 2 (6.066) = 12.13°
decreased by 7.47°

d. Sidelobe level will increase . It will be higher than —13.5d8
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6-12. a. d=(§H&=02252

N

b. B=Rd+ 2'11;4' = 21 (0.225)+ 0.294 = 1.7077 vad

C. 6n = Co.f‘.‘| 1+ =) ﬁﬁ)
Bn =Cos'(|+c1-zn)4—%g-)
61 =S (0.779) =38.9°, 4, = (af'(a,;gvz 20 .£3°

Bs = ©S (-om) = 738 b, - @S"(-0.555)=(23.9°

d. First null Beamuidth
|

= Bl gl o el 3! _— o
e‘ﬂ 2Coe8 C[ ldN) = 2 (oS ( | — 2(01225)40) = 7788

e. D.=1789 [4~—(—,°{)] = 1.789 [4-10-(0.225)] = [6.10] = 12.0684B

6-13. N=i0, d=M4

a. Brosdside (Table 6.land 6.2) 2 g=0
HPBW = 2T fo°~ cos'( "fZ‘;r"‘* ) 1= 2(R°- 77.80°) = 20.4°
FNBW = 2[10°- coS'( )] =2(%0°~66.42") = 47.16 °
FSLBW = 2 [90"- (os™'(&)] = 2(f0° - 53.13°) = 73.74°
From (6-17a) 3 Relative Sidelobe Moximum = ~I3. 46dB
From Table 6.7 3 Dy = 2N (d) =2-16-% =5 = 6.99d8

L!s'ma_ the Computer Pfojra.m at the endof Chapter 2
O; < 5.2l S 748

LCon{ inued )



6-13 (Gntd)

b. Grdinarj End-Fire CTables €3 and 6.4) 9B =t hkd =+ T =2f0"
HPBW = 26s'[ I~ LU ] = 2 (34.62%) = 61.25°
FNBW =20os'[1-£& 1 =2057¢0.6)= 2 (53.(3) =(06.26
FSLBW = 257'[ |- 3(4)]-—- 2(66-42) < 32.84"
From (6-172) 3 Rejative Side dobe. maxamum =-13.46dB
From Table 6.7 Do=4N($) =413 =(0=l0dB

USin3 the C’ompu}er pmjram at the end of Chgpter 2 = Do=10.05 = |0.02dR

C. Hansen -Wood7qrd End-Fire. (Tables 6.5 amd 66)
B=% (hd+E&)= £ (R +18°) = %[08°
HPBW =2 cos'[1 - M_‘[ = 2((9.25) = 38.5°
FNBW =2 6s™[ —5=1=2 (3687)=73.74"
FSLBW = 2 57 [1- &£]=2(53.3) =w6. 26"
From Fiju\’e 6.9 2 Relative Side lobe. maximum 2 -9483
From Table 6.7 3 Do = (787 [4N( L )] =1.787 (A)to) ) =17.8% ={2-5dB
U,s'mf] the computer program ak theend of Chapter 2 Do = (8.02 =/2.5¢d3
E 7 (AEh= sn [ Skdeose+@)] _ sin [5(Fs6+8)]
Nsin[3Chdcoss+8)]  loSin[2(Lese+p)]
B0 =45" D @=-kdCeSho= -3T (5)0545°= - 11107 radians
6. Using (6-22)
On _31 HPBW = &s‘[(bs45 0. 4430:« )] - oS [cos45°+o 443(—,_1‘—“)]
= S 0.5074 0 44‘32 57035 ] ~Cos(e %7"'0443.: 35+0. zs}
@h = ©s'(0.5299) =(05'(0.8843) =58°— 27.83°= 30.2°

bo Dos 222 limar =1

" [- sin [‘5-.}-((056 ~ 0?07)] ] 2-Sina'dg
5-Z (o6 - 0.07)

ek 2 =5 FCwse -0.m07) | da = - 5¥ singdg

o ‘"Lf:::f?( sinz 1z
(deaia»je)
ﬁo (Sm 2 ) 42 231_%
(Continued )



E-14 (Gntd)
= umur a l
> g R
Since 'for Bo=70

Do x JN(%) and for 6=0° Do 4N ('x)
We 'm‘:jht' expeck Tor 0o=45° the value of Do #obe somewhere between

D° ‘eb=0° and Do

=%0°

lﬁo':fb"

Apossibiity is Do| = 3N(Z) =3a0)(3) , Do~ 75

8o=45
Us‘mg_ Computer Projram s
= 5.33)

6-15 (AF )n = Sin ['%[kd&sh@)]
’ N Sin[ECkdeosg +8) ]

G. For 8=0 9 (AF)p= _Sin(54d@s6)
N Sin(2+kd cose)

I order for the array not ko have any minor dobes, we an assume
khat its firstnull  occurs at 6=0°or 180 Thus

(AF) = Sin(B&d) _ o N o Tad=2r.
N Sin(£4d)

This assures that there are no minor Lobes 'for‘mcc[.

b. For B=td the maximum occurs at 6= (86° avd the array fudter
can be written as (AR = Sin [¥ kd eso+1)]
N S‘n[$4d (cos6+1) ]
Inorder for the array not #o have any minor fobes,
We @n assume -that the first nul is formed at 6<0°

Thus gahal(fose-ri)laa =Nkd= W%d“mf-:}-_—?;
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7 s.2Zpaa T
bl  Bd =i 2
Q. @-‘-0 rodians
b. @= - W2
5 @: 1-T|'}2
d. (3“'-!36--E1r--u4331r
e. . 8= =(Z+0147) or ~(F +0.157) = ~3sT=-1.T2
5 = +(Z +0.14M) or +(H+an5q)_ Lrs e
617.  N=9, d=n4
0. p=-kosa| =-RK(F)os@e)=-2F =8 = - 13603
Be=30"
d= A4
(3= ‘54_‘5 = -1.3603 (rad) = -77.942°

o ~ P8
8o=30" 85

= Co§'[ 0866 - 23] - s [ 0866 + st

= @S (0.7774) — (oS '(0.8546 ) =38.9767°~ 11.3307°= 21.64.57"

Op = 266455°

C.r13.54d8

Computer- Result.
HPBW = 23 degree .
% (Directiui’r/v )=10.103dR

1o/



6-18. T ho& anlEm)
6. d=% D=2l =52 6.99d8B
Computer Projmm v Do= 713248
b d= 2. Do= 2.10-3 =10°= (0dB
Co-mpu’rer ijmm ¢ Do = 10.00dB

€. d=3 DPe=210-@28)=15= 117648

Compu.te-r Q‘ojra\m - Do = 11.624dB

d d= A, De=2.104) = 20 =13.0dB
QYnPu+€Y Prbﬁ‘t‘d.\fh . Do= l0-01dB

6“]9 The recommended element Sputftng_ s
: 4

d= T+ 056 | where § is the s o,nrj\e 'mdej\fees
O 903300 1

T B e L T P +
danie s e 0.535% wauelenj h

kT s IEE S RS
Cc 6o = 60"

1 . +_- th
d=" TEoe = Teoe  °-906/ Wavelength

Although a harrow element Pattern can sometimes acommodate larcer

Spacing , using this rule will enSure that the arrayfactor has fhly ohe aximuw
inthe vuible \"eJ‘mn

620. Since the excitation coefficlent of each element is (dewtical ‘
B=0, Thus AF= ei%; el oiW 4 oi¥2
where
Y. =0 3 For element ot origin
Yo = d CoSYx = kd dx: Qr = kd Sin6 082 ¥ For element along x-axis
Py = kdesBy = kd dy .Qr = &d sing cosg § For element alov\j Y-axis

Yz = kd Cod¥z = 4d Qe dr = 4kd (056 iFor element a]ohj Z-axI$
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621, =0, d=24
Qi = i’dCoSG*I'@

s B

b. 9=0°=?lF.="'

768 =F0s0"=%2 9 Z=§

0=45"9 ¢, =T grg45°= = f% > £ =0.444+,0.876

AF= (Z-7)(Z-0444 J0-896)= (-o.8% + 0.444 )+ Z(-0.444.~)1-896)
3 elements needed

ja

L2056 +0=Lase

e
C. Q) = - 0.876 +)0.444
G = -0.444-)1.896
adz = 1
622. 6=, =4 .
a. Y= kdose+p = ;:4@861--‘% Teose +7 by
visible r‘ejwn B=0°=2 ¥= I""I 31" ‘\‘& » X
8=180°> ‘P"“E*E"f \-)%--ISM
b. AF = (Z-2)(Z-Z)(Z-23)

= (i t0.Z+0A3 2+ 042° 2 4 element mﬁu‘ar'eo(

C. Pioo=kdss +8 = F0-Cos(lo®) +46° = 133.633° = ~0.670+)0.T24 = Z,

Pago = T0° @S (70°) +48° = 75.782° = 0.2456 +) 0.9674 = 22

W e = 90° (S (109 +45°= [4.218° = 0.9694 +) 0.2456 = Z3
S AF = (Z+0.69050.724)(Z- 0 45 j 0-9674-2(Z=0.9694-] 0.2456)

= [2% (04444 1.6934)2 + (-0873-J0.4%1)] (2~ 03674 —j 0. 2458)
AF = 23 + 22(-05250-j1.93%0) + 2 (~1-7(8 .04 +CoM24+]0.470)
So Q= +0.124 H0.690 = I.000/38 L 43.62°
Qo= =lT8 + /-04] = 2.,00878 L 148.786°

Q3 = - 05250 ~j 19390 = 2.0088 L -/05.1500°
G4 =1
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1-72 o

6"23.0. Y= &d coss +8 = 72°CeS58 . .

X
b o _ 2 ~720
00T Y= T 04T P 2= 0.31+j0.95
050" W=t = 0.257r 9 Z,= 067 +j 0723
B=100°: Y=z =-0.218 9 Zz3= 0.974 ~j0.216
AF = (Z-0.317j0.35)(Z - 0.69-j0.923)(Z-0.9%¢ +jo.2(6)
AF=23 +2%(~198 —j1.46) + 2(0-865+J‘:.273)+ (0.272 ~jo.9¢)
4 elements reguired
C. G = 0272-jo.762 =1 L-Te.22°
Qa= 0.865 +] 2.298 = 246 ££§.37°
Gz = -1.98 ] 1-46 = 246£216.4°
Og = [ <e® = l+jo
6‘24 a. The excitation Coefficients for a 3-element array are 1,2, 1.
Pladnj one element at the or-ijin, one above it , and the other belaws it,

the problem 1S identical to that of Prblem 6.1. Thus the array_
factors are identicad and eguad
b. (AF)n = I+ (s Chdeosp) = 20s*( % ase)
C. The nulls of the pattern Can be found us‘ug either of the above. ]Qrm 5
@S it was demonstrated in Problem 6.4.. Using either one
d=A 2 On= 6s' (nr/2d) = (bs'(N/2) , n= #1,%3, 35, - -~
n=1l: O = Gg'(+4/2) = (s '(£0.5) = 60% Ro®
N=$3: 03 =(s ' (£32)= Cof'(i].5)= Does not exist.
n=t5: 5= C0S'(£52)= (6S'(2-5) = Doesnet exist. The same holds for n]%0.
d- The maxima of the puttern Gam also be found either of the forms.
Usinfj the results of Prblew 6.1
d=A = Bm=@S'("Nd) =@sS'(m), m=0,+1,£2,%3, - - -
m=0: Qo= S'(c)= 9"
m=24: B4= ®S(@EF1)=0"180"°
m=t2: 0a= s (+2)= Does not exist_ The same holds for n>3
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6-25 For a. ‘three-element binomial array the array factor (s that glen in
Problem 6.1 and 6.24. Thus in normalized form ([t an be written as

(AF)n = Cos*( ¥ cose)
whose Mmaximum Ocxcurs at 6=90° Iy order not 1o have a Sde lobe | the
arjument of the oufer Cosine function at 6=0°or [§0° Must be eﬁu«ﬂ or lecs
tan /2. Thus

| & cose | 2 <T3dsE=2
6=(80°
6526 Sthe excitation coefficients of a 4-element binomial army are 1,3.3.1
or
a. G1=3
N=2M=4 M =2
d2=4 ]' 4
b. (AF)4 =ﬁ§;1a,, ®s [(2n-)u] , u='§\‘i'cose, US}Y& (6-6la) and (6-61c¢).
Thus

(AF)4= Q4 CoSW) + G Cos (3U) :3@3(‘)"_\6! (osg) + Cas('a-:\id XY
which tan also be written, us'm& (6-66) form=3, as
(AF)y = 3058 (3) +4 a5 Wase) ~305 (Lose) = 465’ 1 cose)
(AF) = 4 0s3( T wse)
C. The nuls occur when

(M:)‘i- 4ms¥( xfj(oSﬂ) 0> “'dCoSGn :C°f|(0)= T Q‘_’;"‘;)". y N=0,1,2,---
or On= Gs'[+ G‘"‘*”*] d= SN" os'[+ (.zn+|).>_J s s

n=o : Bo=06s'(£3)=4819° 131.8°

n=1 : O4= &S '(£2)= Doesnot exist. The sume holdsfor h>2 .
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627. kd= &
- i v e e —rz

=8 uoge Tig 2
l £ Bl

a. Use Fasal’s i‘r}anjle to fl‘\’lc{ excitation coeff|cients
L0 Sy A S
o =4
8z =1
2
b. AF= 2 2 0n CoS(nkd Cos6)
n=p

=2 {3+ 4 oSCkdcos8) + Co8 (2kdCos6) }

= < (o5 akdco56)= 2 CoS (kdtest) -1
41 1+ 265 CHhdcoss) +cos*(hd o5 ) ¢

= 411t s chdcosg) }= 16 cos4 (4d sp )
C. U (,p) = |AFI*= 256 CoS8(kd cuse)
Umax = U (6=, P) =256
Rie,g)= U, ) _ (5 kdggq)
Umax
d.  nmlls occurs when &S(% @sfPn)=0
kd @sdn =(M+a)T , N=0,x4, k2, -
b= os'{ n+t)5g ] =as'f (n+2) %}
m=0: Q,= Gs'(%) =36.9°
n=d: Bo=0CS'(-%)= [43/°

65-28. The exctation coefficients for a 4 ~element binomial array are 1,33,

or
Q. a=3, =1

b. Since the clements are placed along the x-oxis
GsY = Qx- Gr = G- (dy SIN6 @S g +4y Sing Sing + JaGsB) = SIN6BSH
The array factor for this army is similar to that of Problem €.26. The
(AF)4 =3 CeS(™sing cosp) + Cos(3.'§_gl SingCosg) = 4&53('%3‘:% @s¢# )
C. The totn] fidd is obtained using the pattern mutiplication rule of (6-5)
by mul’cipl)ina_ the fied of a Sirljle Na dipole , as 3~weﬂ by (484D
With the” aray factor above. Thus

; . LR cos(L(osh) 3/7d o
(total) = E, (s F)= e, 2 A0S 5 SING Cosg
Eg ($otal) " Mjlc)X‘ﬁ) 2T s “ror [ (2\ )
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6"2 9. The answers to this problem are identical to those of Preblem 6.28
except that CosY (S equal to
(S ¥ = Gy-dr = Siné Sing
Therefore Sing Gsg T Prob 6.28 must be replaced by Sine sngf
6'30 Q. From (6-63), @=10, G==5, az=1 ) « Verified With CemIJufer Fﬂjr‘ah‘l
b. Since the array (s broadsde, the progressive phase shift
between the elements og feTuired I:fy (6-1(802) S 2ero (@:0_)

C (ARga 22%_ an s [n-pul, M=Mess = 156, Quiputerfrogran
2 2 Do=6.087dB
d. LT s (Zs) G5 3 N
E =de j{ 2= [ et J{IGCos(%Cosa)wCos( Gose) + Cos(Leosp)
6"31 a. From (6-63), Q,=10, 02=15,043=6, Ga=| ¢ Verified with Com[m&’er
b. Same answer Like (b in Problem £6-30 FijTm
(Do =6.467dR)
At d=2

63 4
© AF=Z ay@s[an-nu] =30 +15Ce82u + 6 (oS Al + oS M
(« M=Tdcoso = Tesp)

d. Field of Es at origin : From (4~624)
E :-_'.’l:rbé-jkr [ COS(%CQSG)" COSCE)J & ope chpale af j’e.“ fh
i L Sin 6 1
Avrey . e Cos (Zup) - 0.0
Es ~ 1 :rrr [ . i '7] [10+ I5Cs2u+6 oS 4 u + CoSG.Ll]

« U= Y cesp )
6-32. The exqtahon Coeff:c:en'l's for a 5-element binomial array Gre
1,4,6,4,1 or (,=3,0:=4, and G3=], Thus the array factor Can be

written usina_ (6~6|b) and (6-6IC) as

2
a. (AF)s = ;El—an CoS[2(n-)ul = Qi +0Ga CoS(2u) + A3 @S (414)
array fuctor can alse be written

Lls}r\a (6-63) for m=2 and m=4 , the
05 (AF)s = Qi +Qx 208 ~ 1]+ Ga[ Bostu - 8 cos 2+ 1]

@F)s = 3+4(26s%u-1)+ (8 Cos*U - 8cosiy+1) = Bastu=8 C°S*(T;—\Gl s6)
(Continued )
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6-32 (Cont’d)
b. Using the computer pregram at the end of Chapter 2.
D, =3.668 = 5.64dR
¢. The nulls of the pattern are obtained from
(AF)s = BCbS"(T-E?_-Coser.)h:A: 8 Cos*(M (e 58 n) =0
TeSHn = GS0) = 2 (A )w, 1=0,1,2,3,4," "
bn = C'oS_I [:h('m—ij)] 5 NS0, 1y, 24
n=p * Bo = CoST(13%)= 60 |20°
N=4 : Ba=Cos'(22)= Does not exist. The same holds for h>2.
633. R=20dB $ Ro(vetiage Ratio) = lo* <lo
Z =2 (o 2+ (lo-Vios—y )] = 23452
0. The amay fador Can be wrilten as
(AF)s-‘-.i Gn Cos [20n)ud = G, + CaCoS(2u) = Qi+ Ay [2sU -1]

n=|
(AF)3 = (Q=02) + 200 GSWU = (A-Gs) +20 (053 (W sp)
lefl-in\] Cosu = Z/z., and equating the army factor to the Tschebyscheff
polynomial of order 2 , we obtain
(a-0n) + 202 (F) = -1+ 2223 gf 229 0,=2%=(23452)*= 5.5
Therefore (L=4.5 7‘0'_ nermelibel {o,". =4.5/5-5=03I%
0.=5.5 G:n=5.5/55=1.0
@@i-0.)=-12 Qi=0:-1=4.5)
b. Thus the army factor & €qual to
(AF)3 = 0.818 + CoS( 209 (058) = -0.182+ 205 (F cos )
C. (AF)z = 0.8(8+ (0S(2T(o56n) =0 (oS(2r(®spn) = ~0.8(8

2w (o6, = (oS (~0.8(8) = {-‘t 144 885°= + 25287 rad . Also (£ 2.5287 £2Wn) rad.
1.2|5.115° = £ 3.754 rad . Also (£ 3.754 £21n) rad .
Therefore g, = Cos'(2:3287 ) = 66.27°, 13.72°

On= Cos™(t2 5;3‘7—2#) =126. 63"

gh - cos“‘l( ~2.5287 1‘.1“') = 53.3I°
T
( Continued )
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6-33. CCont’d)

On= Co$'(2 312%) = 53.31°, 126.43"
On = (oS ($3.754-2% ) = |i3.73°
27
Bn = S'(-3.754 + 2T ) = g¢ . 27°
2%
Therefore #he nulls occur at

Bn= 5331°, 66.27°, 113.73°, aud (26.¢7°
d. The maxima of the pattern are obtained using.

(AF)3| = 1818 = 0818 + (>S(21 3SBm) P GBS RTGS6m) =1
Max

2N oS Bm = CS'(1) = 0°+360°m or Ox 20w radians
Thus  Om = Cos'(zr) = 90°

Om = Cos' (‘;“'-r-)= GS (1) <0°

Bm = S'(-F)= 6s'(-1) =Igo°
There exist two more moxima aGnd ome occurs between 53.3(°
and 66.27° and the other between 113.73° and (26.69°
Alternate methods an be used tofind them . Owe method will be
*o *oke derivative of (AF)s and Squate it %o 3ero. This allows you
o find the extrema (minima amd moxima). If the value of the
second derivative of these points is positive, they are minimo
if it is negutive they are moxima. Thus

d;gF)s = —Sin (2T GsBm ) (=21 SiNBM) =0 > Sin B =0, SN (M@ Hm) =0

SNy =0%Bm= Sn'(0)= 0% 180°  They are maxima (from above) .
Sin (27 Ggbm) =0 2 2M@SBm =SIN(0) =X MT, m=0,1,2, - - -
m=0: (osbm=0=20m= Gs'(0)=390°C Maxi mum.)
M=1; 2NQsbm = 2T Bm= CoS'(33) =60° 120° (Moximp. )
M=2; 2T Cosbm =120 Bm = Cos'(x1) =0 180" ( Maxime)
Therefore the waxima occur at =0 60° 90°, 209 and (80°

Note: This procedure did not yield any nulls because the nulls occur
ot points (See graph next poge) where the Cmosth Curve wes
truncated and where, there are 3ero a-oss'aya_s.

C Con‘tinu&l)
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633 (Cont’d)
An alternate method will beto Use the procedure which wes ysed o
tabulate the datu of Table 6.8. Since this s a 3-element array,
its array factor s equal to a Tscheb/yscheff po(y nomml of order.?.
and itis shown Sketched hers . ”

The nulk occur at

Z=1 [z =%0.707. Thus
USIYIG the relation of (6-72)
Z- = s =6S(Fdcesp)

Tschabyscheff Polynomial of ordar 2

|Tz(2)\

10[em = sl o9 o - . . - B o o o e e o — -]

Ford=n, Z==% A4z, o
and Zo= 23452 2k
el v ;
Co8 (T@SB) = & s =40.3015 zHﬁ

93 -2I -'; 0 i é 3
TCosh = (oS (1 0.30(5) = { $72.45°=+ 1.2645 rad = 6= Gs' (& "“fr‘“g) = £6.27"
Also 8=13.73°

+(07.55°=%|.877 rad 2 0= ¢S (2 %’1) = 533|°
Also 6= 126.6%°

The maxima of the puttern oacur at 2=o, 2=+2 = 123452
For Z=0:
CoS(TTCos8) =0 = rrcose‘-'(‘as"(o)--:t(-%_:“'_)rr, W=0, 1,2, - °
M=0 : TMCes8 =3 DO =Cos (L) = 60° |20
m=1 : Tlesp = *3T 2 B=cos’(1£) 3 Poes not exist.
The same holds for m>2 .
For 2—1:23452. +Z,:
CoS(TCoSH) = = z= ii 9 Weosh = GS'(£1)=tmw, m=0,1,2,-
M=o Tl'CoSB—(J:?G—- Gs (o) = 0°
m=1: T (s =TH6=0S'(21)=0° (80"
M=2 : TGse = 12T9 8=wsS'(£2) 9 Does not exist .
The Same halds for m73.
Thus +the Same answers aGre obtained as with the previous
method
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6‘34 The procedure for this problem is identically the same as that
of Problem 6.33 except that the Side lobe level for this one
is —40dB instead of -26 dB.
G. (AF), =va1 Gn COS[2(n-DU] = Qi + Qa2 GeSQU) = (A ~82)+20, oS U

Ro= 40dB = Ro( voltuge ratio) = (00

=2 [Cleo+loo™=7 ) 2 + (106 - Vlogr—1 )1 = 71063
Thus =\
(Q,-02) + 202 GSU = (Qi-a1) + 20a 'z'.;) =2z*| = Ta(ZB)
20:(F)=222 9 Gu= Z*= (71063)* = 50.5
GW-0a==] F = Z' = (7.1063)*
=2 W=~ +02 = 49.5

Q, = 49.5
Oa= 50.5

A = Q/a. = 49.5/50.5 = 0.9802

} nérmalized B G"/(lz s 50.5/50'5 = 1.0000

0. (AF)3 = din+ Oan CoS(aw) = 0.7802+ Cos( F32 Cos6)
= (AF)?- = (Qin "O.zn) +20an CoS™M = -0.0198 +2s*( % COSG)

C. For d=3%4 (0°<6% |80°)
(AF)3 = 0,802 + (oS [%{Qcosen] = 0.9802 + ®S(¥ Cosbn) = 0

3r S _(+168.58°(+2.9423rud)
== CosBn = Cos (-0.%02) =

= n ( ) [,-j; 171, 42°( +3.340%rud )
TheJE(Dle eh-'-- COS—l(-_h_gL;TI:&LL) - S|56°) '-18.64‘

On = Cos(+ 1%-34::.7)) = 44.85° 135.15°

d:- 2 3T
Dy = < Ro 2 =
YA R M R { & eosh[(Geshrr~n] |
§ Ltd
{=1+0.636 iﬁ'ﬁ: 5“5"‘[\((503‘\-'000))&'“"] 3.-.-.11.323
De=_=20(00)" =34 =5.32dB

I+ Clop*-1)t l-3-23C~§-)
llslnﬂ the Computer Projrnm at the end of Chapter 2, Do=3.76 =5.95dR

% HPBW = { o' st - 0.443(c5 ) | - o8 [osb.—0.403(55) 1 [, .

= {es! [0-0.443($)] - cos'[0-0.443(4)] } 1-323 =30.05°

(Continued)
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634 Cntd)

The excitotion efficients can qlso be found using (6-77 b) or
M¥

= " 3*‘(2")“&*)6,(5’ +M>:2>!(2M) with M=1
n =21 1
Thus 8 (‘3*" (M-g+1)!
2 .
O‘i = ZC“‘l)-2 3- (‘7.'063){3 D (‘? 20 = -24 (7,06‘3)-‘-= 49%.5
3‘" 265-01 (g-1)! C2-§) !
4 _3‘::26') Frosas Y _gov!2 = (7/063)*= 50.5

(-2 1 (-p)!
6-350 (AF)4 :'-nli_ On (oS [ (21-DM]
= Qi CSU + 02C0S3U = (A1 —=30a) CoSMU + 4Ga Cos
= 40dB 2 R, =100
= Cosh[ 3 Gesh'(100)]1=30095

Ther efo
(AF)s= (0-302) £ +4aq. (—E—) =32 +42% = T3 (2)
__40x
(3.oof5)2 =4 34, = 27 257 > a, = 2668

al"‘3(2725?) az=1

ST -3 & gy o= T2, 782 .
b AE = 2.668 Cosu '+ Ces3UC1 5 U= —5{ (oS
ol d= 3 = Z'TI' CoS6

G
3
AF =2.668cos((+ CoS3U= 2.668 COSU =3 (osu~+ 4(oS"(Y
= -0.332 CoSU +406sS3U = Ces (3 (ose)[ -0.332+ 4. CoS (fmga)]

= cos(Fs6) [ 1.668 +200s(Fcese) ] =0
2557/

o @s(Fesba)=0 e Losh= (5'(-0.834) = {3. 726/

gy 2 GEL(2 3m) = 48.19°,

2 = &7 /370 Campu\'ev Resull
= % [3’&"(2-55'71)] “ : Divectiil
On= (o 31[ 2(3.726)) | = 37.7487° Do=6.85%dR3

Compu?E’Y“ D\‘ojmm LB T2 T4, 02220 21 > Normalired aa=1, a,=2668
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6-36 ¢ (AF)s ZE-T Gn Cos[2m-0dul = a, (oS{pu) t G2 CoS@U) + Qs oS @)
= i+ G (20s*Y-1) + aaCBCos"u;a@gﬁ,{+i)
= (202-803) (6S"U+(8 GS*U) Az + (G -Gt G3)
Ro=10, 2, =Cosh(4Gsh™C10)) = 12933 , Ta@=82*-82% |
© (202-803)(E)” +803 (Z )M (o -areas) = ~B2 4 824+ |

824 a;

ST T e e

et cslayy )

BZ* '3 g2 449992

Ci. 2983)*
Gi—02+G3 =| > Q, = 27023
Q. Qs=1, Qz=1.6085  Q =0966

b. arraj fm:i‘or .

(AF): 0966 + [.6085 CoS(RU) + CoS(4WU)
u= Meosp

i _ 3u
¢, d= 32 u= F 8.

0 =0.966 + 1.6085 (2¢es™U -1) + 8GS*U-8 Cos*u +|
= 86S*U -4.783Cos?Yy + 0.3575
" Cos(STtesq) = £0.7/43562028, * 0275P2265/5

(0S(9n) = 3%? Co§' (0743562028
On=70.79°,
(0S(Bn) = 3= (oS'(£0 27572265/5 )
bn=5737°, 37423°
Null d?jree
On=37423° §737° 70.79°
Gmputer Result: ai=2702, 62=4.5, a3=2.7
After Normakzed: ar=1, Ga=(60%, az= 1O -
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6-37 [AF)G = ]‘2; Qn @S [(-En-l) u:’ = @G (SU t+ QaCo83U + A3 (eSbU
Ro@p) = 20 =-20.ﬂ-08m(9n) © R=lo
Zo= Cosh( Cosh™(l0)) = 1-2733.

(AF)e = Qu CoSU + Gz (4CoS*U —3Cosu) +as (16 Cos“u~20GS U +5msu)
s(16)CS%U+ (402-2643) GSU+ (G ~302+ 503) GSU
162° -202*+ 5%

It

03 (l6)
- =3.6I

(1-2933)° 408 i

402 -20C2618)_ 0, q,= 7275
(1.2933)%
—3(72’75)‘*5(3'5/3):5 ¥ G = (02015

(1. 2933)
Q. Q‘=2-8‘.?6\5, Oas 2,0”, O‘3=i

b (AF)s = 281965-Cosf)+ 2.011:CoSEW + CoS(5W)

C. Null Pomf q:CoSB
(AF)g = 28965 (Cosu) + 2.0l (4coS3u-3su)t 16 (oSU —20 Gs3u + 505U

= 16 csuU - |1.956 S>u + 178665 @SU .= O,
+ CosU = 0, + 0.7353555305, = C. 4544251776 .

CoS(3L ©56)=0,  Bn = oS "(Fk)=48109°

(o8 (3T osp) = +0.73535553 , On=1/.57°

(oS(38Lese) = + 0.45442517%, 9u=62./?0, 2990

Null d\?ree
40 3980 6203 48490 2159
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6-38 Re "405{8 2 K CVoHnje ratio) = (0O
(AF), = ZathS[(.zn -Ou], U= ,\smemggg Z Sine Cosgf

= Qesu t02C08S3U = (a -30,) CoSU + 44, S U
Zo = (osh [‘3L Cash—l('(do)] = 3.00%5
Therefore
(A4 = (4~ 300) = +40a (£)* -32rq235 23303 L1 -4
0= 2% = (3.0015)°= 27.2573, Q= -3% t30.= 721434
In normalized form  Qan = Ga/p, = 1.00, Gin =g, = 26688
(AF)a = 2.6688 CoS(FSing Cosg) + S( T sing sz )

Eiotnl =37 LI Cos(Fosp)
2mr sing

o B 2R, o
[Hw-of(:i-‘a)] D(4=2) , where DCi=2) =165

=1 1066 { 2 b [JTasmmpere] ]

a
= 1+0.636 {fg Cos\n[,’(5,2?33)=_ﬂ-;] } =1.323
Do = 2 (100)*((.65) 4 B ;
=249 =3.944dB Go =3,2=5,054B8
1+ (loo*1) 1.323 ( A ) 48, O wfufev)
B3

[2-6688 C’OS[%S'mﬁCosp') + Co8 (%‘1 Sing (os;g):]

b f= "2 (xyplome)

Fo (tokal)| =(1)[26688 G3(Ftosp) +(‘os(§{!@5ﬁ)] 366&8—795 54.4.5"
3-d8

HPBW = 2(906-54.45)=71.1°
$=T/2 (4-2plave)

Fp Chokal)| =3. eseeffﬁiﬁ:_g@ﬁl = 3888 5= 50e°
'dB Sin

HPBW = 2(50-50.8)=78.4° which is the same as that of a
N2 dipofe s
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6-39 The answers for this are Edentimlly the same Gs those of
Problem 6.38 except that the Sing cosg factor is veplaced by
the sing sSmg ‘fmtor- Also the HPBW in the X-Zplane of this Pf'oblern
is the Same as that of the y-z plane of Prob €38

6-40. (AF)s =ia S[20Hu] = G, + G2 cos2u) + 3 (0SC4U)
=0t Clz(-'lCOSU_—D‘f a3 (80s*U-8 (s u t1)
Q. Re=40dB = Ro(h‘oltaje Yotip) =100
7, < +{Ti0o+ Yioo™ 1%+ [ic0-Yi6o7~1]4 } = 2013248
leﬂ'ma_ Cosu = Z/2-
(AF)s = (a(~0z2 +03) + (20.=BG3)(es™U + 8G3 CeS%y
= (Q-G2+G3)+ (202 -8a3)(E ) gaz (&)t = 1-82*+ 824
Equc.ﬁna_ alike terms yields a3 =i__(6-4-2?,6\z=4?.503,0u= 34.07¢
or in normalized form Qzn=%43=1.0, Gan= a3=3013, Qu = Gyay=20%

b (AF)s = 2074 + 3.013 CoS(Esing (asg) + @S (TSN GsE) u‘“dsmemsp{

4
C. §= 1+ 0.636 {-2-Goh [{aahm s ]| = 1+0.636 B en] = 1323
-1
D, = 2R 5 2 Cloo) * R et

I+ (R0 (Fg)  1+Co0™) 1323 o

D, C(om uter Pro mm) = |.Y798 =3.0ldB
al 'U'le end of ghqpterz

d. HPBW={ { Cogl(@gﬁo— 0‘4_431-_7;—‘&_) -'Cos_‘(60$8,+0.44312;_d‘) }E‘F?Oo

= 1.323{es"[0.443( o) - os'[eas3(55 )]} =1-323(41.513°)
HPBW = 54.9°
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6-41 0. N=2ZM+1=9 I M=4, Ro=30dB2 RoCeltuge Ratio) =102 =31.662

= 7][31- 662+ [(31.662)%) ] 5431662 @166 2 )~ ] 3
Zo = |- 679244 + 0.595506 = 1.137375
5
b. (AFy= & On@S[2(n-nu] =0u+0, Costau) + G3Co3(4.) + 04 BSEM)
+0s OS(8u)
=01 + 02 (205U 1) + Q2 (BCostu —8Cos U+ 1)+ Ba(32 (o5 U-a8Cos U HEcasY -1 )

+ 05 (|28 oS —256 Cos®u + (60 CostU ~32Gsu+1)
(AF)q = (Qi-a,+05-GqTa5) + (202~ 803“864-3205)@55” (BG62-4804 160 Gs ) @5 *u
: 9
43264 -25605) U + (128as) (058U
ﬁe&m& Z/z, = Cosu and E(iu.g_tm&_ (AF)q=Tg(®)=1-322 2, 60 2% 25625 (28 2°

Jeuds o Qs =28= (L13BDE= 2.8004

“256:.3&_:.@2;> O4 =(256 2% 1.255@5)/32 = 5.08%5
Z

)

1=}
(6o = 803 —480G4 +16005 503 = (160&*+4804- (6005 )B= 7770
Z4
32 =_202-803+1804-3205 30,=(-32%%80s - 180,+3205) /2 =10 226
al

| = Qi 02+03Us+dg 2 = |+02—A3+04 —0s5 = 5-540
Thus Q= 5.540 5 2au= [|-080 T NOI’MO.L@?U{ Am=0a/as = !-?‘?8,.201 m=3.956

Qz'-i 10.226 EJFM Gn= “‘/ds =3.65 2

03 :'7?’7?- = (1311=a3/0~5=2'846
i Gan = O4/a5 = (.815

Qy = aBeod dsn = Gs/as = (-0

C. =1+ 0636 fal 7 (OSh[JC(oSL 31662)- T ?) ] = 1+0.636 [555 (753 72) Ziag
Do = 2R/ {1 +(R2-1)(Zx)} = 2(31.662)Y/ {1+ (31662>1) 1144f5) }
= 7844 = 8.745dB
d. HPBW=f} CoS'(Cosp,— 0-443 ,_%'a-) 7 C°§!(C°59°+0'443l—_)-:'d_neb= 90°
= |.144 {Cos*(—o.mz_'g)— ©s'(0.443 zjg) ]’ = 1144 ( 35.65 — 84. 35)

HPBW = 1144 (1].30) =12.93°
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642  an+1=3, N=1
N+| e §

GeHiEAR), Z. Gn cos [2en-nul = Z n CoS [2~pud = a1+ @z oS (2U)

= G +02C08(2u) = O+ Ga[268U ~1] = (A =02) +202 GSU
(AF)ane1 = (4i=Ga)+ 202 (65U
Ro(dB) =26 =20 loa.o [ R. Cdimensionless) ] 5. 5:1‘;310 g
BR=lo =20
20 = Ta(Zo) =22.*-1, 2& " =2|, Z*=10.5, Z=3.24
CoSM = Z/2,
(AF)an+ = (Q-02) +26, Cos™u = Ta(2) = 222-1

@-a2) + 20 ( ¥z) = 2221, 292 =23 6,z

(a—a)=-1, a;=106-1= 95, Q=952 20,=I7
Qin=0.905 3 2an =181, Gun=1.0, On=1.0

*) = (3.2¢)*= (0.5

Qa 20 (199
S |

10.5 19 0.5

1.O - 81 1.0

0.553 & 0.553
+—

2
b, (AF),py = (AF)s = Z; On oS[2(n-Du] = ait A Gs(au)

(AF); = 0.905 + cos[2u] = 0.905+ Cos[ L dcose |

= 0.905 + CoS [ 2T clcost ]
= 05+ 0.553 S (Fdcoss)

(Continued )
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6-42 (Cont'd)
C. ... (AFs=o. ?oS+Cos(2“cJCose,,)l =0
Cos (3 2 Gs8,) = Cos(T (56, =-0.905

T CoShbn = CoS ( 0.705) = ii‘l54-—82° ort2. Toaya
+ 205.|76° or + 3.58]| rad

6= @' (£ 2102

6= Cos“'(ig-__l-:ﬁl )= @S (1-1378s) = does not exist.
0 =30.675° 149.36°

d. (AF)z = 0.905 +COS(J5‘EdCbSB”‘)J=N: 0-705+ CoS(T (050m ) = I- 905

(oS (T(os6m) =1 | TCoShm = @S'(1)=2mr, m=0, +1,12 +3 .-
CoSbm =2m 3 By, = (oS '(2m)

meo: - Gwm O30= 99° J 0= F0°

e Ro=20 , f=1+oa6{g esh[feyp)im]]
Cosh™!(Re) = dn [Ro % (R,*-1)"2] = fn [20 £ (400~1)" ] = 368825
£ +o.636ll %@gh(m)}i— ;+a,535[;:-;€o5h(1.?3225)_]l
§=1+0.077 =1.079
Bn=2[F -6s'(L3U2)] = 2[ L-cos! (L27A Nk 2[Z-05l0.495)]

Bn= 2T -(271] = 0.5996 rad = 34.3545
er: = @an = 34.3545°(1-079) = 37.068°

o agA YT =27776
e
1 +(Re “)ﬁl_ﬁ-n() 1+ (20*1) 1077 1-5A
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643. a D.=2n(g)
D, =33dB = lolyg,, D, (dimensionless)
3.3 = loa, s (dimensionless)
Ds (dimensionless) = 1033 = 1,995.26
1995.26 = 2N(%) = 2n (D) = H = N=159621 = (5,962

leA
N = 15,962
b L=(N-1)d= (15.962-1)% = f‘5:9f61;,_> = 997.56 A
L= 9956 2

3 39] Cl6) A
¢ @nx2[ZL-cs an‘ 1=2[9%0"- Csi(lclbcesa-))\)]

®n = z[so°—39.3745°] = 0.05086°= 0.05086°

d. S gt e ~185dB

6‘14/.1,, a. 30dB = 20 Qoa.goRoCVR) " Cosh™(31.623) =4n [3|.6;a+ J(_ﬂ.m) ey J

=4.147
R (VR) = (0% = 31.623

f“ 1 +0.636 {SI == Gsh [ﬂ(osh"(3|.gz;))"~ Tl"‘_] }
= 140636 { 52 cosh [2707]1 = 1+0.636 [ (152574
=1+0636(0.226) = [t 0.144 = 1.144
f= 1144

@}, = 1144 (0.0586) = 0.667°
Q= N2 fo eliam 5 Ly 08087 & 00809

D ,995.26"
@K = 1144 (0.050%) = 0.0582
b Do 2RO 203623 .

l+(Ro3-.|)f—L‘%_ 1.'. [(3‘623)2.__‘]‘[4‘4(7?:56_1’--& %
¢ /

= 2(31623)" _ 93] 98 =27.694 dB
| + [-146

Da = 93|?8 = -2?6?4 dB
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645. a. Number of Elements = Number of Complete minor lober +2
=4+2=6

b Excitation coefficients Gn. 2M=6 2 M=3,P=6-1=5
-40dB sidelobe Leve| : = RodB) =40 -‘-‘-20105,", Ro (UR) @ Royg = (07

I |
2 - T R TR R T

=3 [(‘00 + Jloo*~1 )% + (106 — YI00*-1 ) V5J
= Cosh [‘Fl; Casln-|(f?ovg )] = cGosh [‘% CoSh_‘(lo 0)] = |.6159

=00

M -
0= 2 ()t g ! MY
= -m I cgan-DIM-1)!

3 * 2
W=l -tis F (..,)3_3 (zo)“ﬁl ' (§+3 =2) (263)-1)

& =1 g+1-1)1(3-§)1
=&y z., B LTS 4! 5
+ () Z3lE |y T

‘2! ]l_zl,'f

80795 — 6379 +10.172 = 54.96
n=2,; = 2;.(4) 3F (287 Gt3-2!(26-1)
F=2 (g-2)1 (g+2-0] (3-§)!

e L S A T | = ~21.097+55.086 =33.961
1310/ 14/ o

= 25 -/ )7 i
n=3: ds =3 (PR hra: 213 = °%° 4;_!5 = ol
0

§=3 % -3)1 (gt3-013-§)1 ol 5lo,
Ot BA16 Q= 49886
0 = 33989 N:>r , Ga= 3085
da.= (1072 el az = |
c = Las'(-5) = oS- "”ST)" 0.7124 A

d.  (AF)n= G GS(M) + 0.CoS (31)+ Q3 (eS(5BU) .
M= L,ﬂa;se =1 ("_'7?: ) @S6 = 0.7 .7 CoSb

M= 2.199] Cosd
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B_QS'(Cont d) AFk = 4988 Cos(u) + 3-085 Cos (3W) + CoS (5U)

where U= T%‘i' S(p)

SRS -, dhechimn G )

for the condition which all the minor lobes Lo be of the same fevell.

The dmay =0.71232 A s obtained by using the above equation . But

one problem sccurs when we wank o use that Spacing. The radiation
patternof the array fackor Shows that another half minor fobes
existed in the 3ero degree When d= 0.77239 A . In order to meet the
Specifi cation that exactly four minor lobes are expected in the l”ejt'on
(0°< 8 €£90°), the Maximum Q|:tc,lz:1né,r need *o be medified under this

condition . After some tryi ng.» the maximum elij‘ble‘ SPa.cirg_ for the
specification is 0.7, Tus, let d= 0.7 in this design .
The ladiation Pdtern (s drawn in range between 0dB and -%dB 1 Fig P6-4v,

Array Factor Power Pattern of a 6-element Broadside
Doplh-Tschebycheff Array Antenna

0

dB

¢ -10 -20 30 -4 -50 60 -70 -60 -50 -40 -30 -20 -10

180

F i 3.P6~45 FOUR SIDE LOBES ALL AT -40 dB LEVEL
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6146
o Tsdnelo_yScheff
3/
b. \30=2010&|0[ROUR):>RDUR:l0 = 36235
Zo =3[ (Ro+ yRAL ) *+ (Ro= VR =1 )]

: ; ;
=%_[(3|-523+1/(31.623)‘—1 )+ (31.623- \(3l.g23)* - L y21
= 2[ (31623 +31.607) "> + (3].623 ~31.607) % ]

z =3[7952 + 0.12651=4.039
2M+1=3 > M=1, M+1=2

. =2 )¢ - 2(
=) (1+2-20 2 +(**)l 1?4_03?) 2% (avi=a 8! 2

= (-t)'-l*}(4.039)a

2-D10+-2 (-1} 2 (21! (241 2129
=GO A2 S eash S
201 20)C)Cr)

Gi=-1 +16.314 = (5.3)4

0= ()" ppis G
2 (2! +2-! Ci-2+1) !

02=()(4.039)>_ (VEGQ) = (6.314 /2 = 8.157
201))(1)
2 <
C. = |+ 0.636 { 2 Cosk[ (Cosh™31.623) -rrz] ]’
3l.623

=| +0636 {3[?6_23 CoSln[ ‘(4-1468)1‘“1“‘ }.L

Iy <
= 1+0.636 {_1_____ G sh (2_7047)} a l+0.636{-&— 75'25}

31.623 3623
f=1144
HPBW = @h = @5'[030,-0.443 227 — o5 [Costi +0.443 -2
60"'90" i fo= 900
- - A4S et < A i ] i a
= cos'[-0.443 —‘%{I Cos' [0.443 v 1=1262°- 538
On =72.4°

@h (Tse) = 7R.4.(1.144) =62.8256

d. - < C1,000)
D, =
I+ (999) t..'4.4..§.

= 1.3l2 = |.1793dR
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G47.

= mXn
an'="1 ¥ C‘OS(-—-—-l_ )

20, = 1+ CoS(Eé.i_.):_‘L-l-CoS(o):Z 2 G =1

= rx
0. 1+C036—-L—‘-)‘x = 1+ CeS f—t—‘-) =1+ CoS(%):I.’?o?
2x L/4

03 = 1+ @s (=X X
“'1'*'('053‘]! =
L)x3=k/.a £ ene 24

ar =1
Oz2=1%7
ag =1
648 The Qenan of the array is obtained usina. on terative
procedure of (6-22) or its j“f-lp\nic«ﬂ Selutlons of Figure 6.11.

- -
B = oS (cosp, - de) Gs (Cosp,+ 2’76’2.)

Cl. eo =30° ; usma_ iterﬂ_-tiue_, Fh"‘oced_u_re_
——-111 CaS (Cos:“' - 273

52
B =—2)- CS(CS*— ‘2'; )

Nkd= x= 318.95 , Nkd=31895 , N=(L+d)/d
. (+d)>=3835, L+d=50BA . L=Go7sA-d)
From Fz& 6-11) Lyd =50 « L=(6oA—d)

b. 0.,=45° : us‘ma, iterative procedure
Ntd=x= 22546, L+d=35882 .- L=(35&8nd)

From Fia 61, Ltd=35A :.Ll=@5x-d)

C. B.=60 Using iterative procedure
Nkd = x = 184.07, L+d=292P66A , L= 27.29661-d

From Fi&-(;-ll, Ltd=36A, - L=(30n=d)
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649.  6.=60° g=3°. de=dy =X, 0<0<(180° 0°< @< 360°

We need to find & and § which anjie. Satisfy both (6-4%2)
and (6-43b) e

Sin6 (oS ~ SiNBo- oS, = £ W= =tm G dun)
SNg Sing — Sinbo-Sing, = + R - 7‘ =in (<cdy=A)
]

Snfosg =+tm  ; m=-1,0, 1
Sine-SinﬂS~3‘%=:‘.—.n si=01

In case af

n:o,— m=-1 (smecosg =-1 :>» 6:=%"° and g=180°

SmGSmg- ; Sin 2’ Sin180° # z

- M=0: (SN CSP=0:A) » e 0" or e =(80° or Z=F0° or =2
= r : ‘f o 67240°300°

Singsing = ¥3.. @ @:F@ @#O 8=60°, 120 D=

@ =@
L M=+1; (sme cosg=1: D»(6=7° and §=0°) or (p=70° and #=360")
sing Sing = 3. @ D*Q @ #@
In case of
h==1 S“lngcosﬁz __1 ;@ (9:?09 O.‘I\J ﬂ.—.leoo)

CRE. ( smpsing = E-1:9 @ + QG

| vttt smeaasp-o : @ 90 or 6= (eo or p=0° or g=27°

Sine sing= & 1:@, @¢® BEG  pge-rérgm
D=@  9=7687.1723¢°

D=
e (sme Cosg = +1 @ (b=%0° and =0°) or (B=50° and p=360)
: SingSimg = _,1 @ @ ;h@ @;é@

Ajo_in, we "founal the anﬁfe_ of ara{iwj lobe

120°— Gmtlnjﬂobe
Z=270 < 6 =0240°
8 = 300° }

n=o0, m:OiAt,gﬁo“ <6 =60° - Major Jobe

2> Noexist in physi cod
CContinued)
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650 dx _—.d; = Mg, M=lo,N=8, 6.=10°, &,=90°
a. @z == kdx Sind, (bsﬁp = e %l’ ! Sin(io®) (oS(90°) = 0O
@y = -kdy Sing, Sing, = - A 2 S Sin(10°) Sin(90°) = =~ 0.1364 rad = -7.81°

b D.=TGs D: Dy
Dx =2N( &) = 2¢10)( &) = 25 = 3.98dB
D& = 2N ( )\) =, @)('é') =20= 3.0(dR
D= Twso) (25) (D = 15.47 = 11.87dB

e ®xo = (oS' [Q\Sﬁg" 04'43,%;] 90“ @S [C"Sea T 0.443 L."I-dz.] Bo=90°

— -I
= (0S'(~0.443 T35) ~ Co57(0.443 T35) 2 0. % ~69.24° =4/.52°

= 0.7245 rad
Also from Table 6.2
@xo:: 2['%0_ ®S ( 13?17\)] 2[900 COS'I(I 3?‘)‘8 )J 4‘ 4? 0.724 i‘hr.(

Byo = CoS'(C036,~0.443-L2 ) — cos' ((ose +0.443
y : L+da %‘,:? ° . 44 QJ )6 =fo°

= (o8 (-0.443 1) - (0S'(0.443 1) = (16.3°~ 63.p"= 52.59° = 0. 718 rod
= 8 sl 3NNy °_ .l .39( % 3 =m0
@’&0 2[% C‘osfm-';)] 2 [90°~ Cos' ( 1:3? afh_B )1 = 5256°= o7 rd

Therefore ;
On = /. % 'l_-_ By _ 5259° 3 4
a -2 =3 .a ®sb8o  CoS(l0°)
55 [ @, 5% + @), Sl % | =0.932 rad
#=50°
Bo=(0°
&
’lph = = — = °= 4\5-
@xj ‘S\ln% 2 @Qﬁ Cﬁlgo %:900 e @xo 4!52 0-72 rﬁd
Bo <10°

QA = @On W, = 5340 (41.52) = 2,217.17 (dejregs)a‘

. aU6YY iy g

D. -_Q @ )"‘.2321;?? =14.6| =1|.65dB and it agrees with
s , 214

ol the more accurate valueg above
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651, de=dy = /4, N=M=10, 66=10°, ¢%,=45 R, = 26dB =20
f?-‘ 1+ 0.636{—2-—&)5"1 [\((Coslnqtl-?c)l—r[;_l }L
=1+0 636[ Cosh[ﬂc,,gp(zo))l T J } =]+0.636 i Cos|r|[ [(369)%T ]}

f= 140636 [ 2 Gsh. 93)]*= { +0.636 [3 RIREN "= 14 6077 =,1:67F
a. D=wcoss DxDy 5 Lx =Ly=9(2)=z?\:2257‘

Dx = o = Dus —-"-—-———-"z e
I B FAS G 3 a
e Le+dx s OfL g+dy
Dy =Dy =__20a0)*

= 665d
l'.' (_-102._]) 107?3175_ 462‘1‘ B

D= mCoS(le®) (4.62)(4.62) = 66.04 = (8.20dR
b. Fora sjuare armay 5 @h = By, Secbe'= ByoSecho . Ph = By, = By
@((1: @}o -...{CDS [Cost, - 0443L T J — Co8' [C036°+0443 dx] jf
x tds Bo=96° 00=90°

= { 8" [costo-0.443 H*‘*J!,;OCDS [es8, + 0.443 La*“‘j]gomj‘ f

= f CoS' (0 - 0.443 _2—_'5-) —Co5'C0+0.443 5%)3 {(ho11)

By = Byo = [100.21-79.79] 1.079 = 2041 (1079) = 22.03° = 0-38 44 1ad.
Alse fnm Table 6.2

391 A o
(L eﬂ, =2[%"¢o ﬁ'umo{ N4 Jﬁ.o??):- 2 (10.20)C1.079) ==22.01°=03842 rad
Thus
= @ SeCOo = @, ST, = 2203 Sec ((0°)= 22.03([.0(5) =22.37°
@)h & J = 039 ma[

Yh= B = By = 2203°= 03844 1d .
C. Qa=®nth = 2237(22.03) = 472.8] (degrees)™ = 0.150( (rad.)™
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652 dx=dy= g, M=I0, N=8, Bo=10°, &, = 90°, Ro=30dB = 31.623
G. Bx x —Rdx Sing, Cosp, == 3 (§)SinClo) 08902 =0
By~ - kdy Singo Sing, = §)slnﬂo‘)sﬁn(99°) = 01360 fad == 781"
b. Do =T®S8 DzDy
f=1+0. 635[ = Cosh [ (coskcar629) T l]k

a
= 1+0636{ 32 cosh[Jamm 12 ] b = 10636 (520, (71529) | = 1144
Px = 2Ro" ~ 2(3L623)* = 2185 =3,394dp
I+ fl?o’*—l)fr%gx |+ (31.623%1) I-IMI%-
D= 2R ~  2(31.623)% = 1,748 = 342648

TR 'JfL&*% I+ (3l6a321)(1.144)
D, = T @SClo®) (2185)((.748) = I1.817 = (0. 725dB

o @xo:@;‘,[ £ = 41.52 (1144) =47.60° ®*°l and @;}

uni form uniform

iy | were obtained from the
®y = @y’olf = 52,59 (1.144) =60-16° | gilution of Prblem .50
Uniform
From the Solution of Problem €.50
@h‘ = B®yo _ 60167 _ | o154 (60.16") =6(.09°=[.066 rad
CosDo  (Ss®)
Bo=10"
1.P|,,| = @, = 47.50° = 0.829 rad
Po=90°
Go=10°

Qa = @OnWh =609 (47:50) = 2,901-’7'750*ejwe8)"= 0.884 (rad)™

D. ~ 32,400 - 32,400
SPa (dsjvees)" 2,901.775

= .17 =10.48dR and it czjl"ee.S

closely with the wore accurate valueof [1.817 oy (0.725dB
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653. TIn the design of an array, the maximum occurs at 8=6. at the

design frequency £=fo which has been used £o determine the Progve'f-?ibe
phase between the elements. As the. shifts fromfo, the maximum

alse shifts tn Some ather angle & aray £cam B, .
At a frequenCy $h, the maximum of the anoy factor will be 0.707 of
the .normalized maximum value of Unliy- The frequency fn is referred
to as the half-power freciueng, and 4 (S used fo determine the
frequency banduwidth over which the pattern varies cver an
amplitude of 3-d3 from the maximum ak fo, To determine the
frequency Th ond the 3-dB frequenty bandwidth, the. normalized arroy
factor of (8-ibc) is written using. (6—21) as

aF= & sin[ Ard ((oSSvC’OSBa)I:[_

Sin [E{—' (058 — CoSbo)]

Tl\e frectqency IS ObSCbLl"ec{ n the army fa.ci'or‘, To be Vq“c[ syer
aband of frequencies the wavelengths A and Ao and ;l:hefvequewdes

f and fo should be shown explicitly: Usiwj the relation V= Xf,
the array factor Can be written as
AF = KIL Sin[ INd (6,50~ o 256, ) ]
sin [ ‘[u_“{ (f cosb - fo ©58o) |
ohich peaks at 6=0, when f=f, . At any sther frequengy, the army
factor peaks when
{056 — foCosBo= 0 = Cose=;;ia,geo

The ha.l'f— power- of the anpy faci-or- is obtained Ly 19&5“&_ 6=6. and
accurs
VT (£, Cost- £, ost) = ME4 st (fi=o) = 1291

or

(fn—f)= 1321V _ 0.BB6U . 0.8867
N‘ITdCOSB Nd_ Q_S‘eo (L'{"d) G'-'SQ

(Continued )
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6-53 (Cont’d)
Therefore the 3-dB frequemj bandwidth s

BW (3-dB) = 0.886V _ 0.8860
Nd @38 (L+d)ase,

Therefore the bandwidth of an array depends not onthe fiequency
operation but rather onthe array Eeujfh and Saw angle. .

This 1s Qf undamental Constraint on wide-instantaneous
bandwidth of arrays
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T USiﬂj (T—4), the array factor Gn be written as

AF = GQ+a.Z2+032%= 1+28+2*= C1+2)"
Which has two reots and beth occur at Z=-l.

G. The nulls of the array factor can be found by setting Z
®ual to-1. Thus

For d= A4
27 A T
kdeos +@ = R (7) S8 18 = TGosb+8 = 2N+ 1T, N=0,1,2,- -

8= Cos'[Z(~-B+(amtidM) ], n=0,1,2, --

Foy g=¢;
6= Co§'[£2(2n+1)] = does not exisk, No zevos .

For @"'Irg:} iy
g= coS [2 (-0.5 + (an+1))]

For N=0 3 6= s [2 Co.5£1)]
usi-nj the Pos‘rtive s'lgv\ between the two terms

f=Cog'(+1)=0°
For@=“.' -
6= as [2(-1%(ant+1))] . ‘
For N=0= p=0s'[2¢121)] = Ces'(0)=To

For @= 374 3
é:Cos" (2 G 1.5 n+)) ]
For m=0 94= G§'[2¢-15+1)) = CS'(-1) = 18"

The Computed patterns for d;% and B=o, W2, T, 3T/
are Shown ploﬁeol n Fij.P‘T-l. The nulls do occur at the

Covn Fu‘red anjle.s _

( Continued )
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! \
.I
)
8 i
- - 7] ‘
[
8
A
/ :
/ ;
32 3 .I\' :
.
=

\

; '/ 120
-10 4B :
W ‘

180

ig. P1l
7-2. For @=0 and d= 24

P = kdCoss + = 3T (Z) CosB = 7 Cose
which veduceg to

B=0": p=tp=F S2=]
0=60" P = =L(3)=F 3 Z.= (+)A3
6=120" P = P;= %(~§_)=-3—r > Z3=((-)NZ
Tkerefare *he array factor of (7-5) Can be written ag
AF=(2 ~2)(z - 2.)(2-25) =(Z-})(Z- & 0+))) (2 - =)
=)t Ot+5V)Zz — (2 +))z>+ 23

( Continued )
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2 s (Cont’dl) el
AF= 1) 4 (113230782 + (132 €T M z2, (123

Ancther Form (s
AE= ()& ™, u.frn)ejo'?ss'?fz + (i-ﬂ32)552'52£z‘+ a2z
AF = Q, + 02 2 + a3 Z%4% @2zt
a. Four (N=4) elements are requived .
b. The exciation coeflicients are equal to
Gy = @S2 _@iWas | £3V2 = | £L-T/2
Oz = (1.732) 101653 = 1132 L6.7553
a3 = (1.732) & 372 (1.932) 125 _ | q32/3.n57 = 17324-2526
04 =1 =140
C. The array ’fuotor is 31ueh Ly any o‘_f the twe above ‘forms,
d. The array factor is pletted and it is shown below .

N

VO',

—

/'/ )
Y

QY

/]

5

O

150

\

i
o 0 dB ]

180
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7-3  AF= Z(2%-1)=-Z+Z°= Qi+ 022 + W2 G423+ As 24+ 06 Z°
Therefore -
. 0,=03=04=05=0
Gx=-1 = 12(80"
O =%l L L0°

Total of Gelements, four of which are
null elements. Therefore only 2 active
elements.

b. Zi=o Z=3q Tha gm;hg between the active elewents
Z2=d Zs =44 Z - Z, =(5-1)d = 4d
Zz=2d Zs =54

(S

C. The excitotion Coefficients are shown in part (a).
d. For o spacing of 22 between the active elements Ze—Z3 =4d =16

d= 04 A
The nulls of -the array factor are found using
e;a.zrra:sa_l)

AF = 2(z4_1) = @) kdCoss (o14RARSO_ 1) = eioBT Coso ( =0

Therefore 3.2ITCOSE)6I =42y (8B = £NT, N=0,2.
=0n

Bn= cos'(£ ) 3 Bn=T0° 51.32°% 128:68°,
AF= Z(23-1)=-Z+Z%= 0 +02Zt G3Z2*+ 04 Z3+ G 24

& Therefore

6. Qi1=0Q3=Q4=0 l Total of 5 elements, three of which are null elements.

Oa2=-1=14180° Therefore only 2 active elements.

u$= i1 =140

b. “@=p Z4=3d } The SPOL‘I'\ between the active clements

Zz=d Z5 =4d s Es —Z3 = (4“1)d=3d-

Z£3 =d-2
C The excation Ceefficients are Shown (n park (a)
d. Zs-22= L5X , d=05A

The nulls &f the arroy factor are found using
AF.___ 2(23— 1) = edﬂCoSQ(ea3HCOSS_ 1) =0
3T Cosh |a-o =3T0SOn = £nT, n=0, 2.
=%n

Bn=0s'(£ %) 3 On=T0°, 48.19°, 131.81°
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5. srw-= {1 40°¢6 < 140°
0 elsewhere

40°€0<140° 2 J5 <6 & FT
USina Bquation (7-8a) , ~R/(1.3054) € § < R/C1.3054) for kz=0,
and  140°> 6 > 40°% Thus

® . / /
Iz’) = _I-TU—\?;US':;[ 5{“(?%{)/%)] QNJ

SF(9)q > SF@), = #{ S; [,—{-ﬂ(@sg +7 335 1 Y- Sil £1(Cosg ~ rgﬁ;g )] }

For L=5x and £=(0A, the normalized current distribution is shoun
in Fig-PI5@) and the patterns in Figure P7.5cb):
1 T T T T T T T T

08 o Line Source
~ (4= 57)
i kg X o PR
L] :
0.6F Lk Line Source
% fj: o 7\.)
g
0.4+ L5
3
0.2t =
F=3
.
= ’ A= —
¥ ~ = ’\ = /\\‘ = ~
G 7 LY 7 e
b3 f ¥ \/ \.“‘ Vi
-0.2F 4

Bl w0 e
Source Position 27 £
\
i Mﬂﬂm,oes‘wq_
A e BV R A AT
thes! - Synthes'ed
Synthestjed— g=loX
ost [f=5A

06F

0.4F

0.2F

SMCE FAcTor |SFE®)|

. 0 . ;i : 0 I :
Fta.P’7-5. cb) i = ob.zsoervftior;mﬁnqafe G(Aejrees)



7-6. Using Equation (7-80), —H/z <§ < k/z for kz=0 ond [20°>8 >&o° Thug
I@)= £[sin(%&)/(¥)]
and SE(e)y = SF(B), = & {S: [ 2n(@se + 5)1- 8 [Enceoso -3)] §
For 4=5X and £=10X, the normalizec current distribution is Shown
in Fia_ P76 (&) and the patterns in Fijure P7.6 (b) .

1 T T T
0.8F Eg Lir(i:-égource
H — — — —_—
“+
0.6f s Line Source
g A={on)
S
0.4t =%
v
i
3
0.2+ E s
£ ) \ - /\ A
’ o ( \\ T T
G L
b T // \/ \/ \\.._ //
-0.2F
G T AN S T o e T O S R
(a) Source Position z7A
1.2 L] T T 7 T
Synfheslilecl
/)&\ et
A\ ooy
1+ <« Desired
; b2 BV
S)mfhemnol V V
® (A=1on) 2
f LL
L2
o
0.6 =
3
L
04t Y
=
5]
0.2+
00 20 40 60 alO a 160 120 140 160 180
tb) observation Angle 6 (desrees)
Fig. P7-6
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s

For 60°48 £ (20 the excitation coefficients cn be

obtained USI ng

T sin ("
Om=éﬁ-§.‘v eJ"“‘qu;:_:li[ mw )
dasy mw

or n normalized Torm by

(Qm)y = _S.ﬂ%l
mT

=<

In normalized form, he. forms are ec[ual *o

2M+1 =1l S M=5 2M+1=2| 3 M=lo
W= G, k) «omidS wm=0,%l, -+ Ho
" (Qm)n m (Om)n
0 1.00 0 1.0
1] 0.6366 = 2 et 1] 2/
12 o 12 (o]
£3 | -g2122=-4 13 -2/31
= o a4 o)
+5 0.1273 = g% £3) 2/5T
+6 o
7  -2/77
+8 o)
Ly 2/7m
X0 0

For d=%z2, the CorreSPondinj array factors are jiuen by (7-3a),

or
AF(6), =1+2[An CoS® +031 CoS 3P + Qsn S BY ]
AF(8),, =1+2 [Am @SY +azn @S 3Y + Qsn (0S5Y

+ Qan Co8TY + OQgqn (b8 ‘?q’ ]
where P =kdosg =T cosé

The desived and g}nthesieeol patterns are shown  plotted
n Fijwe P7.1

( Continued )
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T-7 Ceont’d)

\

3 L - Dasived

gtdni:’nes't&«l (M=14)

W R, %uant'hesiz-ed (N=21)

= Y

e .
= =5

X
&
5-- 0-6
«

LL
z
o

4

- d g
1o° 50° 30° j30° 1S0°

Observation An%lo. 0 (deqrees)

F'fj, PT-7

7-8. For L=B5A 3 6mCos'(m%) =0S'(0.2m) , m=0,%1,-- -, 25

Thus

W] O Om m Bvi Awm

0 (g '

1 7846°| | -1 101.54° 1

2 66.42° b -2 113.58° i

3 53.13°| 0 8= 8687k O

4 36.87°( O =4 143.13°] O

5 0 0 -5 | 180° o
For f=(0n 0m =003 (n)= Cos'(0Am), m= 0,21, -, %10, Thus
m Om G m Bm Owm
o 90° 1

l 8426° 1 -1 9574t 1
2 T8.46° 1 -2 j01.54° 1
3 e6qt 4 -3 107-46° |
< 66.42° 1 -4 /13.58° {
5 60° 05 -5 120° 0.5
6 53/3° © -6 /126.87° 0
1 4557° 0 -7 134.43° 0
8 36.87° 0 -8 143.13° 0
9 25.84° O 9 154.16° 0
10 ' e~ =10 180.° 0

7he patterns @re computed using (7-18) are shown
( Continued )

plottedl in Fiqure P7.8
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T-8 (Cont’d )

Synthesized

(Q=52)

S«.&ntl\o.s.‘mu:l
(2=103)

B
i
E.-A
w
w
3]
&
a
v

o
(-]
|
F.

Fa)

o,

o
L

a

¢]
L ]

Olbseruation Angle 8 (deqrees)
Fig. P18

7"8. Since  the number of elements CN=1l and N=21) is identical,
respectively, *othe number of samples for =5A and L= oA in
Preblem 7-8 (wohen d=2A/2, the Cbrrespovldiﬂj exclation coefficients
and the angles where each of the composing function s ts maximum
are ‘tden’c{mllj the Same as those. tabulated in the solution of
Prob. T-8. The patterns @mputec] using these parameters, Q'OHj
with Equation (7-21), are shown plotted] in Fig. P7.9.

~ =~ —~--Desived
S‘sdn‘b\\lsi}qd
(N=44)
------ — S%M:k!.s'\ltd
(N=21)

ARRAY FACTor|AR(E)|

<
8
.

Olbservation Angle 8 (deqrees)
T:iﬂ L POy
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7-10. Tor a desired pattern of
SFCe) = Sin*(g), 0°< O <180°
the desired exciation coefficients and cther parameters for e B2
are listed below.

M Gnldeg)  Om(= SF(8=6m) M Om(dey) Owm = SF (6=6w)
o) ?0° 1.0000

A 78.46° 0.7406 =} lo1.54 0.7406

2 66 .4.2° 0.T698 -2 113.58 0.7698

3 53.13° 0.5120 R 126.87 0.5120

4 3£.87° 0.2]60 -4 143.13 0.2(60

5 o o =R 180. ®

The pattern c::mpwteol US‘mﬁ these parameters and Equation C7-18)
~is shown plotted (n Fig. PTI0— 7|1 :
Tt is denticl %o that obtained us'!yxj discrete arvay wmoolelmj.

— e ——- Desired

g%ha\ts‘lltcj

a. Q=59
b. N=4ii(d=302)

+0.5

SPACE FACToRISE(8))
ARRAY EACTOR | AR

\“--..

1 L i

160 =o° 90° 130° Mo®
Obsevuation Anale. O (deqrees)

Ffd. pn,lo—m_|
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711, Since the number of elements N= Il for d = 22 is idential as
the number of Samples of Prob. 7.10, *he excitation coefficients gnd
other required Parameters ave the game oS those listedl nthe Selution
of Prob. 7-10. USiﬂj these and ec[vlttt‘mh (7-21), the [:attern Cbmpu'fed
is shown plotted i Ffj. P710— 71 It is identical *o that Obtained
usmj Continuous — Séurce mudelfwj.

712 Since the desired pattern s a'wen by
= SFfs):{ 0.342 cscce) 20°K6¢6o°

0 Els ewhere
the vequirecl parameters for a Wooduwarel line-source design of

{=20n are listed beloco

M BOm(deq) Gm= SFH=0m) m  Omdes) Am=SF(6=6m)
0 90. 0

1 87.13 0 e 9287 0
2 8426 0 2 95l 0
3 81.37 0 =3 98.63 0
4 8.46 0 s | lol. 54 0
5 n5.52 0 =D 104 .48 0
6 72 .54 0 -6 107.46 (0
T 69. 51 0 1) 110.49 0
8 66.42 0 -8 113.58 0
9 63.26 0 ~3 116.74 0
10 60. 0.3949 -10 120. 0
i 56.63 0. 4095 1 123.37 0
12 53.13 0.4275 -12 126 .87 0
13 49 46 0.4500 oI 130.54 0
14 AB.51 0. 41789 -14 134..43 o
15 41.4 0.51TI -5 138.59 S
16 36.87 0.5700 -16 143.13 0
17 31.79 0.6492 -7 148. 2] 0
18 25.84 0.71846 -8 154.16 o)
19 18.19 0 -19 161.8] 0]
20 0 0 -20 180 o

The pattern computed using these parameters and Equation (7-(8)
18 shown pletted in Fig. P7.12

(Continued )



1.0

7-12 (Cont'd)

-

_____ Desived
LA Sqantke,s'\ud (¢ =209)
0.5

SPACE FACTOR | sR(0)]

U e o 130° noo
Observation A'\%’lﬂ. 8 (deqrees)
( Bg. P11

T13.  Since the number of elemedts N=4l witha spacing of d=72/2 s
identical to the vumber of samples in Prob. 7.12, the excitation
coefficients and other parameters are identical to those listed in

the golution of Prob 7.12. Using these parameters along with
Equation (77-21), the pattern computed Is Shown plotted in Fij- PL 13

+1.0

+0s

h
[\
|
|
|
I
l
r

ARRAY FACTOR |AFR(8))

Obsevrvation Ar\a\e. G(cleoar ees)

Fig. pr.s
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14 Forthe desired pattern of

1 15° €0 £2¢°
SFCB) o {0342 CSCCB) 200 $e &6‘00
0 Elsewhere

the required porameters for (=202 are idential to those [isted in
the solution of Prob. T 12  except that for m=13 +they should be equal to

m=19 6m =18.19° am= SF(é=0m)=1

The computed pattern using Equdtion (7-18) is shown in FEJ.P’?—IZL

Sk .0
)
y ------ DPesived
-:.r;- g'a'\ thesized (Q =209)
}‘l 40.5
18
w
i
v
= ol Beein ) I i
\0° x5° v an° 30° o®
( FTﬂ . Pn. ) Observation Ama\o. QCAaavus)

L 15°48 £20°
T15.  For the desired patternof  AF(8) = {0_34.2 (SC(8) 20°<0<£60°

0 Elsewhere

the required parameters for N=4| and d= V2 are these listed inthe
Solution of Prob.7.14. The pattern compyted us'mj Equation (7-21)
is shown plotted in Figure P7.15.

+Le

= = === Desired
g-ant'm.sizecl (N=41)

+a0.5

a 7" %

Obseruvation Anca\e. 0 (deqrees)
Fig. pu.s

ARRAY FAcToRr IAFR(9)]
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746 @a. For a -25dB Sdelebe  level
Ro Cvoltaﬂe ratio) = 1025/“’:. {0"25-.—_ 17.78 28
US"tnj (7-26)
124 $: gl -
A = cosh ' (Re) = 75 Cosh '(1T-7828)

emEee
={ In [17.7828 + ( m.qszs‘-n"l]} = 1.13655

ond (7-28) with n=5
= > 5D = 1.07728
V13655t (5-0.5)> 46413

The nulls are Siuen by (7-29) or
+6 JA*+ (n-0.5)* 1£n<5

=y 54ngeo

Vn-"—"Uh/TT = {

Vn =+ 1.3376, £2.0274, £2.9585, £3.9643, +5, £, &Y,
£5. 9. E1b] i Eia, bk

For Ll=ton, the Corresponolinj angles qmﬁiuen}fj

By = 82.31°C97.68%), 78.36°C 1o1.70°), T2.79°C107.21°), €6.64."C113.36°),
€o°(120%), 53.13°C(126.87), 45.57°(134.43°), 36.87°C143.13°),
25.84 (154.16°), 0°C180°)

The holf-power beamwidth Is obtained us‘mj (7-31), and itis

Qual to
O, ~2.sin'{ 20:07728) [, o o ld I
7 - 17.7828 )*] %
5 T CloA) [ 7.7828) = (eosh \z % }

ot )
x 2 { 2101728 [ (35706)%- (3.22322)" ] >} = 2¢3097)=6.035°

The Correspond]nj normali zedl current distribution and pattem
are shown in Figue P7.16 (a) .

( Conti nuedl )
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7-16 Clont’d)

Normavizep Curreny

1 1 1 1 | | | 1
-o.s5k o3l -1l 0O oid 034 osd
L i 1 1 1 1 1 1 1

I ]
=53 MA-y -~y -a 0 A 2; ) 4'3 -5
POSITION ON SOUWRCE Z

]

RELATIVE POWER
8
=

Flé. P7-16 (o)

-0 8 -6 4 -2 le_q
Nzu/m=(2/2)cos©
b, For o -20dB side lobe leel
10/_'20_

Ro Cuolt'aﬂe ratio) = (0 =0
3 A= = Cosh ('It'_s)--.——————_n~

and (7-28) with n=10
£ B ety 1 AT

~ /03527t (6-05)r 95476
The nulls are given by (7-29) or
Vy = +£1.1270, £ 1.8612, +2.8020, 3.7992, 4 8176, £5.8464,
+6.8807, £7.9185, £ 8.9585, 10, £, £]2; ---

For d=lon, the corresponding angles are given by
Bn = 83.53°(96.47°), 79.27°C100.92°%), 73.73°C106.27%) , 67.67°C Il 2.23"%)
61.20° (118.80°) , 54.22°(125.78°), 46.52°(133.48°),
3764°C142.36°), 26.38°(153.62°), 0O°( 180°)

(Gntinued )
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7161 Cont'd) The half-power beamwiudth is cbtained Using €1 —315,
and it is equal to

o B - 4 Va
0, ~ zgm"'{ A4 T4) | (cosh'l0)*= (cosh yg)” ] 3
T (o)

~ .- A A o =
_zsm‘{_o-%iﬂ [f2-99622)1——(2.644f2) ] I-. 2(2.68)=5.3¢

The corresponding normalizedl Current distribution and pattern are
shown pletted in F!‘tj‘ P7.16 tb).

NORMALIZED CURRENT

i 50 0L M 0 ) e e ] S ko i Y T N PP e .
-0.50, -034 -oil o) ol 03l o.s{

o L | | | L 1 l 1 i
o R | 7 S e Wt St TSl L e i il

PosiTion oM 30URCE 2

=
24
A
o0
3
@+
W
2
&
w -+
=2
£
-
&

L e e T ) : 4 G 8 10
V= =(4(9)cos 8

Fig. P7-16b.. (Continued )
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7‘17 From Page 379 of Reference 12 (Formula 1)

% L
L @) BCoS0 Cosip J,-1 (S8 sing) Cn (cos6) Sin"*2cs) de
ﬁ P AR n fq; -Cn (cosy) Jygm (Z)
For V=1/2.
gveiiase CosY T (zSinesimy) Crihfcasa) sinede = @ a"“Cnt&CcoSZP)]}ﬂff)
0

From page 50 of veference 12,

|
(1-2at+a2)”

CnH) = RO

= {_Q“Cﬂv&) ., Where {
Ctay=Pwm) =1
ThUS for n=o, 'H'l@ ﬂbOUe ihtes\'ul T&dums ',t'b

A - 1
5“ejZCom Costp s (ZSind S‘m?) C‘:{l((osa) ginede = .J‘g j Co&CCOSZF)J-;-_('Z')
or E QIEC%® c‘osll-‘J— (zSngSiny) Sinedg = J—— :]',,,(E)
St gcx) = {3 T 3 & Ja09= 28

o fﬂe’ime Cesy T, (zsime sy sineds = 2 Jo (2) = 2

o

Moking u change of variable of the form  €'=6-Tz.
the above integral Can be written as

Stﬂ(*)

s VR A LAY N
E'rr/ gJESMECOSY T (Zcose’ Sn¥) Cosp/de’= 2 sn;{e)
2

Going *Ehmug‘w ancther chanje of variable of the form
§=-Sing’>d s =-cose’de’, CoSe’= Vi—since’)
the integral reduces *o
g- eSS, 7 (zsmyp (1-3+)d§ = 2‘3'“&)

By Qet*tmj §=32/ df = Fde/, the kegral Can be written as

* j2(FE) Cos : 4 e
(0 20N g i) 3 e’ 2 S
(Continueol )



17 (cont'd.) Lastly by ﬂef;{:'mj

f(&'mﬂ’ 25“: > Z*(Sin%Y + 0sS'y) = 2= ( (os6) ™= (TB)*
ZCoSY) = RM®SH or
U Z= (2 @se):(m)* = U= ()=

Therefore
Ma o/ - %
xe,kzmse ];(J“B I~(32)*) dz’= ] Sin >~ (wB)

JME—(re)x
u_)here ,{,(:'!‘I'?%COSG

7-18. For a -30dB sde lobe fevel
Ro = 10°*°= |0"® = 31.62

The excitation coefficients are obtained us‘mj (7-32).
For o spocing of d=7/2 bketlween the elemerits

27e0 =Jo (j4.009) =11.40 = Q4= 5.90
G2 =In(2) |4y, = Jo(ja.882 ) =10.2

03 = Ty =3 (53.472) =12

04 = In 2D yr yo0 = 3, (52.652) =37

2 =InlE)|gr s = T (o) = 1

The array factor 1s guen by ( 6-61b ) and (6-6IC ), or

AF(6) = 0, + Q> CoS(24) + A3 (S(4 ) + 04 CoS (6M) + A5 BSCBM)
where M= Td coss = I coss

The patterns Gomputed for the continuous distribution and the

discretized arroy of N<9 elemerts With d= M2, are Shown

Plotted in F{j P’? 8. The agreement between the two is not
0s good as that in F:j 7. 40.

(Continued )
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7-18. (Cont'd)

719 For a ~40dB side lobe [evel
Ro=100 and B= 17415

The excitation coeffjcients are equal to
205 = Jo(;5.471) =4].55 0, =20.775 = 20.7540°

02=Jo(j4.738) = 21.58 = 2).58£0°
as =T, (jo) = 1=1«L0°

The array factor is quwen by

AF(6,8) = Qy + Qy CoS(2U)+ Q3 CoS(4 M)
Where M= g Sing CoS¢
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7-20. Using (7-1) for gn(z’)=0

22 bz’
SF(G) = g IYI (Zl) e]kz COSGdE/

-4

Uniform Iz) =1,

4y oy P L2 ‘kE’COSG
STON S Al S WS L[, S —— dijrases)
YA jk cos@

-

< el .
:Iolfﬁ%f%g_e)] ST 8 [ﬂ;—:‘iﬁ)—] where u = W{é)(ose
2

Ina similar manner, it can be Shown that for
Triargulqr,' Tn@)=TI4 (1 - F(z7])
h(#4
SF(8) = Ii(é) —[-“E%]‘—)_] | Where U= (%) Cos6

X

Gsine; In(z’)=I,cs(mZn)
SF(0) = Tl ()-S5 4 here =T (%) oso
(T~ U

(osive Squared; In(z9)= I3 Gs*(T _?i:')

SF@) = Iz (&) [S‘; 11 1Tff_a;(&]
7-2].  For L=4X and Table 7.1

Q. Uniform dIS*leution : C cos‘ine diS*Y‘ibUiiOh;

HPBW = 506/4 =12.65° HPRW = 68.8/4 = I7.20°
= I71.9/4 =42.98°
NBW = (14 = 28.65° ENBW = I7I

FNBW = 114.6/4 e
FSLMM = ~13.248B De = 0.810 8) = 6.48=8.124d13
D= 2(4)=8=9.03dB

b‘ Tr‘iorﬁu,\o.r distnbution : d. (osine -SunAYED( digtribution ;
HPBW = 734 /4 =18.35° HPBW = 83.2/4 = 20.80°
FNBW = 22%.2 /4 =57.30° FNBW =229.2/4 = 57. 30"
FSIMM = -26.4dB FSLMM = -2|.5 dB

Do =015(8)=6.80=8.33dB Do = 0.667(8)=5.34=17.27dB
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(&' 5 USlﬂj (7-45), the space factor for each distribution can
be derived as follows ;
Uniform - An(? ) S
SF(6) = 27 T fg’;o (ke'sine)dp”
USEnj Bquation ( v-22 ) from Appendix V, or
qu"*‘ Jp (axydx|=

=0

the Space factor reduces to

a a
["xTax) dx = g2 T,

Ji (kasine )
SF(e) = ZITIO{ ksing [_J“(kasme) ;r/]} =2ma’ L ~p Sne

= 2narle T : ohere i =Rasing = 53719
U

Radial : An(p) = I [1~@%)*]
SF(e) = 2 I, f [1=(e"7a)*] Js C kp'sine) p’dp”
Us'mj the [niejr‘nl

Gp C(U=kasine)= zm‘bf‘(;_mP Tavyrdr

; e
= 2trj *[1-C5)* 1P Tocke’sing)p'dp” = zma* = £ TPl Piiﬂ(“

N

the space factor reduces to
SFG@) = AWII[Uﬁ“)] , ©here u= (Z&)sine = kasing
Rodial Squared ;
Anlp)= I, Li-G'm)*]1*
Using the Same procedure as for the radial, it Ganbe shouwn that

SFG) = narI, [ B0 - = (352 sive = kasing
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Usinj the equations from Toble 7.2 with a=2x
the desired parameters for each distribution are as follows:

18,

0. Llnlform;
HPBW = 29.2/2 =14.60°

FNBW = €99/2 = 3495°

FSLMM =-17-6 dB
D, =(4m* = I57.9] = 21.98dB

b. Radial taper;
HPBW = 36.4/2 = 18.20°
FNBW = 93.4/2 = 46.70°

FSLMM = -24.6 dB
D= 0.75 (4m)*= 118.44 =20.13dB

C. Radial taper - Squared ;
HPBW = 421/2 = 2).05°
FNBW = l1l6.3/2 =58.15°

FSLMM = -36.€ dB
D, = 0.56 (4n)* = 8643 =19.4T7dR
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e 3
I(Z)[( az;*‘@*} = R]olz’: ~)weE; (p=a), R%: (z-2)%+a?

81

%. =~ (1+BR) (3#-_'3')@3@’?

SZ’- ( ‘E‘J@ )=__(1+JE;R) e)@ [JF(Z-E -—(_I-l-J@R)(S‘l- BR) (Ei~ 2) Je;@R
~——(1+)@R) ~[J@(R ~QMR = (3+j48R~@ERI*) (RE a¥)] EJSR
= - (4+ @R _e_.ls_ ‘)[(%R) .3(1+)§R)J JGR

= ““'JQ [-R*c1+jBR) - (RLa2)(@R)*+ 3¢R? a*Jf“d@R)J

R =
e’@) S {1480 R 30 = (R a) g}

Therefore
Liz. {n
‘LJ I(zf)[(ap +§‘) ]df' “’f 1) e iR {(m@rz)cm* 303 - k*(kR)™
= VS =4/

:.( a a4
+aM(ERY g*R* e/ 41rf 12 e’ [(l*‘JBR)(-zR 36+ (Bar)*|d2”

8-2 Accordmj to (8-20 ) we haue that

(3= f L@) o e% de’= e B} (p=a) = —j%gi
2o
The above ec'uatlon s an nhompgeneous ordinary harmonic diffemn‘tial

equation whose Solution is obtuined as the sum of Complementarj and
Thus we con write the solution as

)

parhmlar Solutions.

Iz(’?’) i:ri di"ﬂ—e [Baos@a) + Csm(ez)] = ’zf Ei sin[pce- -2%)] dzf (2)
Fmr‘tlcm solu 1“0!1
Therefore (2) then recuces o

L
c,om? en-.e.nmoJ
At =0, the particular Selution vanishes .

o S
J T(2) € T dz’= hj’l [B Cos(%f)-t-C sm(ei)] = az'[PBc‘os(ewz)—pr Sn (E?')J

= -J{;[BJ. CGS'(@?) * Ci S:Iﬂf(;lz)]
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>

& A A Mg
. E¢ = vi Me=-2nxE =-20; XA E, = <Gg—"— (1)
8 3 “f atze)ﬂn(b/a] ) —-f f ¢ ? ?ﬂn(b/é-) 3
Mg = —__ Vi
' In(b/a)

The solution presented here (s that nepor.teol in the followinj jOurnal PQP”.-.

L. L. Tsai,” A numerical Stlution for the near and far fields of an annular
r‘mj of magnetic current” IEEE Tromsaction Antennos and Propagation.
Vol. AP-20, No.5, Sept. 1572, PP. 569- 5%6.

The rod iated electric and ma.jhet-ic fields can be found usinj

E=-jwA ~j gue V(7-A) -£VXF CaR)
B =<k ‘jﬁ;VCv-Eh,ﬁV-"é Cabd
- IR Jsv Cre
here ‘—::Iffs'“—"fe?ds d))
. SRR |, i1
A& ff 75w _
Since T=0, then A=0 and (20) and (2b)' reduce to
E=-2VxF 3
= \
H = jof —j am YO E) by ol L)
To evaluadte (2c) the differential area ds” on the fril| is
ds’= p'dp’de” C4)

D'widinj the frill into dp” wide quneﬁc r\'mj currevt, the contribution of each
ﬂﬂj will be evaluated first. This is ac:(omPIigheJ by m+ejmi-e na.
With respect to g’ befere Summ‘md_ over all the rinds.

T
POSITIVE

D sense
FOR ¢
PLANE OF RiNg
ﬂu.:.zl. TO xy PLANE ;{ounu'nuu
POINT IM y-z PLANE)
]

- .
i _‘____-::::: o RIGHT
-t ]¢ e {"!-\II“W.“
Sk T T LT
™ 1 l2-2)

e - = e —
~
"

y ler p)
~<. ) |oeservarion

S POINT IN
- [—

- (p.z) Y2 PL ANE

~~POLARIZATION

YECTOR FOR EACH
INCREMENT d¢’ OF
MAGNETIC CURRENT Lé‘

(e p)

R*=a/(2-2)" "Pl".l’"" 2pp'read’

. ' izati Source and
Geomctrj for Rma_ Polarlia;[)os 2,»-‘];:; -

Fi &.
e o (Continued )
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8—3 Clont’d) The problem possesses gymmetry since there are no & varations,
The‘re.fore. the observation can be. locted at an plane. Without loss of
generality Wwe choose the yZ plane for the observations. For this plane
e=y and the F potential is gr-polarized (Fp). Using (1) and Cac) we

Can then write that :
<nien s JA TNCERY 1 | S
F‘g 2m n(b,ﬁ)L S; Cosg R’ olgs d? (5)
b.khe're sz [(z—z,)a_'_ez._ (ef)a ﬂlef/(\ﬂsﬁ/] Vo (56\)
Because -the ring IS on the xy-plane, each pairef incremental currevt
element dg’ (symmetrically located at £g/) has on!} anet Gy contribution.

This leuds *o the QCQSQS’fact‘Dr with an infeamtion in & from O ko T,
New using (20) and (2b) i Glindrical coordinates, we @n write. that-

Ez = -3¢ 5p(5) (6)
Fo= 2&(R) | (€h)
Hﬁ= *ijﬁ %’ (6c)
Ep = HpHE R0 (6d)

Closd ‘form express}ohs for the eleckric and muJ netic field (an be derived
when €>>b without mokih& far field cpProximqfious, From (50)

Ro= [(2-2)+p1">
After Suitable approximations on (5) we can write that

EGea=-_€ SRR e e b R .
£ 4%(%.)’&8 R2 (b=a) { J(4R§ t z&ik‘,*J'-‘f‘l )
Using (7), e can write (§a) as

by il et et Lo o (a1 2Rl s o (B0 g 2
Ez = +V; 8 Ln(b/a) Ro? {2‘ ['E_RL*J ¢ 2R J+FT0[(E+J J 2;;‘ )(Jk Ru)

=3 -3 (b" 4.)
i b Q—:)J} (8)

and (6b) as

,\'_.('bz—ﬂ‘)(’ (3—2’)’e_ij° % & -hCLL 2)7_L ,:[2cb*a®) 3
iy R R k[ AL T [ -%1] @
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8-4. on the oxis of the rinj (p=0), khe Symmetry of the preblem le\'lj the.
& direction Y‘E'iiuires that & (p=0, )=0. However Quations (8 ) and (9 )
of the Stlution of Problem 8.3 are ne ionjer‘ accurate when e e.
Therefore we will derive a Simpler form for the field which Wi be.
accurate. only for p=o0. when P=0, we have that

R'= [(2-2)% p* 1" 1)
Therefore
b — ki’ 27
= - E.. .___.__i )kR ’, £
frtod=-% Ino/a) L NG [L Cosg’de ] dg’=o (2)
Then
Hp' (0,%) = 'J""JEF‘=O o

From (60) of the Sclution of Preblem 8.3

F oF oF
E0a=-t¢- 153 ., s

In deriuina_(@, L’Hospitals rule was used to tuke care of the Y% term,

Usir:j (2) and (4) and Iw{-erdoansin& the onder of integration and

differentiation, it can be shown that (4) Can be wrillen as
1 b, T - s’
TR Weph 3 dralye
Ez(o,%) T ﬂn(b/a.) L SD &Sg/[ge_ G ]Ezoﬂf C

a P

E; P et _R[(z-29% ax] "> ik [(2-29)2 b]

CU:E)— Ql‘n(b/a){ e) : 2 e c (5)
[(Q—E’)l +a+] la [¢z- ez):-_‘_l’;] B

The above Selution s that found n:
1 LL Tsai, “A numericl solution for the near and fo.r fieldls of

on annular r'mg of Majnetic current *, TEEE Transactions Antewnas
and pmpacjai‘ion, Vol. AP-20, No. 5, Sept. (972. pp 567 -576

85  d=ou7A, azqos5A, N=21

impedance matrix [ Zmn]  for usinc?_ the deita—jaP
or mcnjnetic frilljen&rufor is same, buwt rijln‘r hancl Stdes[ V]

are different,

(Continued )
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SER T e B R B

A e SR R S T

e o = B = S S e SO S

e | IR | S |

o
|
(= = B == = I = I = B & B o 3 & Y o B o BN o BN o Bl B oo B o B o Y o B o B B o B o B o o B o B oo B o B o B o B e B o B s Y o B o B o Y o o e o B o B o B e B o S o s R e B s s e Y e Y e O e Y e Y e B e R - Y e R e Y e Y e Y e T o B e Y e |

S T T T N B B B T S B N S i e g Y

W b W W W W W W W

L

W

[Er
P o
L

LFS]

Y
8]

—
I

.9604352E+03
.4184994E+03
.4475594E+02
.1323194E+02
.5799302E+01
.3131011E+01
.1919739E+01
.1278935E+01
.8010428E+00
.6590829E+00
.4940229E+00
.3756340E+00
.2872772E+00
.2192344E+00
.1655427E+00
.1223871E+00
.8723569E-01
.5835235E-01
.3451012E-01
.1481668E-01
.1395117E-02
.4184994E+03
.9604352E+03
.4184994E+03
.4475594E+02
.1323194E+02
.5798302E+01
.3131011E+01
.1919739E+01
.1278395E+01
.9010428E+00
.6590829E+00
.4940229E+00
.3756340E+00
.2872772E+00
.2192344E+00
.1655427E+00
.1223871E+00
.8723569E-01
.5835235E-01
.3451012E-01
.1481668E-01
.4475594E+02
.41849594E+03
.9604352E+03
.4184994E+03
.4475594E+02
.1323194E+02
.5799302E+01
.3131011E+01
.1919739E+01
.1278995E+01
.9010428E+00
.6590829E+00
.4940229E+00
.3756340E+00
.2872772E+00
.2182344E+00
.1655427E+00
.1223871E+00
.8723569E-01
.5835235E-01
.3451012E-01
.1323194E+02

.2944177E+003
.2938329E+003
.2920930E+003
.2892089E+003

2852054E+003
2801163E+003
2739840E+003
2668600E+003
2588035E+003
2498812E+0073
2401658E+007
2297367E+003
2186776E+003
2070767E+003
1950254E+00]
1826168E+003
1699458E+0073
1571072E+0073
1441954E+007]
1313030E+003
1185201E+003
2938329E+003

.2944177E+007
.2938329E+007
.2920930E+007
.2892089E+007"
.2852054E+007
.2801163E+007
.2739840E+007
.2668600E+007
.2588035E+007
.2498812E+007
.2401658E+007
.2297367E+007
.2186776E+007
.2070767E+001
.1950254E+001
.1826168E+007
.1699458E+001
.1571072E+007
.1441954E+007
.1313030E+007
.2920930E+001
.2938329E+007
.2944177E+007
.2938329E+007
.2920930E+007
.2892089E+007
.2852054E+007
.2801163E+007
.2739840E+007
.2668600E+007
.2588035E+007
.2498812E+007
.2401658E+007
.2297367E+007
.2186776E+007
.2070767E+003
.1950254E+007
.1826168E+007
.1699458E+007
.1571072E+007
.1441954E+007
.2892083E+007

z(
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Z(

Z(

A

Z(
z(
Z(

Z(
Z{
Z(
Z(
Z(
Z(
Z(
Z(
A
Z(
z(
Z{

Z(
Z{
Zf
Z(
z(
Z(
Z(

Z{
Z(
&
Z(
Z(
Z(
Z(
Z(
Z{
Z{
Z(
Z(
Z(
Z{
z(
Z(
Z
A
Z(
Z(
Z{
Z
Z
Z
Z
Z(
Z{
Z
Z{
Z(
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2938329E+007
2944177E+007

2920930E+007
2892089E+007
2852054E+007
1571072E+007
1699458E+007

.1826168E+0073
.1950254E+0073

2070767E+0075
2186776E+007]
2297367E+007]
2401658E+007
2498812E+007

.2588035E+007
.2668600E+007

2739840E+007
2801163E+007]
2852054E+003
2892089E+0073
2920930E+007
2938329E+007
2944177E+007
2938329E+007

.2920930E+007

2892089E+007
1441954E+003
1571072E+0073
1699458E+007
1826168E+007
1950254E+007
2070767E+007



419,
Z(19,
2(19,

7(20,
7(20,
z(20,
Z(20,
Z(20,
7.(20,
Z(20,
Z(20,
7(20,

8-6.

Zin= 8,lfrx15‘-jz.75x16"ohms

8-1.

T)=
8)=
g):
Z(19,10)=
Z{19,11)=
Z(19,12%=
Z(19,13)=
Z(19,14)=
Z(19,15)=
Z(19;16)=
%{19,19])=
Z{19,18])=
Z{19;19])=
Z(19,20)=
Z(19,21)=
1)=
2=
3)=
4)=
S5)=
6)=
=
8’:
9)=
Z{20,10)=
Z2(20,11)=
2(20,12)=
Z(20,13)=
Z(20,14)=

0.
I
0.
0.
Q.
0.
0.
Q.
0.
0.
7%
0
-0
0
a
i
0
0
0
0
0
g
a
0
(BF-
0.
0.
0
0.

2872772E+00
37563240E+00
4940229E+00
6590829E+00
9010428E+00
1278995E+01
1919739E+01
3131011E+01
5799202E+01
1323194E+02
4475594E+02
41845954E+03
9604352E+03
41849594E+03
4475534E+02
1481668E-01
3451012E-01
5835235E-01
8723569E-01
1223871E+00
1655427E+00
2192344E+00
2872772E+00
3756340E+00
4940229E+00
6590829E+00
9010428E+00
1278995E+01
1913 739E+01

-0.
-0.
=0
=0
=0
0%
-0
=,
-0
=0,
-0.
=0
=0
~0.,
=0,
=1
-0.
=0
=0
=0
=i,
=0
-0.
EeLi e
-0.
=il
=1
=0,
=l

2186776E+007
2297367E+007
2401658E+007
2498812E+007
2588035E+003
2668600E+007
2739840E+007
2801163E+007
2852054E+007
2892089E+007
292093 0E+007
2938329E+007

.2944177E+00]

2938329E+007
2920930E+007
1313030E+00
1441954E+00
1571072E+007
1699458E+007]
1826168E+007]
1950254E+00
2070767E+007
2186776E+007
2297367E+007
2401658E+007
2498812E+007
2588035E+007
2668600E+007
2739840E+007

7{20,15)=
7(20,16)=
7(20,17)=
7(20,18)=
7(20,19)=
7(20,20)=
7(20,21)=
7(21, 1)=
7 (21, 2)=
z{21; 8)=
7(21, 4)=
Z(21, 5)=
ZAZ1 i h=
7(21, 7)=
7 {21, 8}=
z{21, 9)=
7(21,10)=
7(21,11) =
Z(21,12)=
2(21,13)=
z(21,14)=
7(21,15)=
7(21,16)=
7(21,17)=
7(21,18)=
7:(21,19) =
7(21,20)=
7(21,21)=

1= Mo, 0=0.0058A, N=21.

Delta Gap

Maﬂheti ¢

2
0.
0.
0
e
=
0
=0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
i
0.
0.
0.
0.
=40,

3131011E+01
5799302E+01
1323194E+02
4475594E+02
4184994E+03
9604352E+03
4184994E+03
1355117E-02
1481668E-01
3451012E-01
5835235E-01
8723569E-01
1223871E+00
1655427E+00
2192344E+00
2872772E+00
3756340E+00
4540229E+00
6590829E+00
S010428E+00
1278995E+01
1519738E+01
3131011E+01
5799302E+01
1323194E+02
4475594E+02
4184994E+03
89604352E+03

Frill

-0
AR

<03
.2920930E+0037

-0
=03
-0.
e
i
-0
=)
=0/
-0.
2
=0
-0
=0
=0
=0
=00
=0
~ 0=
=l
-0.
-0
-0
)
=0.
-0.

.2801163E+007

2852054E+007
2892089E+007

2938328E+003
2944177E+003

.2938329E+007

1185201E+0073

.1313030E+007]
.1441954E+007]

1571072E+007]
1699458E+00j
1826168E+00j]

.1950254E+007
.2070767E+007

2186776E+007]
2297367E+00]
2401658E+0073
2498812E+00]
2588035E+003
2668600E+0073
2739840E+003
2801163E+0073

.2852054E+007
.2892089E+007
.2920530E+0075

2938329E+007
2944177E+007

Zin= 0.2199 -J42 1.4 ohms

X Antenna Length Antenna  Length

/d L=%4 = 0.25A L=37/4 = 0. 75
R&lgluﬁ Impedance qu&us Twtlans

4=50 |lasogesal” R3e2J0AUS3ES |, o oapA 0552563 +jolsa4e3

Ud =25 |a=0005A0.1137€2-102477€3 [a=0.05N 04053 €3 -)6.1269 €3

L4 =10? a:i.zsxlé',‘:J 013101€2-j0.1311 €4 lg=3 755 0.3406 €3+ 01177 €4

Us'mg 20 subsections and Hallen Computer Proaram

(Continued )
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8-7 (Cont’d)

0.004

0.0035

0.003

o
S
]
Ln

0.002

Magnitude

0.0015

L i
*  —— Radius=0.0025 \(1/d=50) |
__ - Radius= 0.0025 ))

2__:—--— Radius= 1.25e-10 A\)

0.001 b
— st e <!
0.0005 g e ‘xm.m |
00 E=—— .
0
Atenna Length (1= \4)

0.004

0.003

Magnitude
o
S
r2

0.001

0.0

I . I L T T T T T T T T T
— Radius=0.0075 A\(/d =50)
- Radiis=0.015 A 1
—-Radius=3.75-10 A

-03 -0.2 -0.1 0.0 0.1 0.2 03
Atenna Length (1=3x M4)  (ontinued
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(L= a /1) (Prob.

Dipole Antenna
[

8‘7((0“-t’d) Radiation Pattern Of

0 }Pﬁl‘tem is (dertical i

S e
—.—- 1/d=10e9 (a=1.25e-1

1/4 = 60 (2=0.0025)
1/d=25 ( a=0.005

x /4 ) (Prob.

(L=3

Radiation Pattern
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88 HpEWKA <-4 A% ()
Since the field is not a function of @, because of the azimuthal symmetry,
the closervations can be made at any angle & Clnoos‘mj @=T/2 redues &
X and 4 to
X=pPloSg =0

qia T R=|(z2) e qy-yn ™ @-29> )

-—-—.---._

';e 3 aa ! = J’xa“_a;_'_(i-iz):. =ﬁl+(%_e/)g
and (1),

L/ sy
{J sin[k(x+27)] —R—dzf +f sinlht-29] %Rdz'] (3)
20/ o

Usmj Euler’s relation k(Y2 2) _ skYar )
sulk($12)] = : .

2)

reduces (3) %o i
. (»] 5 %
Hg = - eIr:‘ {thh%)J B é,hfn 27 )]d 7 Jthlmj aa [ &R(Ry2” )]43’
s,

J I Y R
vcwz)r’__ e,m+z) . gikb) L ejhr.R -2)
65[ Jd L, aa,[ ]d }
The third term within the brackets (an be written as €22
L —R(R+2)
&t (kL/2) { A3 Tél 5
3 6‘3[ T |
_ kRe/2) - , i keR+20) D /| %
~h (U gk RO S e (6

The two terms Of (6) can be expanded to .
B aioen] = B eiktixny afegs 2+ 2 >J = jkEek (5-0)
d

%(@*%{[X‘-\-Q‘-\-(E—E’)‘] } e Rs (6b)

Thus (6) can be expressed as
‘OIMMJ(”* > [ gikCR+2") Jde/=yé +J(M/z)f”*[ giRcrTE) é)*fﬂ*a')Jd ’

(1 TR
; (7)
Consider vow the differential of
;-k(ki-i )
dl e 1= d[R'(Rez-3)"e st |
=2 -,i-.(mw{ dR" | d(Rtz-2)' . dRe2) :\ ‘ (8)
(R+2-2) R ~IR R(RT#-2) (Continued )
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8-8 (Contd)
Each term of (8) Gan be written as

e P2 oa -
(R+2-32) [R~3(R+z='—-f&)]dE (9)
~2
der+z-2)'_ [ (Rr2z’-2) d(R+2-2)) __ {
R s [ R ] [R*sz’-z)] Clo)
¥ dCR¥27) 7 | oy s ;
el i

Adding (D =Clo) reduce.(®) to
e)“m‘ff ) SikR+BI[_L _ip o
[ R‘(R+ef J [ ) 1] %
Which is an exact differential .
With +he aid of (12), (6) Can be integrated and expressed as

i ~jR(R+27)
e+j(kl/;) [uz_e,_[ e—;kcp-ﬁ’) +jCkl/2) ﬁkd[ e) ]

- ]d*’-‘*‘(j?—-- (R te-w)
. o Ta
h & = ‘k( +Jl/ )
el [ gibift ) oo (13)
Rl(l?\"“w-?"z')
where acmrdin& to Fijure 8.1¢b) for g="/2

R={vgrr - D =g+ -5? (14)

v[ Xyttt = [yreIT

(12)

B 15)
SCEE pa il _2)t=ya
-2 = az. ]
(13) Canbe placed into xhe form of
sokde) (M2 p 1 @R(RYY) S QIR T bz sikCRrHe)
M2 [ ST g S [ %2y
— (+E)Si* ] (16)
In o similar manner, the other terms of (5) canbe written as
L1/ 33
i oithif2) 2+2\ ojRCR2t L)) 0 =ier

(Continued )
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8-8 (Contd)

e—;tkﬂ/&)( > [ejk‘(n*'g)
5100
o ,(M{) ﬂfna R (R~ L2 4
e 7 [(I )e’ ) Cl+ %)e—,br] (IGL)
_e*][hlfa.) g”’«i e_,!k(R o )J A
(M/:- = R :
where FomEn 7 ,
I f“:)"=f@‘+(e+ &)
Using (16)-cléc) reduces (5) to (6d)
H =~ Jo .5 e o) .
o }[e’mw’”’“—zms(@%)é’*’j (7)
Es fesiiaels a‘élt'ﬁ] “%an; Ak i
I joe VXH = Joe 19 Lp B ~ 52 +8p[57 - 5 ]+ e 5 leHe)- }
which reduces in the yz plane (x=0) to (18)
L -1s
e E& Job B B ()
Ez = Jwe #BF(QH;J)-‘- JE Y 'BEQ-’HI‘) (20)

Since =3 Thus

B jor 5] ax g[S 2 ascthei] |

¢ Nk 5) kR
AL [ ) S0 L o) TR aos(l) ]

—J 41\'&
E o= _:_'l_‘ _l__a__{_ _—2— }bR‘ "j’hna_ 5N
2= juwe 497 amj LE R ~2c08 (%) eJkPJ }
R "(Io e‘j'hk' e“j'kR:.. ~1Rr
b [ T+ S — —2es(#) £ :] (%)
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8-9  Rim=Rr=60{C+ Wchkt) ~C:kL) + L Sincks) [S:2h9) - 28iCht) |
+ 3 coscka) [ C +8n (R/2) + Ci(akl) —2Ci kD ] ¢

Xim = 30{ 2S: (k) + @S (k) [2G:(ke) — Si(2ke)]
~ sinck)[2 Ci k) ~C Gakl) ~ Ci (262) ] }
where C =0.5772 3
G (2ka%) < 0577+ In (%%‘)"C;n(%“—l-) according. £o  (4=67)
Rin = Rim/(sirtht))  Xin = Xim/ (Sin¥hkl/2))
a. =24 . ki=m/2, 2kQ=T, 2ka¥/ = Vo= 012566 , kl2=TA
Ci(kl) = 0.27 On (k8/2) = —0.24]56

Ci(zht)=0.074 In(kl) =0.4558
Si(ke)=1-37 Ci (2ha¥/L) = 0.577+ In (0.2566 ) =0.577-2.074/

Si (akl) = 1851 B = el
Subsﬁtufind. these numbers into the previous equations leads *o

Rim ©6.844 , Rin =2(6.844)=13.688

Xim =10.700 , Xin =2 (10.710)=2l.420
b. l= N, : kl=Tr, 24l=2TW, 2ka¥l="/16 = 0.06283, Rl/2 = A
Ci (&)= 0.07367 dn (kL/2) = 0.45|58
CiC2kl) = ~0.02256 nC kL) = 1144729
Si(#l) =|.85) Ci(2ka¥L) = 6.577 +1In (0.06283) ~ 0.577-2.7672
These ajelc{ Rim ~73.123, R =73.123 [aR=2.098

Xim 242,546, Xin =42.546
c Q= 3Ma: kl=30/2, 2kl =3, 2ka¥/A= 0.04188, kl/2=3T/4

Ci (k) = -0.178 InChkl/2) = 0.857

C: C2kl) = 00107l In () = I-5502

S: (kL) =1.6000 Ci(2kaY/N) = 0.577+In (0.04188) = 0.577-3.1729
Si(2kL)=)-6746 k352806

These yields Rim =185.274, Rin=370.548
Xim ¢ 161.689 , Xin=323.378

d. L= : Al=zm, 2kl=21, 2ka*/A=0.031415, ki/2=T

C: ChD) = -0.02256 In( kE/2) = 1144729
Ci (2kt)=-6.00 6|2 On (ki) = (.837877
Si(4l)=[-4182 &) (’zka“'/)\)z 0.577 + In (0.031415)

Si (2kL) =1. 4925 2= 0.50117-3.4605 = -2. 8837

These gletd  Rim 2199.068 Rin=199.068/p = o0
Xim = 125,403, Xin = 125, 409 /o = o
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8-10. The resonant Jength will be found using & “trial and ervor” method.
A length will be assumed and the Cbrrespondinj reactance will be
found using the equation
Xim = 30 42 S;Cht) + @5CkL) [2Sik) ~ Si(24L) ] -~S"|n(kﬁ)[QQ(ki)—C;(zhl)-Q(J{_a?]

The Iemjfh for which Xim>=0 Wil be the resonant .lenjt\q of the dipole .
. Ditially a £=0.95(052)= 0. 475N was assumed . For this

Al= 2.985, 2kL=5969, 2ka/A| = 6.6B38x104
a= Moo
Si(kl) = 1848 @sckl) = -0.9877
SiC2kt) = 1425  Sinckl)= 01564
Ci(kl) =012 C; (2ka*/N) = Cin (2437/0) +0.5772 +4n (2ka*/A)

Ci(2kl) = ~0.07 T ~0 +0.572 —7.32= - 6.743
These lead 4o Xim =9.657+#0 For the next attempt Aet

L= 0.93 (0.5) =0.465N , For this
Rl=2.9217, 2kl= 58434, 2ka’/A= 675616

—

Sitkl) =|.844 CoS(k{) = —0.9759
Si(2kl) =1-434 Sin(kl) = 0.2/8)
CiCkl) = 0.135 Ci (2kG*/N) = Gin (2ka*/n) +0.5772.+ In (2ka*/A)

C, (k1) =-06.072 220+ 05772 -7.30 = - 67228

Tbe.se fead 1o

Xim=30 {2(1:844) ~0.9759 [2( 1.844) - .434] - 0. 28 [.z(o.lss)moqz~(~s.7223)]]
Xim = =706 20
We will take f=0465A *obe the apprximate resonant length.
b. For J=o0.465A
Rr =60 {0.5772 + 4N (2.9217) ~0.35+ 2 Co0.2181) [1.434 -2 (1.844)]
+2 (-0.9759) [0.5772 +4n (1.46085) - 0.092 —2( 0135)] }
Rr= 60 (6.9785) = 56.7) =Rim
Rim o 58.71 =59.42
Sin*(klz)  0987%
d. [=2Buwifc b EhA2 50 =p.086
Rn + Zc 59.42+450

|-IFl 1 -o0086

C_ Rin =
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8-11 Us'mj Fig.BJ'? and Fié 8.18
Q. a=165A = L >0 4787, Rr =Rim=70
b. Q:[oﬂh ='?.0-1'0. 476N, Re =Rim=67.5

C  0=10% 91~ 0470n, Rr=R;y =64

B e st S B4 s ResRig 5 270

More accurate expressions can be obtained US‘H‘I& equations (8-60)
by trial and evror, and (4-70),

8-12. a=1g°N, I=2a
G. From Fijure 4.8 equations (4-93) g c8-60)
Zin= 73+j42.5 for =72
Therefore for L=7 above Sround plane.
Zin = %_(’73+j 42.85) =365 +J‘z|.zs

b. From Table 9.2

P e o Ng ISP A _ 025 Xl0* shgl
L+ta 14 »Ma/ic?n 1+ 035%x10> 26 -7615

1'= 0.24AF’ =0.24 AF” = 0.24-7+(0.96(5) = 0. 2308 A

.. %in =34

3 ) SO Zm =& S4-80_ _16 __0l905
]—1‘“ ZL+ %o ZintZo 34 +50 84

yoWR = 11Tl _ 1 01¥05 4706
|- |Minl  1—01%05
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8-13 a. Rra Side-by-Side armnjemenf, the mutual impedance is obtained

using (8-7/a) - (8-9f ), d='A/

g (8-7la) - (8-7e 7, where (for 4) Com]ouier Reswit
Ci(kd)= Gi("=) =0.472 Sitkd) = Si(Ta) =1-37076 (Rma 40.7851713
Ci (Mi) =Ci (-?-“8“):0‘0334 Si(aui) :'Si C2.“8]T): 1.43 X _2834?05

: =40.7857
Thus R, =30[2c0.492) -0.03334 +0.4534] = 40.92 X21m 4
Xaim = -36[2(1:37076 =1.43 —0.36676] = ~28.3%

S 2834 fo&
b. ﬁtr'a Collinear Grramement , the mutuel mpedance s obtained]
u,slra ( 8-72q6, ) - (6-72f ) where (for‘ S=N4)> h =374

GiCla) = CiCo.lgT)=~0.4534 Si (M) =Si( 0.1187) = 0.366%6 <Rﬁufm

Ci(ave) =C; (3) = 0.0106 sinCkh) = Sin(831/2)=-| , Cosckh) =0
CiCVa) =Ci(n)=0.07367 Si (W) = Si (31) =1.67476 Camrwtcv Reswit .
G (vi) = G5m) = 0.003¢5 Si(Va) = Sy(m) =1.85193  Rad= 204568

In (Vs) = n(75) = ~0.5898 Si (11)'= Si(51) =1:63316 “Rms oo,

Thus  Ram =15¢-1) [2¢(.6 7476 —1-85173 - 1.633961 = 2.0455 ey
Xam = 15¢=1) [2 C6.0]06) ~ 0.07367 —06.003%5 + 0.568781 = - 7.9

8-14. Usina (8—640)
Z= 3 =&+ 2 (3)
which for identical dipoles (Ta=1I41) reduces to
Zid = Zu + Zi2
For S=0.35A we obtain from Fijure. 8.2|
Zlz = -2.5 -)6.0

Since for L=z, 24 =173 +j42.5
Zid = (73-2.5)+)(425-6) = 70.5+36.5

that

§-15. Examfninj the data of Fijure 8.2| and knoa)ina_ that the

Self Impedance of & N2 dipole is Zu T73.+j425, khe driving-
impedance with the smallest reactance will occur when S~ 0-375X
here Xzi &= —38.75. Thus for s~ 0.37T6A

Zid =(73-23) +)(42.5—=38.75) = 5o+ j3.178

and the reactve park  never gets Swmaller than that |
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941 Cog Using (9-120) > Zc = 120 Wn [@t(%)] =300 9 x < (8.76°

b Usmg FI& 3.4 (b) and exi‘mPolatina
First: = Th/a =12 D Lx Fax 03822
Second: = Wla/a 228 2= 2B = 083N

<. USma F{@_SA(Q)
: 25-30 :
m/A=1.2: 2 Rnx253 (M= |25_r33£| 0.846 3 VSWR= :+ggigﬁl2

mla/pn =28: #Rm«-4oo=>||“1-|ﬂ-gc_)-30 |-0¢4-23=>VSNR' H0MK28 + .33

400+ 300 1=0.1428
9. G.. From thure. 9.8¢b) " Erom thure 98 (a) =0.)
La (B, =25)>0.45 A3 di=55 = %2272 1gxiA.  Rin(ba=25, 1=0.450) 54
0 (L/d, =500 0. 45 A3 chi= 2k = Q—iszx TXEA  Rin(Ma=50,4=045M= T4

J;icli/dl—(o‘*)«o43?\$d.-_~.o4?h_4?x|o;\ Rin(Y4=l0% 0=0452)2 74
La(b/42=25) "'0‘157'-:}':;[1..__=075'7\__3m;\ Rin (=25, ,= 0.47A) = 425
La(l/d2=50) 20802 da= La - 0307\_, g Ron(:=50 L=0800) =725

3 =1 )i 2

95 (L/da=10%) 03?u=>d;._tl h,lo 103xi6* Rin (13,00 L= 1030)=21,521.36

b. From Table 9.1

I}
Li(li/d, =25)=0.48AF, 2 R = 1+I/g} 5 ﬁ 2 <9615 3 L (0/4,=25) = 0.46IS A

di= 2= Lot 1£‘|-84sxlc A DRin=67
(4, =50)=0. 4BZ\F| SR= I +{;:'/d 2 g—?—-.o.?aﬂt‘i* 0, (Ai/di =506) = 04TO6A

di = §5= L2 A= pa1x10°A = Rin =67
/\
1\(1110[|=104)-0.48?\F|=}F.‘ li"f}; % ['f'l 4—0???1’:; 1y(hildy =16%) = 0.4795 7
d = & = 047995 5 _ 4.???5“0 A DRin=6T

R EIPN o4
{2 (g, =.25) 096 \Fa2 R = |“$: § =0.9615 2 0a(14/4,225) =0.923 N

Ey
da= 5§ = 038X 3 67 162N, R,._nsolo&m( ) =150 Lagio (25) < 209-69
Rin = RA/6T = (209.69)%/67 = 656.277

a/da = 50 = ,(0a/d2=50) =034 (2
L5 (laf, <50) =096 AF2 FFa= “i/:. - 0.9804 91a(La/d2=50

4= é; Ay isdalz?\_ L8R XG> Rh._|5ﬂlodu(_£) [50105.9(50) 254 8455

Rin = Rn*/617 =(254.8455)/67 = 761.35
(Continued )
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9-2 (Cont’d) sk
Ql(h/da =l0+) =076 AF:.#B."

1+ 17, :‘t%ﬁﬂ.‘t‘??‘? 2 f2(L/d =10
a= = 2= g 5v9 x5 A T e
R = 150 feg 5 (42) =150 Qaam(m‘r) = 600
Rin = Rn*/6n = (600)*/s7 = 5,373.3
9-3. From Tobled.2 3F'= 220

l iR M) = 100 _ 539
Y4=50 |+ 208/d) 4= 501-1-(00

Rn = 75 ﬂoam('?/a) ’ =75 ﬂogw(wob ) = T54og,,(100) =150
Yd =50 =50
G. 1 gt Resonance: 4(=0.24F'=0.235292, di=4.7x10 37‘= Rin =34
b. 2 vd Resonance: £2=0.48F'= 0.4 , da=T.4AUTXIG3A , Rin=0150) Y34 = €61.7¢
C. 3 rd Resonance: 03=0.72F = 0.To6A, dz = (4176 X3, Rin=48
d. 4 th Resonance : {4=0.96F'=0.¥4IlT6, dg=18.823x10°A, Rin=(150)7/48

_=46875
9-4. a. =24 (from (3-15))

: B88.4 427550 | _
2/d =253 Zn=884+j275 2| = 884:}l?b+50| 0.3347
VSWR= 1+0.3347 _, 00€

| —0.3347
L/d 505?21n=85.8+‘154-3::>lm '

| +%a

~[85.8+]547-59

l =0.44T74
85-8 + ) 54.9+50
VSWR = 104474 - 5 < (9

(<0-4474

Ud =10* 3 zjn= 73+j425 =>1T1=

73+j425-50
73 +j425 t+50
= 440318 521 ja)
2 e

b. #=A [From Fiqures 9.8(a) and 9.8(b)]

1255 ~50
Ud=252Zin=1807255> IFl= 180-j255 ~50

= 98 \=o.8335
Ieo—jzsbi-so
VSWR = It 08335 _ | 512

=0.37/3

FEGRIB8 1'% = ghy siio Gl
1/d= 50 3 Zin =280 -j4lo 3 M= lzso——jjzmal = 0.8732
YSWR= L+0.8932

| —0.8932 sl

31d =10% = Z;n = (5.0487 +]3.1804) xlo% [uS‘mj Eqs. 4-70,4-73, 8-tob, 8—6:6]
IM21 = VSWR= [Tl =e0

(Continued )
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9-1, CGnt’d)
c.. =3AM2 ffmm Equa‘hon (?- 15))

Ug=25 > Z;p=106.8+j49 M = I::S gil‘i%éz =0.3634
VSWR= I+ 0-3634
|- 03634

Ud =50 3 2= (03.3+j9.2 3 Ir| =|1233+)9.2 50 \ =0.3522
103-3 +;9.2+50

VSWR= 1t 0-3522 = 2.087

= 2.1417

105.49+)45.54 -50 z: 0.443

Ud=10* =2 Zin =105.45 +]455 rl=
; T 4%| I l05.4.?+j45.5‘4+50

VSWR = ______H°4‘;3 = 2.591
|-— =

35 Us‘mj Table 9.3
G. Qe= 0.25a = 0.25(Mio) = 0.025 A
b. Ge=05%a =0.59(Mip)=0.05% X
c. bla=00IAfo.IN) = Vio=0.1D0e=0.28750= 0.2875(0.1) = 0.02875
d. Qe =0.50a+b)=0.5( Mo+ M20)<0.0T5 A\
¢ Use Table 3.3 6r (9-224)

=+as = {1-466 x16% (0.8) = 0-1083 (m :
36 From (9-19) 2 Zo =120 cosh ( $£2) = (20 {n [Sat W}

0. 5=6.13x163A,d:lo‘3h,a=o.sx|o3)\.
Zo = |20 fn (3:065 + {(3.065) > (0-5)* ) = |20 ﬂn(&06§;3‘0230):2??'?5
0.5 .

b, S=2I3xI0°A,d= (63X, A=05x153A :
Z, <120 {0 [1965 % VUO.65)*_(05)* ] =1204n (1265 1 (063827 ) =450.136
0-5 &3

C. S=7T742x162A, 3-10‘52\, a= 0-5X103A
tzonn(??l*m) (20 fn (32 + 37.0966) = 549 784
9. From Table N
InGe = (S 5. ) [S| Ina, + S tnQa +28,S, QnSJ
If both conductors are circular = §,=2wa., S,=2TA2 - Thus

(Eim [a*Ln0, + 0% 102 +20,02 LnS ]

Expanding the denominator and diuidinj numenator & denominator
by Q* reduces to

1?1 Qe

CGontinued )
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9-7 ((ontd)

4 3 2
InQe = W [Qnan*(%-,)lln 0.+ 2(32) n 5]

De{mmﬁ M=02/a;, V= S/a;, we an write that

Inte= S [ana+urtncuan +2u bnwan ]

2—-_1+;u+u2[ﬂ“at carinid +urdna +2udn v+ 24:dna, 1

[(uitng, +2 Dnd, +EnG,) +An U +24 ]

L4 (H-M)"
(l+mth + urdnat2ulnv]

Aw

1
(t+,u)2-[
InGe = tn(a) t —— ﬂw,l [uzlou + 240 v
I8 5= s7x10"5m f=1GHz > A= 3-%2 =0.3m
0= N200, S= A/bBo
0. =yas = 1’ Eatel ’ e B =3
50@00) 6,000 = 160 3X10%m

QA= N/200 = 1.5x103m
Ge/a = (7\/'05-)/(?\-/.1130) —

Rhf ._ /Jrr(to?)(aumo'.?)
-ld" Q'ITCL 2. (59x107)

= ‘2: lo*4m2  _ 100 2u (o), R
&)Y 6ax107 AT V&7 o Z

Rihe =80 22 £ ¢ 72 =0.0662

hf = 22 X10%= 6.6227 X10 s
Rif (Single) = 0.06627 ohms

Rhg Cdouble) = 5 Rn¢ (Single) = 0.03313 chms
R ceﬁecnue):-iikhfcsinjle) =0.03313 ohms

€ Cor Rf’: 5 Re= =(73) =365
€cd (Single) = 36.5 X106 = 99. 82 %

36.5 +0.06627
e(d CdOU.blE) = 365 X oo - qqcio(i 7°
36.5 + 0.03313

Ocq (effective) = 365 x100 = 33,907 7,
36.5 +0,033|3
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9"9 Usinj (9-18) with U= A2 (4=2/4), we haye that
Ze =] Ztan (T §) =jztan(L) < 0
Thus (9-24) reduces to

Zin = _“L_Z_L_;-‘_d_’ . . Y T
o dr e T e

9‘10 d=103A,S=6.13x103A
Q. From the Solution of Prob 3.6(a) 3 Z;= 29995 = 300
Usinj Ffjure 9.15 9 L2 0.325A © ZFiy =Rint+j Xin=1,"700
b. jri= I{%’H! =0.7 > VSWR = %i_%:% =5.667
9-11. 4 =500, S=EIBXIG3A > SL=3.065x163A
a. Usihj Table 9.1

- 500 - =
a = =% 2048729 =0.481(0.978) =0.47% A
{=0.48FA 048 A~ m 4820 0.758)

& = 5 e
b. 1/d=800=d =g < gg_%r_?\_m?sex,oshi a= 0.479 X163 A

C. Using (949 Z, =120n [ S’HQVCSA)*—&*J =;zonn[s.ossttaossmamj
Z, = 120 In (3.065 +3.02’?) =305.1 0.41%
SR 02 :

; 4
d. Usmj (9-18) with L =0.473 A
2t = j Zotan(ed)| = J(30s10) tun (3T 0.23950) = j4,61893
£=047A

e, USinj (9-24)  Zin = 4 7 Zd
: 2Z4 t+ Z¢
Z4d =Rd +jXd where according o (4-70, 8-60,8-61)

Rr= 60 { C+incky)-C;i (el )+ Sinckt) [ Si(2k0)~2 Si Cet) |
+3 sk [ C +n(RY) +Ciakt) -2C; (k)1 Y
Xm = 30 {2 Sickh) + CoS(k) [2 SiClt)-Sx (2ket)]
_ sinckt)[[2 Cichet) ~Ci(2kD) ~Ci (2RAZ) 1}

—iee s i d = Lm
C= 0812, Ra=gngry » %4 = Swackin)
1. Q= 0479103, £=0.479 N

kL=301, 2kl=6.0929=6.02, klA=|5048
24ka%/L =6.019 x1076

Cin00) = In(yx) -Cix) = Wl k)~ Cix) = 0.5972+ In X - C; (x)
Cin (6.019x10°)= 0 = 0.5772 +n (6.019x10°) - C: (6.0l 9 x16%)

(Continued )
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9-11 (Cont’d)

C; (2ka*2)=Ci (6.013 x156) = 0.5772 ~12.0205 = = 11.443
Ci(4l)=Ci(3.01)=0.lI5 r Intkt) =In¢3.01)=1(.102
S Ckel) = S:(3.01) = 1.84% o In(L) < In(1-505) = 0.40%

Ci(2k) = Ci(6.01) =-0.068 Appendix T  sipck)= Sin(3.ol) = 0.132
Si(2kl) = Si(6.01%) = |.424 CoS(k1)=CoS (3.01)= =0.97]

Rr=60 {0.5772+ 1.102-0.115 + 0132 [1.424-2¢1.849)] ~ %I [0.5772 +0. 407

T ~0.068 —2.(0.U5)] } =60 (1.073) = 64.380
m=30{201-849)-0371[2((.84%) ~1-424] - 0.132.[ 2 (0-115)=C=0.068) = (- u-443)]}

X = 30(=0.1058 )= -3.176

Zq =Ry +jXq = $4-380-3176 _ 004. (6 %
. = 4.38-131'T6)=64.6375~|3.
sin?(|. | 3.188%
Using (3-24) in?(1.5048) )
D ARZd _ A (4,618.93)(64.6375-)3.1887 :
Zin= d = ) 6375-) ) = 257.08-)5-472

274+ Zc  2(64.6375-]3.1887) 14,6813

2.  Ge= V&S = J6.I3XIG3A(0-4TTx103A) =1-TI4X (631, L=047%A
Using the equivalent radius Qe GS the radius o
2k03/ = 2 () (L4 x1532)Y/ (0.47¢A) = TTOTXLO %
Cin () >0 =0.5772 + In (7.7071x10°) = Ci (7.707X 16:5) ; SE = TT04EN0

C; (2RGE/L) = C.(T707x16°) +0-5T12 == 8.8136

Xm= T7.0155, Rr=64.380

Z4= 1.004 (64.380+)7.0155) = 64.6375+) T- 04356

Zig=AftE, = ACA,618.33)(64 6375 +)7-04356) _ o) 594 26,665
224+ Zt  2(64.6375+] 7.04356)+ 4,618.3

3. Using G=5/2=3.065XI03A, L= 04792
20k /L= 2 (3.065x163 A ) (FT) F(0.413M) = 3.4@15}:134 :
Cin (2.4645X15%) =0 =In (24645 x164) ~Ci (2.4645X 164) +0.5T772

-7473!

G (2kaL) =Ci(2.4645x164) = 0.5 2 + dn(2.4645 x16%)=

Xm=1l.6 , Rr=64.380
Zd = |.004 (64.380+)11-6) =64.6375+) l|.6464

_ AZEd _ A(4,618.93)(64 6375+) 116464 )
Zin = - 4 =251.556 +)43.76

2Zd+ Tt 2(64.63T51) 11.6464) + 4,618 93
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32z Zin = 315.14 £ 13.829°
=306.005 +) 75.326

=4
0 ey = 3IWBXI03L13.829°
i B L3 Satd BX0 13,829

Yin = 3.081 x153~] 0.T88 X10°= (3 081 = 0.758) X163
Yin = G +jBin , G = 3.08x(63

Bin = -0.758 x16°3 t
<<l

&——-——lEBI" L

D BL:‘B‘M :0-‘7\58)('0‘3

Capaciter

b. BiL=0m58x163=wC.=27{C, o

- 0.768 X163 ‘

2T (loxlod) 2. F Yin )
£ an/\ = 3.08|x(03=YXinT YL
1 i :
W n e = 0.824 57T X10 = 334 .°5']

s
Zid=32457 (ZiW=RA)

= = En — Zo = 324.57-300
"o Emt 324.57 + 300
- 24.57 - 003934
Tin 624.517 .
VSWR= A+IMn| = 1+0.03734
1-1ml 1 -0.03934

- 4.03934 - 1.082
Loy 0.36066

= =300
G435 12 B A =08 = et L 13T deco HRelID_aga it
T :4(1733-‘}42.5)22?2” C YinT Zin T 2924510 202170 14, (64
Yin= 2. 5577X153] 1-48TX10 3= (2.5577] 1-48P) XI5 =Gin-j Bin

L o s A L AERRIE S (i
Bin = WCz2rfCin = Bin QC.n—E#‘--—m_ Tlo8) = 2370x10 f

Cin= 2370x16°f = 2.37 pf

(Continued )
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9-13 (Cont’d)
b. Gin=25577x163

Rin= &= Sm = 0.3%076X16%= 390.976
e oG - B o
VEWR = 1+ 1IGnl = I +06.13166
| = |Fin| | - 0.13166
914 a= 1637, S=4x153 N, Zc =300
O Zin = A(T3 +342.5) =292+)(70 = Rin +j Xin
Kem X = 0 = K I Con= 53T = BHE KT = SR GAID)
Con= 9.362 X15%x16 8= 362 x(8"*f = 7362 pf
Cin =C/2 2 C=2Cin
C =2(9.362) pf = (8.724 pf

=1.303

b. [f,= Rn-Zc _ 292800 - 8 _ o035
Rin + Zc 292 +300 592
VSWR = 1+10n| _ 140.0135 _ | 4.0y
[~ | inl | —0.0(35

BHD L= 0T e G0 6 S AR
= jzc.tan(k%)[gq_m?\

Zo = 120 Cosh'(S/2) = |20 Gsh'( 2925
g _l(“-) : O‘Sh(zxo,oos)
=120 COS"\ (258) =120 (1566'0 =188.0(¢
Zs 2= |88

Ze =188 ton [ 23\[ o.g:'??\] =) (88 tan(o.4Tm)
=188 (10-57%) = | 1,788.83

0. Determine the: A7 ; e
(i), input impedance: Zin= E2d o 4() 176883 NTIH)I3)
; 2Z4 +Zy 2(fr?+j|3)+jl,?88.83

Fnidtifenasy= T8 o o 80,06 £7.345°
158 +] 261,988 83 =) 4LTB 83 oo e s

=34 (1708.83) B065RIAE
2,021. 6|55 £85.5(6
Zin= 315.14 £13.829° =306.005 +j 75.326

(Continued )
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9-15 (Cont'd)
(i) Zw=306.006+] T5.326
Zd =TT +) 13

Q\ ; % :
s BOO0S L RT3 Nin _ 7583 L wignd
Rdin g% Xdin 13
& g ;:n ~Zc _ 306.005+)75.326 300 _ §.005 +j75.326
n + 2 306.005 +;75 G
c 3 05 175.326 +300  €p6.005 +)75.326
= 75.366485.44°
€lo. 668 £.7.086°
“_'Inl = 01234

= 01234 L8357 = 0.0249+) 0.1208

1+0.1234.

V)  [mput VSWR : VSWR= = 5383
) e s G 1-0. 1234 L
b. (i) Zin= 306.005+) 75.326 :
4 G e 55
Zin= Zin tZ.= 35.)6-005 :L‘—* 1e0uTA
ZL: RL+jXL= "J'?532€ CL
i o)
) =75.328 = e =& anfc ]

Clei o wand
2rfIXel 2w ciox168)(75.326)

C=211.288 X(6'* = 3|].288 PF

=.C_'-1— Cu -

C = 2(211.288x10%) , C=422.576 pF

() Zin = 306.005
= Zin~Zo - 306.005-300 - €005 =p.009707 = 0.0L
Zint%  306.005 +300 606.005

w2664
_ 1+ 4 soal 2 1.61
) VSWR = = =
W TPl 0Ty o

VSR = 1.02
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916, 9= MaF Zin=Zs =2Zm = 73+)425

5 1 Us‘mj A-32) 9 Zs = s ::.M =|46+,85
CoS*(kAl)  (pgac2m 3) )
N~ 8

. 3 m(2/=%) = [=—= Ve o e L
b. USmj (4-T > Zin(Z =%) [IrnCZE%]]zm ‘[IoS'm]}k(é-_%f)] ]gm
Z;n(z& g—) = Zm s £ 1'46+j85' Q=X , =%

917 N=2,Ri=e, Z=50 TR
Using (3=3D% & =2(1- Z6n) <0375 6n= 12763 radians (73.126°)
SeCOm = Sec (73./26°) =3 45
Using (1-45)=) Ta(secom) = 2 (Secm)>*={ = 2(3 445)11=22.736

From (§-44) =20, =|Z-2 —1 \__ (160-50)
em ZL+Z  La(Secom)|” (loo+50) 22736
The moximum VSWR is

_ l+fm _ 14001466 _
BSWR = THie 1-0-0146“6—I02?8

The cosfficient of (9-37) Gan be written as

[a(f)= 0o+ AT 4 02 €14 = GPOL (pi®4p,€1%) +p]

whose majn'rtude, for Po=fa, reduces ts [ when Squated Lo (3-43)2 3-44))
e;“(ﬂ o (8“ 0326 +f1 /2) = QNT,_(Sngm(pse) =€m[8ec‘6m 518 + (Sec*0m=)) )

ll-‘-tﬁ'-GM-étS

by usinj (3-45). Equadiruj similar terms
= [Qo = %_'—" sec*fm = Mg:@S_(s.Ms)‘: 0.087 ?
0, = Om(sec*bn-1) <0.01466 [ (3-445)*-11 =0 153

Z = (:tgo)az(w)so '::5??3 ;

Po | - 0.087
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8.

N=3, R.=100, Zs=50

Q. en_'ﬁl Ri~Z NI

RutZe (N-n)!nl

=ty ‘!-_1— = 1 ©

n=o: ?o" 23 i55_°0_6 S 5—4 = §|+Zz. F =435
= 1

n=1: p, = - 60 3! _ngi ¥ o2 = 4088

2% Gparir T8 R,
\

h=2: = = = ke
2: 02 13‘-55%-% -é’:%‘)f; 87.84

i |
T 250 i3t T 24

For a fractional bandwidih of 0.375, the maximum allowable reflection

Coefficient s equal to

=
1
w
g
i
v
o
w
i

N

af =N ~ 3
g =037 =2 70 b )Ry T2 F0S [ 5o, ]

Pm = 0. 00818
and the VSWR is ecluql +o

VSWR= +0m _ ——""°°°815 = Lol64
I =Pm | —0.008l5

b. é% =0‘37‘5:2(l__%&m)=)6m=1.2’?63 rodians (73.126°)

Secbm = Sec (73.126°) = 3. 445
Fr o 3-Section transformer (N=3), using (9-45)
Ta(sec Bm) =4 (secem)®-3 Sec@m = 4(3 445)>- 3(3.445) < (53,2
Using (3~44) pp=|Z=Z 1 = fia=Sp. 2 3
- e Z+ 2 Ty(sechm) 160 + 50 'Tsc.se-cem)\— ol
VSWR = _Q_ L +0.002)76 =3.00
'~ 1 =6.002176 WS

The coefficient of (9-37) can be written as
[in(f)=p tp € "}'e-kf’_.,_ ar4e 0 &8 = e)SB(e e)® +(>e-’B+ E*e)a*e e}SB)

which for f>=f3 and pi=. reduces to
) = 2678 (o Cos38+p1 Co56)
Whose majhi’cucle s qual to
O ($) = | Tinf) | = 2C Po Cos 36 +Li c0S6)
Wwhen e:tuated ko CS-43), us‘mﬂ (9-44), We @n write that

(Continued )
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9-18. (Contd)
205 oS30 +01 (0568) = Pm T3 (SecOdm* (256)
2Ab©S36 +0: (658 ) =Pm [ e3P S 38 + 3(56c3am ~5ecm ) @56 ]
E‘llml:ina like terms : Sec3em i
20, (0536 = Pm S€C’bm 0338 = Po=fm 2000217 —o—= 0.04448
20 s h = 3Pm (Sec:g(-)m Secgm)(ogg %PI =0 sec é:"‘SE‘Cem & 45 AR
Thus 0 =fs =0.04448

Gi=pa=o0.1222

=0.04448= £ =% _ Ei- =,~:z = 54.655
Z| +z° ZI

h=0.1222= £2-2, - Z,—54.655 = Z,= 69872
€2+%  Z,454.655

la=0j222= B —% _ T3 -61872 Z3=8%.326
Z3 +Z2 3 161.872
919 2o=300,a= %A ,N=3

a. From Table 3.1 5
> 1/2a g 057\{24‘“5‘31‘) e 0.25Xx 10 - .359__' 0-??60

T i+ 28 |4+ 0-52/caxiodA) | +0.25x103

0/=0.4ABAF 20.9960N.(0.48) = 0-4T8| A
Rin 2267 ohms =RL

Pn=2" R.~2% Cht z3 67-300 iy —-é-(-g_eg,q‘eg)(‘““:—o.O'??Qé g

RL+'Zn 6?"‘3
S L
"*cm: s AR RPN
=0: (3=3' =1 p,=-007936-1 =-0.07936 = Z1~Zo
nea: Cogaw ™ L Rt Zi+ 2
_ﬂ_: ____1—~o.o'7936 = =255.88
= Zo —— sm(no.owae) 300(0.85295)

n=t1: CP _;'J_Ti'l“\3 2 @i =-0.07936 (3)= -0.238]| = Z- 2,

-- —
Z2 Zl ‘ 58&‘(| +0 238 )—255'83(0-&54) =157
B 3! =-0.079 = ~0.238 —L——"
n=3: C T'ET'S")Q"'_ 0.07936 Csz) Io 38l = Z3 + 22
£3= Zz'Jl—%"_ = \5?-45(l(+o-2381 Lo b i

Z.—-Z3
n=3: C3= 0,3,4463-—00'?936 4= "001538 = Z FE

= 7, AE0 = 9590 (12007936 \ = 94.90 (0.85295) = 82.65
=23 (|+oo7936)
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320, T | = 0. 4665

input ref coeff mag

0.9

o
o2]

o
-.\J

o
o))

2,
o

o
~

o
w

o
()

0:1

Rin=5%9.96
b) Z4= 70.84L2
25 EH s

£) e P9-20.

- _ideal

- 0 Tschebyscheft

A=

0 0.2 0.4 0.6 0.8 1 %2 1.4 1.6 1.8 2

normalized frequency (1/f0)
Fig P9-20
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9‘2] §= ISMHz = A= 300x10 =20m = 2000 cw

15x10€ :
d=19XIG3A = 38em = =095 XIG3A =1.9cm
d's 6.35 x|0%A=1.270m F A'= 315 XIGHA = 06.635 cm
S = 762x(63A=(5.240m
L'/r = 0.285N=57@m , Zq:-?.‘S-Ja?.S

Q. M=0/o’ = 1.9/0,635 = 2372l
V=Sl =15.24[0.635 = =24,
ol = - 20nd) & In(24)
v -ad nq) ~An(2.9720)

(ta)*= (1+1.5264) = 6.3827
L -l stata’dy A .. & 15.2¢ e
Zo' =60 ash? (B28 =2 ) _27“"510(4-3_&;')‘2%%3“’ _-—-—l‘?(D.635):[ 215253

24 A

=|.5264

7, = 2, fantk &) =5315.2530 3 (0.28579] =] 5706368

Zin= ot Cyleat Y2 g T3 2()‘5’,?.06385)(6-582’7)(25‘_315):155._&?6460‘8?“
2Zx + (e *Za  2(j57.06385) +6-3827(25-j25)

Zin = Rin ¥y Xin = 75.5085 2 135. 629

1 ooy Al =78.23 16" f
b Xin= 2NF Con M= 20X in = 21 (15X 104)(135.627)

C. C=2Cy=2(78.231x5"™) =156.462 XI6™*f = [56.462 p§

9=27 Accordinj to the de&igh Procec{ure. of Section5.4..4

| ;
Zi=Greyr o oz, = Br gy, = 7 =qut b

Yin=Yatdg= Gersbd +Ggt] bg)=(ga+ 5j)+5(b,.+l>3)

.C§a+93) =) ba+bq) ~(92+93) =] (bathy)
(9a+ 99 —-j(bm-l)j) (fjJ-*jj)l*CbﬁEj)"
Zin="in +jX.'n D Zin=2ZinZo=(rint)Xin) Z, = Rin +) Xin

Rin= YinZ = Gl s
(92+99) *+( |:>:.+bj)2'

A el i
Zm“éin _(ﬂz‘fﬂa)"‘j(bz‘fbj)

Xt‘n =Xin Zo = (bz+b3) Zo
(42+99* +Chatbg) *

(Continued)
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%cogt%l) To fund the Length £72 which will perform the gamma malch,
we Solve Rin for by. Thus
(92+99) %o = Rin L(ga+gq) "+ (batbgd*]
Rin (bnbj)‘-_—. (4t §9)Zo = Rin (3;1-53)’“
(ba+bg)*= [9g+9a) Zo= Rin(§a+gq)2]/Rin

l);t‘l‘bj =% (_ja.t‘jj)fo — Rin(92+99)*
Rin
b = _b,i/(gngg)z, — Rin(9atq)*

Rin

For Problem9.22 , Za=(14+j3), Rin=30 and

G=0.9525/2 = 0.AT625Cm y U=o/a’ = 0.47625/(0.1026 ) =4.6418
0.'=0.2052/2 =0.1026 Cm }#*U =S/a’ = |. 5316/(6-1626) = 4.72T87

S= 15316 Own o byv & 4{"((4-.?2‘78'7) =2.314156
InV-AnU  In(14 32787) -An (4 648)
ZS_JZotun('ki )-_-?Zj"‘ )mn{k""-)'-'-?bj _l_— J@tckl) 33 °
Cl+o)*=( 1+ 2.31415) =!0-?836 o
1.5316 = 232.02

- B
Zo =276 ﬂoa,o( ) 276 Q°al° ( 0.47625 (0.(026)

Z,= g: (I+G¢é Zﬂ/& - 10?8-36('4'\']3)/2
7 232.02

< s, 1 :
e 0-3389Z12.09+ = 2:884~)0.618 =9ayba D 222884, ha=-0.6(8

by = -cot (¢ &)=-b, % 3z+33>z?o — Rin(92+Gq)*

b3 = ~Cot(hL)= - (~0.618) + /a. 384 (232.02) —50(2.884)*_ 4 g(g + 2.25
50

<0.338%74201°=0.331 +j0.07/

Usmj the minus (—)Stﬂh (ba:fbj =-2.25)

ok (R L) = 1.632 3 tan(k L)) =1/ 1632 =0. 627 3 &L
Vo = Naw-kan'(0.6127) = £ (0.5497) = 0.0875 N
42+ 99)° +cbz+bj)* (2.884) % (-2.25)
C= t/(avfXin) = 1/(3MX[45-4X10°x 3¢-01 ) =28.0¢ x15'*Ff
ion 9.4.4, the Smth Chart Solution

= tan'(9-:6127)

Therefore

Using the procedure of Sect
verifies the answers ¢f the analytiad method .
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g3 Using the procedure Of the solution of Problem 9.22
Z2= 0.33| "_)0 07| :>az = o =2 OB AN 090 =D 394_+J 0.6I8 = ja.‘i‘) b,z_
Therefore 9. =2884, bl = 0.618
also J9=0, bﬁ = -Cot (k%-_f)

In addition :
bj = —ot(k¥) = -ba 225 =-0.6l8 1225

C‘huosinj the mnus Sljn (bj tby)= -2.285
CokCh j’zf) = 2.868 > tan (k%—’) = 1/.2.86'8 =0.3487 2 k%{: tayf‘(g.g,;gry)
L= % tan'(6.3487) = f‘ﬁ (0.3355) =0.0534

=z

Tht:'refo re

—

(bl‘f‘b&) Zo s B (=2.25) (232.02) :3?0[ = _.lT-
s - 21§ C

T gy (barbg)2 (288474 (225)°

Ci¥ St = =
2T€ Xin 2 ((45.4 x(0)(39.0])
Us‘mﬂ the procedure of Section 9.4.4 , the smith Chart stlution verifies

the aswers of the above analyticad method .

924 Za= 344517, Rin=5D
d’=d =0.9525 om DQ'=a =0.9525/2 = 0.47880m

S=3.149% tm 2> S/2=3.1496/2 = (5748 m

Zo=120-In [sz +|f(w] (200 [ 1 5‘143:—{5;&48)* (0.47625) %] =223.85

=28.06x10

= O/l =
U=S/q! = I-5'T48/0‘47625= 3.3067

xa v _An(3.3067) e
= i S 2
Iny =AU In(3.306%) -AnG) 12 (H)*= (+)*=4

%z—-(|+oo‘-za_—.4(iﬁ4_'z) 76,026 £26.565° S 2,= L2 < 76028 £24.54¢

> 223, 81"
22 = 0.3376 £26.565° D Y= 3%' : m

Therefore ga=26335, ba=-1317
zj -J'Zo tum(hﬂ ) v_}za—— 23 -‘)J;un{kl):béa —JCﬂi‘ (& ;_) 33+J b3
gz
Thus  §,=0, by=-cok(RY)
Using the equationsderived W the first park of the solution of
Problew 9.22, we haye that

(Continued )

= 26335 1:317 < §ajba
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9-24 (Contd)
bg = ~ba i/ §2+a)20 "Rin(garg4)*
d Rin
= ~(- L3+ fz.GSSS)LJ 23.85)-50(2.6336)"
r 50
bg =~ Cot (% %) = 1.3+ 2.2034
Choos'm(j the minys sisn L‘(b2+b3) = -2.20341

Cok (A ¥)=0.8864 > tan(k L) = 1/0.8864 =1.128 = kL =tan'(1.128)

L e L B = 0. 1346 A
5= & tan' (1.128) = £ (0.8455)= 01346

1
(bz+bg) =i LS (-2.2034)(223.85) = 41.834 = ZTFe

(9a+Gg)*+ Cbathg)*  (2:6335)%+ (-2 10344{1
=26.165X10 T

1 e
G = 21§ Xin = 21 (146.4 X108) 41-834
usinj the procedure of Section 9.4.4, the smith Chart solution
Verifles the answers of the above onalytical method

3-25. a. Z,=73+)425
BT
Za/z =36:54j21.25 ¢
= (1+a)2 2 = T3+)42:9 )= 142.%
2d = (et Zafz = 4 (BXI22 ) =273+ )

Zg= B fan( k) =j2otan(F 2 )= jZotan(F) =00

Zin = Zd = 2(73)42.5) =146 +)85

i o0
1 i ¥
(.= 2“f B it o2 .2‘['[‘(4_25;(106)685) =4<406Xl0l1
c =4.40¢ ”6"1 =4.406 PF &« Ny e Ny >
C.ifa Bin —Sa o i 78 £00 = 0 l__J
Zin t+ Ze 146 + 78

vewR = Tl — 14063036 _ | any

S i | —6.3036
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9‘26 Za2= CH'D()‘T'ZQ &, 3"‘_6’7__ T
Q. Zg-—j%ntun(kﬂ ) =) Zo kan (T 2T 0.17) =) 2 tan (36°) =) 250 € 0-7265)
Zq = j181-6356

Zin= B E U JBIESBERSOES ) i
Zg +€2 3015+ 181.6356 2 155, 583/ 58.934

Ziv = |55.583 £58.934° = 80.285 +j133. 268

1t
b. Xc: anc = [33__268
C= 2'[]'(133{-268) 2x(08 = 3?8)([04)(108 3?80Xl0|2furqd3

C = 3.980x16 " farads =3 38 pf

(+et) 1
2]
Qo) » 4
9-27 q.From the solution of Problem 9.22
Y _6.0875A, tan (k&) =0612]

Zo = 232.02, Za= [4+]3, (1to) *+=10.9836, =
Using (3-18)= Z¢ = 2o ran(ky) =)232.02(0.6127) =] 142158
Using (9-49)= Zin= 22 (1+d)*Za - 2 (j142.158)(10.9836)((44)3)
22t +(1+o)2 Zq QCJ[42'158)+(0?336({4+J3)
Zih=l00+j7'7-9865

~ 14.036x10f DC=2Cin=28.072x0"f

Cm = 2MEXin = 2mU4E.4%105)(773865 )

b. From the solution of Preblem 9.23
Zo=232.02, Za=l4-j3, (140 *<(0.%836, L=00534n, tan(kE)= 03487
Using (9-18) = B =] Zkan (k) =] 232.02(0-3487) =j80-905%

249) D Zin = 2Zk(1+)*Za _ 2(;80.9054) (10.9836)(14-)3)

27t + (+o)* Za -1(,)80.94154) + 16.9836 (14—53)

USunj(S

Zin=100.02 +)78.002

1 & 1 = O3X|‘E{lf‘
Cin 3 2Tf Xin ~ 2T (145.4 X10X78.002) b

C=2C0im= 28.06 XI6"f = 2806 pF
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978. By Compqrinﬂ (9-49) With (9-54), it is gparent that the Second term
of (9-54) is equalto One-half of (9-49) Therefore the |engtisof
the T-matdh reds that will malch %o aj‘tuen ‘m\mt‘ resistance can be
obtamed by following the procedure of the Jamma. match of Problem 3 22
but with an mput resistance of one~half that deswerd for the T-malch.

d’' =0.1026 =>' o'=d’/2 = 0.0513m

d = 09525 > a =d/2 =0.476 25w

S = 07656 =S8/2 = 0.3829Cm

U= a/a! = 0.4T625 /00513 = 9-2836

V= S/a’ = 0.7658 /0.0513 = |4.9278

L = E%Lym =__4n (14.2278) =5.6%12>C 1+a)?= 44,7017
T In(14.7278)—In (3.2836)

=29 S = o giress = [90.478
Zo 6 ﬂoal() (1’(10.‘) 276 ‘Q 810(4@_.4"!625)(0‘05‘3)) l9

To find the Lengthof the T-match rods Sothat the tnpul impedance
's 300 chms , use the gamma Match procedure outlined in the
Solution of Problem 9.22 but fer a [50 ohm mput resistance .

0. For Prob. 922 @ Za=144j3, §= [45. 4 MHe
Z, = (o) Za = 44,0 (H4H3) = 320, 51412.09°

2,= &2 = 330.5ULROV _ | 4550 /2.01° = 1.6453+) 0-3524
° (f0.4178
1 x )
Yo = 'é;, =~ 1682771307 =0-59428/-12.08° < 0.58(-j0:12447 =) i

Therefore = g, =0.58ll, ba= -0 12447
Zg = jtan (kL) 2 Yg=jook (k%) =gy g
by = ~ba £ ,/C8 2+gg) Zo—Rin(@at §g)™

Rin
Dt 0.5811 (0. 478) =150 0-581)* = — cok (RY )
by = -(-0.12447 :l-_\/ T

b% = 0.12447 £0.63264 = -cok (kL)
Choosing the minus sigh (ba+ L’é =-063264)
Cot (kY)=<050817T= fon (kL) =1.96784 2 kY = ton'c176784) = 11006

= —wt(hg) > 88 o

L= 2 (l1006) =0.0T5220
(Continued )
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9"28 y (Cont'd)

u's,ina (9-18) = Z4 =) Zs konckL) =5190.478 (196 T84 ) = | 374.83
Using €3-49), the input tmpedance of the T-oldh iS equal to
Zy = 2Z A0 Za - 20374 83) 44TT (14%) 3 L 4434579 LAT.A286°

2Zt +(H)*Za  20)374.83) + 44.TT((4+ 3
Zin = 300.003 +j326.5778

hooptad 1 - 3.352X16"
Bl 21§ Xin = 2w (145-4 x106)326.5778

C =2Cin =2(3352x10") =6 T0A X6 €

b. For Prblem 9.23 3 Za=14-j3, f=1454MHz

Zo= (222 =320 5 £-12.01°, Zp= Z2 =1.68214420F

tas 3.5 057428 £12.01° = 0.5811+j0.(2447 = ga+jba
Therefore = G2 = 0.58Il, b =0-12441
2y = jranthy) 3 Y3 = SOt (kL) =84 +jby 3 G0, by= ~owkCkL)
53 = -b, ijf9=+&3) Zo = Rin( §at+g)_ _ 612447 4 /058 (1%0-478) ~ (5000 581)%

Rin 150
b = - ot Ck Y) - —0.1244T+0.63264

Chooslng the minus Sign (batbg = -0.63264 )

Cot (k&) =0.7571 = +an (kL) =1.3208] 2 k% =tan 'C |-32081)

L = & kil (1.32081) = & (0.9227597) = 014686 A

Using (3-18) = Z¢=jZe tan(k ) =} 190478 (1.32081) =j251. 565
Using (9-4%),the input Impedance of the T-match IS equal to

Zin= 2% (HO*Za - 2(j251.585) 44.TT (43 _ 443 4993 /47.4332°
2% + () Za 1(}35].585) + 44.77(14~)3)

Ziy = 300.0605 +) 326. 6324
i

sl b = 3.35/X16%
Cin = 2mf Xin ~ 2T (145.4 x16%) 326.6324 345108

C = 2Cin = 6.T02X15™f



1045 g=delici®”
0. Using (4-570) = (4-51C)
e E‘g =~ Hr = Hg =0
B " kaf JkR
Es*j dEa—g N “Le <
) TR
Sinee for far-field obserm'tiovxs
Rar-2Z'cse  for phase terms

Singdz”

R=r Jor amplitude terms
&) ky 5 B
B ~ 41rr sneg ket ~le £
kI, % LkCose kz)Z i
J Sing (RCoSE - #z)2”
)z ATy 5 JCkeosy — kz) A s

= i‘—Iﬂﬁ—sne [ gItkase- ka2’ J‘

& J (RGSH - ez )
e el floe ;
Eexjn kjﬂf ‘ chk CQS&)‘sine‘Sln[é_g(C&S‘e—-K)]
L et =
Where K=7§ o
o 28
He = 5~

b. Woye =3 ReCExH")= %RefaeEexa,HgI
= 2 Re (s Es X cfzeé)- IEI
whuch]‘or K= kz/R =1 vreduces ‘te.

1Ll* sin®® g [ ®ccoss -1
Waue = 0 7[ grar: TR nH [ S(co J

Using the trigonometric tdeni‘:fy (from Appendix VI)

—  Sink
Gk (X Jes sl

|—(cS ¥
it reduces *o

I = L ia
Wove = Gr Y IM‘:lrL ot*(2)Sin [%(Cased)]

(Continued )
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10-1 Ccont'd) L _
C. Prad = & Wy ds f Ldrwr-d‘r rasineds dg
S

o e §"C°**(%) sin*[ % cose -] Sinedo
whic h Yegl_u(es +o ;
Fad =1 %Ll[l..ﬂ.ls + In (ﬁ_f) - Ci(akd) + sz(zk ):l

10"2 For a ﬂova wire antenna , the sind variations in  C10-2b)

. {
are mych slwer than thesedf the SlhftiCCoSBﬂ(_)] function
kL (cos6 -K)

Thereforce near the axis
5t Lt .
Ee=J1 kIl e’ 're—’ @(K-Cosag e sin[ ¥cesp -k)1

gl K sh -k )
= 1 %gff.réj g(K-case)_ s f%(cose -K)]

‘g ((os6 — K )
The first maximum occuysS when & r
e = ———E- = £ = (036
'%g((_‘os bm—K) = %CCOS'BM" %) =0 DK 2" T m

[~}

0. 2P - aspm], _ .= 0s(c) =0 %848 = Vp= 0.7848%
V, Bm=10

(-]

8
Vp =0.9848 (3x(08), Vp= 2544 X10 m /sec

b. T asow| | = Costa0y = 073767 Tp= o LT
Vp = 0.939%67 (3x108), Up = 2.817X10® mbec
e A= i/ f: g %Rdx/
” : . far field : 1 R=r-XsS¥ phase
X R=r Amplitud e
(Cohtinuea{)
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103 (Contd)

A= Mloe_jkr g"o"é-;kcnc“oszp)x’
4T

xf
]

- ,que'jk"[ SikG=cospyx y4
4Tr ]

“jk C1=cos?yp )

2]
A, = Mol ik ik )L 1
4mr L kR CU-Gsy) * J‘hCI—Cosqf'J]
o ADIEOME Sy oy

RL
4TY 4700 , where X = -i—(l-COS?.F)

Cowerk to Spher‘ica} Coordinoteg

Ay = Ax Sine cosy : - Bo =jwhs
Ao = Ax @se cosg [ For-fied = J( Bp = ~j<Ap
Aﬂ — —Ax SEYI)?S E\- = 0
= kr 4
N J ey h o 3
Eg= UM e.)x. SinX CoSGCOS}Zf , CosP= | 6x - ar|
ATr X <
Sl , sy =sing-cosp
Ey = +Jw}:1.1oﬂej _gjx.SLQ—x--s'mp
ar
= el & _tl[([—s‘me oSy )
Hy = 7‘9. £ He = _)fﬂl K= = (1~0sy) ,X=Z
10“4 In the 'far‘—thE ;‘k

A Thailel s k2058
g ALk 1-(1;/“4%\, L T(z)e’ dz’
Lo R et s A ke ckz’cose
= 0z &4Tf_re fl'\'R] I{g e e) dz’

o]

- v 1 2|
+R§:eik§- o RE/C038 4o, ],

. P 1/ = ".k'!cl“ j,/a_‘ e
7 gle_,@e)kzme Aor Saﬂ SikEC1=Cos®) 3/ == X ms}'f LA se)olj
b 8

0 ]

ﬂe:tjzz’-%
~ 1A sin(A)
ik "‘l?.\—"* %A= J%‘(l-tose)

( Gontinued )
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104 CCont’d)
-‘L ot / ‘Q N
¢ L R )szoseolzf__:f It L@ o fez-H

= e,g(_t-r-cow)‘( ejkj(l-t—(ase)d
i

aep B o

: 5)A sin(A) 1B si
> = { elkr e/ +R e Sih(B)
s /uzur r b =

B o

Ag = —Az cosp ~ )4131 @4‘*"’{ & sin)/a +R&Bsin(By/B }s‘me
LR

Az =0 , Ey~0 Eg ~o

Bo =~julls =3 :zkl;,ie*‘“{

SMsinay/A +R eJBSmCB)/B]msMg
4Tnr

T

e % ey = 1 ¢ Shainaya +ReCsin(B)/B ]
b o= kel o 4 ) bl { 3 ] Sin’e
2 32mar>

U, 8) = Lim r2 Woe = 1060” he llH '{H%s'uf&

Y>od 321

e

b= X
A=
B

(= M

" NI

S

3

Uue=%, 9= 'g'(}%)al

ke
'l'sml( kly) i ¢ 4 REVT
I+ R

194



10'5 Llsinj (10-7), the first Maximum ocurs exactly when
2m+ 4 =0.742 and approximately when 2m+4=1.Thus
. = (aQ’ A o
a. Exact; Om=cos'[12 a2 (0142)]=10°= Cas(l0®) = | -_t;i\_ (0.742)

0=09422 _
2omiry | 2442 =Lexact

Approx ; Om=cos'[11 2% ()] =10°= cosclo®) = | 13(1)

5 8% :
o 2 (op5p) — 3R TNSA= ﬂ“PPfDR-

b Uslna (10-7), & 8m= CoS'[I - & (am+1)] with the minus 8‘3?: and
With feva = 442N and (2m+1)= 0742, 2-73, 4.96, £.97,8.99,
Il and 13,
Bmo = 10.00°, Bmg = [7.75°, Oma=26.05°, Bmz =30.99", Omq =35.32°

Bms =37 225 Omg = 42.77°
with fapprx =32.7U5 A and a2m+1=1,3,5,7,9.0,13
Omo ﬂ':l0.0D: Bmi = |T7.3€ b, Bmax= 22-430) Oma =26.66°, Bmq = 30.3|

Oms = 33.60°, Bme ™= 36.63°

< Using Clo~10) = En= @S'(1-nF), n=1,2,3,4 - @ith
Levact =24.422 Lopprox = 32.TNEX
ghb = [645° |4.16°
6“1 = 23.35° 20.08"
8. = 28.7¢" 24 .65°
bz = 33.26° 28.54°
Ong = 37.32° 32.00°
Bp = verodlog’ 35.15°

‘ 1
d. Using (10-12) :>Rr=60[l-4|5+ln(§){x0“)+§l1—(;‘§)]

1= = £ =24 42N
k-l/ﬂc = 4884 = Wn(kl/m) = In(48.84) = 3.88855

20 = 306.87077 = CRCZkﬂ) = C; (306.8707T7) =0 ]Cmm F‘& T-|
Sin (2kLY 2kL = Sin(306.8‘?0‘?‘?)/306.87077 = —0.00275

Rr = 60[1-415 + 3.88855— 0.002T75] =318.05
(Continued )
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10"5.(‘:0 t'd)
: 'Q:’QQPPNX :32_?“5}\ =

RL = g5.823 = In(kl/m) = In(65.823) = 4.186%6F

2k = 413, 5781 2 C; (kL) =C; (413578 o from FigIlol.
Sin(2k%) /2l = Sin (413.5781)/4/3.578] = -0.002168
Rr=60(1.415+4.186963 — 0.002(68)=335.788

= s ~ 0:37IAY ]
e Using Cl0-13) D, = 20k [ £ ces!(i- 24TA)
\ 415 +Qn(3L) ~Ca(2kt) + SICE 2kl

0 = lexact =24.42N
Gt [30s'0- 32701 = 142917
= 2 CH-423977)*
5.300 778€
L = Lapprox =32.7U5 A

0371 \7 _
Cot [Fes'(1-25T =05 )] =13.282337.

D, = 2€13,282337)*
5.57%8

] 0’6 Q. Exoet;

Bo = Co5" [ 14 5 (0.742)] C0S6o= 1+ Z-(0.742)  09063= 1 22 (6742)

= .-i:——(o"{ = 0. T42A
0.0937= | SCaaIm = 3T A

= 49.29227 = (6.728 dI3

= 63.00757=<17.9944B

Approx ;
Om = &S' (1 Gemen)] , m=0,1,2," "
Box CoS'[1+ 4 (1)] 9 CoSBo = 15
Cos (259 = 1+ 25 =0.8063, 2+ = 0.063~] = 0.0937
L= gfﬁo,—w = 5.3366 A\
b. 4= T(3.96A) =2M(3.96) = 24.88, 24l = 4%.176
Sin(akl)/24L = ~0.009R, In(RL/w)=Ln(7-42)= 20693

Ina/n) =tn(2:G7DN/A) = 2. 0683

G (2kl) = Ci (4% .16) ~0

Ry = 60[ .415 +fn(RL) ~C; (24t +SINQRRD T = go[1-415 +2.0693 -0.003211=208.46
; [l : (11-) ] 2kL ] ( Continued )
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10-6 (Cont'd) Sty &
_ 2.0t (2008 (-031A/0)1 zcot"[_%(b&"(l—%%)]

oA \ =
1415 + dn(2¥a) - G (2k8)+ ‘%ijf—i) 1415 +2.06§3 —0 - 0.0082F

= A06T%4 . || 7132 = |0.686dB
3,47431
- Tl
107 pe= zoriliesta- =27%)]
1. 415 + fn (24/A) — Ci (2kL) + Sin(2RE/2kg

ar L= 25
Cot [ Zcos'(1— 2370) ] = 3.127566
In(2L/A) =4n(4) =1.386274
Ci(2kl) =G (8™ ~0 from F[j I[.1 (Gppendix T0L)
SIN(2kL)/(2kL) = SIN(BT) /BTT) =0

Do = 212186602 ¢ 984 =8 444
|45+ 1.386274 |

b. 4=3n;
cot [20s'(1-237!)] = 3.89519

dn(2YA) =) = 1971157 ‘
C (2k)) = Gi(12m) =0 from. Fig -l (Appendix IL)

Sin(2kL) /(2ke) = Sin(L21)/(2w) =0
| 415 + 1771159 O
T

10-8. a. The Characteristic impe«iance of a lossless

transmission line is gien by  Z, :{C_::? O 1

where L. is the inductance per unit -ﬂe'ng“t'h Ch/m)
and C is the apacitance per unit length &7/wm) (@)
of the Line. For a two-wire transmission Line, _,.ld,._ml._
as shown in Fid.fa), the charadteristic impedance O
Ihtsfz

's gwen by (3-1% ) or .
Zs = 120 Cosh"(ﬁfc\i) —‘-l20-ﬂ.n[8/1+gf/z) -a J

(Continued )
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10-8 (Gontd)  which for S >a reduces te

» -
X" 120 A (3)=120(23026) log o (5)

Zo ~276. 3lﬂ°8‘°( 23
For a ohe wire above a ground plave transmission Line,
its charadteristic impedance is equal to [see Fig- (b))
=7 ~ 3(276.3) ﬂegw (%) =138.155 log10 ()
For Sk=<h and a=4d/z, it @n be written as
Z 2138.155 Log o (4 G) , where h is the height of the wire.,
of diameter d, abeve the gvound plane,

b. The exPr'ess]_on above Compares Very well with C‘V
x
10-9. a. pp= eVMOSY_ Skhoosy il 82253
= 2j ((eikhesy _ & Rhoosy J :
2
AF = 2j-8in (khcesy)

CoSWY = Sing-Cos¢
AF = 2 SinfkhCoS@-sine) = QJSln(-z“ N sing-cosg) = 2J51n(los:ne CoSg)

b. Eo =Es (sinjle Wire)-AF

& (wse-K)] gikr _ "}(K—Cose)
= 2jSin (g Sing-cosp) {5 (né S":[ 2 ) } 'lm"_‘
‘k— cos8 — K)

C. R.=138 ﬁ'o&lo (47)

=138 ,0-0810 (4 :/T: ) |38'ﬂ°5|o(4'5) =|38‘1°aw(20)

RL = 138 (1.3010) = 177.542
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1010,  From C10-20) = Dy=2.94(L) + 115
Q. £=273 Do=294(2)+115=6.43=8.0824R

b l=23x; D,=2.94@+1.15=9.97=3.787dB

In Problem (0-7
Do( L=22)= 6984 =8.444R
Do (£=32) = 9.4628 =7.76dB

10-11. D.=84r=lo Logy, Do (dim) = Do(dim) =10 6. 30?6
From (0-20) 3 D, cdim) = 2.94.(£) +1.15=6.30%6 3 &= = 1155
I=1.955 A
Using Clo-19b) = 260= 13- 37 (%)*-78. 27(%) +63.77
260 =13.39(1-755)*-78.27¢|155) + [69.T7
20, =T3.65°

10-12. D.=5dB= |oﬂ(awl),,@.m)=> Do(dm)_.m _3|623

From (10-20) Do (dim.) = 2.94(%)+ 115= 31623 2 X 5= 06844  (=0.6844

Using Cio- t?a)=> 20, =-147-3($)>+ 6034 (£)* 8o7.5(%) +443.6
=~ [49.3 (0.6844)% 603.4.(0.6844) *-809.5 0.6844) + 443.6
:290 x124.34°

1013 a 26, =-23(4) + 6034 (%)"-801.5(3)+443.6

~ 1493 (05)%+6023.4 (0.5)*-809.5(0.5) + 443.6
200 =171.0375°

b =24 (%)t 115
=2.94 (0.5)+ 115
Do=1.47T+ 15 =262=4.183dB

C. Co=86N= 035(263)=0.TIT
Go =0.91T = - 0.376 dB
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1044, D,=9dB =10°7< 79433

Q. M1.9433 =2.9%4 (&) + 115
d . 79433115
AL

=2.3106 & f=23106 A

b. 28, =13.37 (%)= 78.27(x) +169.77
=13.37(2.3106)*— 78.27(2.3106) +167.77

26o= 71.49 ~(86.8507 + (69.7T7 = 60.4(°
200 = 60.4)°

C. D:=DyD,
Da=2N(g)=210-(55) = 5=6787d8 = 7.dB
Dt = 79433 (5) = 37,9165 =5 9877dB ~ (6dB
DeB) =Dy (dB)+ Du(dB) = $+7 = |6 dB

10‘15 h+ha= 025N, (1:0,255([(;‘37\
Q. Using Fia,lo-u(b) Sh=>o0.l4X
Therefore the bent is made ot hi =~o0.14 X above the ground .
b. Using  Fig.10-11(b) 3 R=24 chms
£ I'a |—R‘—z"[= 124“501:0.35{35

R+ Zo 24 +50
VSWR = 1*IMl — 1+0.3585 _ , 483
£ 1=0.35135

10-16. s=2n/B0, A=3x108/4x108 = $=075m

a. Usinj (10-28a) S C =TUD=y2A(A/50) = A/5 =02
C=0.2A=0.15m, D=0.2A/T =0.0636T A =0.04775 m

= /S*+(C2 = (%)ﬁ(%)’- =X /ﬁ'*.ilf = 0.2009975 A.=0.150148n

C. La=NL=5(0.2009975 A) =1-004987T5 A =0.15374 m

2 £ °
d. o= tan! (So)=kan'(F)= mﬁ‘(T_:.) = kan'(75) =51
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1047 $=300MHz = A=300X10°/300x10f = 1m
a. Near optimum 2 C =X =1lm
b. Pitch anjle near optimum s oL >(4°
Using C10-24) Sw=tan'($) S =tonx=Fan(14%)=0.24133
Q=0.24933C = 0.24933 A = 0.24933 m
C. Using (10-30) >R X 140( %) =140 ohms
d. Using Co-31) % HPBW(deﬁrees)t B2 A _ B2(1)

NS i o0
Using (10-32) 7 FNBW(degreed ~ 115 22 _ 15¢4)

- CWNS iV coaqmey 02T
a- ~ S 5 (0.24933)
USmj (10-33) > Dy = 15N %’\3‘ A ARGy T 0d san5e)
=8.69975=12.7T18dB 1 : e
AR (for increased directivity) = N+ 1/6GN )= ——==11

2C5)
e Z=50;
Irl= [Rin=2Zo| _ |140=50| = 0.4'7368
[Rin tZ| |l40 +50
VSWR = |+l = 14047368 A > 8
=il | —0.47T368
Z. =115,

u——l_-__- Rn—=% o [40-T5 =0.302326
Rin + Zo 140 +T5

VSWR = {+IFl = {+0-302326 ~1,B67
1-IFfl  1-0.302326

1048. The normalized farfield puttern is
E= Sin (35 )s8- Sin [(N2)¥]

sin[ y/2]1
where V= £, (SGS6~ 5) ¢[=NS = 5-(0.24933)=1.246(
i L=1.24665m
0. P: L /Ao |.24665 A=lim,

Sho+ 1 gaayazr 1 ° OTI78S.

b. =_L/2o _ _1:24665
S/A.+(2_l~_;_;3) 0.24933+ 1.1

= 0.923%

(Gntinued)
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10-18 CCont'd)




1018 Ccontd)

Helical Antenna ( p=1)

W

D%

%

<,

</

Q.

120
150 0

A2
713

20
10

.n
\?"

B e 3
Ry- P10.8 Ce)
10419. Us'mj Computer PYOjYam Directiu'dj at the end of
Chapter 2.
0. Urd.'marj end-fire; Do= 7.2301dB
b. HanSen—Woodyard end-fire; Do= 11.97413dB
& - ped D, = 71457 dB
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10-20. f=500MHz = A = 300x10°/500x10¢ = 3/5 =0.6 m

G.. Near Optimum 2 C =N =0.6m
b. Pitch ange hear optimum (S xX=[4°
Usinj (0~-24) :)ot=tuh_‘(-§’-)$ %:mno(: tan (4°= 06.24933
S=0.24933C = 0.24733 A =0-1495%8 m

C, Us'mj (10-306) > Rin = (40 C%) = (40 chms
o 3/2 3/a
You BAA "L SBE N =46.57°

Us‘mj o-31) =2 HPBW(d%\@E‘s -
: CANS  AV5-(0.247332)
Using (10 -32) 5 FNBW (degrees) o= 15 A32 _ |15 A3k

Using (10-33)> Do 15N &3 e 02.%37°
: ~ NS  AVE (0247331

e B R 2 24733%)

AR (for increased directivity) D, = 15¢5) RUSEEN o7 212 s 4p

= PN T 205kl =%=“

—

2N 2(5)
e, Zo =50 ; ;

| :l_ﬁu :-.I.Ml:o‘.qnggg
Rin+ 2o |40 + 50

VSWR = |+ ICl = |+ 647368 ~ 2.8
[ =l | = 06.47368

Z =15,

“-l: Rin=Fs | /= 140 -T5 | = 0.302 326
Rw+% 40 + 7%

SW oo e L5 1+ 0.302326 ~ |.867
Y3 R [ | —0-302326

10-21 T=500MHz > A =600m
0. &= tai'($) 3 S=C tanx = 60-kan (13°) =600.23) =13.852 om
HPBW (degrees) =45° = 52 A™> = 52:(60)*2  _ 52(464.758)

CINS § - ——
N= 13%5 [M 2 30,':),;[537[-‘?@_57) 60- VN (13852)
852 L0 (a5, TTigEsr T~ 1831 =6
b Q:lE-N-% = 15.6)- (603 (13.852) = 90-(13.852) =20, 778 = 12.176dB
(60)3 60
5 R=2N+1=2C6)+1:J—3_=.
- 12 s oooas

v
d. C_lzzi_’-)\r-GOCw > 7\4=5—°(i)=80 wm :>7t[=.}‘,'
£ = 3.x10%/60 = 375 MHz
Ca=2A,=600m 2 Aa= 3'5_4_“’);—45@«4 , 2= 666.6T MHz

€ R =140(1) =140 ohms, R =40 (£) = (05 chms
Rz = [40($) =(86.67 ohms
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1022. Do 2150 &3
a. 15=1lo ﬂ.oaw D.(VR) D Do(VR) =(0"°=31.62, c A, S=Mio
31.62 2 5N (i) = N=21.08 =21

_2N+1 _
b. AR= e _41:1 ii TRk

C. HPBW= 52. A%* 525" r—
o el S = 2-C(0.6%) = 35.88°
A21(Mio) 21 i T2 AR = 0.626 rad
DoCkraus)= @G283=5 T, 253 o slei5.06 dB
@ @24 (35.88)*
D, (Tai § Pereira’s) = 73,815 o 728167 = 28 .28 =4.5|dB

®.H+®ad 2(35.88)*
d. B=2(kSTX)=£(FT(&)+F)=2(L+FH)m '”B-Q = £(5 +37) 180
@==%44.57"= 2078 redians

10-23.
N=10
£=10GHz
C: 0.TBA
oL =14° ;
i 3 0. ?57\.{ Z A\ = Mode of G[aeract(on is Axial
R bl o (End - Fire)
b. S=Ctanx = 035Atan(14°) = 0.95-A(0.2493) = 0. 2367 A
LN 7\
PBW = 52- X -7 O,
N Al st e LT
M)
c. C'S = |5-(io) @A) (0.2363N) _ 3, 57215 06dB
D = I5N: =53 15:C o 7=

Do~ Al,253 _ 41,253 = 32.,6| = [5.134B
@uB®a (35.57)*
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1024 N=10  f=500MHz

C=A Pin = 5 Watts
Zo="8®

Q& R= I40("Cx) = (40 ohms

=R=2 _ 140-78 _ 0.28
s T 8
Prad = (1=1F1%)-Py, = (| = 10.2844]2)-5 = 0919116 (5)= 4.595
Prad = 4.595 watts

= - Prod 2/ 4-B95. & :
b. Wiso trapic = 4’;‘;;&— g = 0-3656 x16°

W.‘sotropic = 3.656 X107 = 3.656 nwatts/m*

C. ~ 15N €S = 5. - AEN -5 = 11.76dB
D, = 5N = ‘5“"),.3 |5

0-\
Whelix

= W;smopk- D° = 3.656X15 XIU"T = 54.84 xtd‘f
Mmax

Whelix ]m“ = 54_—9“1_- n Watts/m*

= A v x108
d. Aem %'Db : = ‘_f—= -35_—,‘:—0083—-: 0.6 metere

=D rfiet 2
Aem- 'ZT(“D) =0.429TWM".

Prec = Whelix "Aem = 5484 ?‘»167 (0.4297) = 23.56)([0-?
Prec = 23.5€ X167 Watts =23.56 N watts

10- 2N+1 40+ 1
- —_—_ = = X =1. A 1
P\R N —-_.__0 =nen s
— ‘ . d\li‘d\ a.: l 2 l T
0O- PLF = | O« (%}] lr?l =3 =-3,01dB

=il <y il o b — LE=1 b T
VSWR = 1 <41 . Hiri=1.10-F), | =1 = 51°0.047
o Il = |£(Z-2c)| - F=300
3 Zu+ Zc ZL + 300 -

= i = 2o [AFIFL) -0.0476 F1

z. (M F1) 300::;; ti), 2.2 300 (=) 300 (2041637 )
- 300 (22240106~ 1y - =
g o [ ( o.o4'15—1) 300(1.0958) =328.74
+

300 (Too4n e )= 300(0.909) =272.74
0.04T¢ +1

b. 32&’14:82,136 272 _ 585
) Z i

A/2 Resonant folded dipole will transform

|7((Z+300) = + ( Z.-300)
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10-27

X - kS(aSi q L . -
U(e.2) ~ IEe|* = Sin'e lj-ers“e)“ l ‘S'"esi“{fejae)ksuanesmpll

Unmax

Pn(6,8)=Sin

E—dwe:ﬁ:

= [ '\ e-jISLe'ij“._ejgeiksd l o

: . .S i sl i H i a
3 [1- @%Q:Jksnsmﬁstm{e;seJkSassme&nﬁl

|1-eiEeitSe _ gifgikss e

LR
= R
= <
o T

0£/<K2m

0<£e<K2m

120

B0

30

0 180

300
#en 270
B pove H-plane
813 | FBRIE‘PIQﬂe
0.15A 2.32
0.20A |5.0
6.25X 7.1
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10‘28 Q. See Fijure m below

b. 16.8385 dB

G 176497 deJrees
d. I7. 2358 de.jreeg
e, 15.2290 dB

5 5. 1964 di3

E and H Plane Field Pattern of Yagi—Uda Antenna (Prob. 10-28)
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1029

See Fiaure i below
7.29577dB

54.0517 dejfeeg

65. 7668 degrees
'7.65044 dB
7.64547 dB

Hhe (S O) O

E and H Plane Field Pattern of Yagi~Uda Antenna (Prob. 10-29)

————————

IS0\
/)‘ .

/

-10 dB
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10-3 O Mo = 3x10%/fo = 3x108/2.16 X108 = 1.388T m =(38.89cm =54.68"=4.56"
Since the gain of a /2 dipole is
Go = Ioﬂoj 0 (1.643) =2.156 =~ 2.15dB
then the gain of the Yagi-Uda array (above a A2 dipole) is
G=14.4-2.15=(2.26dB (relative to o N2 dipole) .
To Gocomplish this, according to Table 10-6, it would Y‘ec[uire
a. [2 elements C 4 reflector, A feeder, 10 directors)

b. Sia (reflector-feed) = 0.2A0=0.208m = ©. 712 ft
C. Sik (director spacing) =0.2% = 0.278m = 0.9 2ft
d. L=2220=22(1.3887)=3.0556m = 10.025§t
8. For d/Ao=0.0085, L{=0.48270, I3 =0.43270, {4'=0.4I52
15 =0.407 No=liz , A< = 6.37870= 0% , L7 = 0370 o= 15 =13 = Lo
5. Fora desired d/a, = S5, = 0.00686 $d=0.00686 s = P53XIGM =313x10°F¢

54.68
Plot the lengths from parte in ‘?Iﬁ.lO—ZS and draw avertical Line through
d/ne=0.00686. You will find that the unempensatel lengths are
0/=0.482%, £5'= 0.42220, 44= 0.420 Ao, £5'= 0.412 A0 = Ui
1€ = 0.40320 =10, L9 =0.318Ac =g =43 =

3. Fora O/a.= 537/%8 =0.0137 3D =0.013T Ao = |.9X16M =6.25 X(6Ft

Jou find from Fig. 10-26. that each element length must be incressed
by Af =0.0075 Ao. Thus for the army des.‘jn

L = (0.482+0.0085) Mo = 0.4715N0 =0.683m =2 24 .
fa = (0.432 4+ 0.0095) A =0.4415 A, = 0.613m =2.0] {t
Ly = (0.420 + 0.0095) Mo = 0.42%5 Mo = 0.576m = | .96 ft

Ls =0iz = (0.412+0.0095) o= 0.420520 = 0.585m = |.92 ft
l¢ = Uy = (0.403 +0.0095) Ao= 0.4(25 A 0=0.513m = .88 f¢

In=lg = 0=, = (0.378+6.0095) Ao = 0.40T5 Ao = 0.566m = |.86 ¢

The driven element should be a A/2 Tolded dipole.
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10-31 o. VHF-TV Chawnels 2-6 (54-88 MHz)
No = 3X108/fo = 300x10%/88x(0® = 3.40Tm =134.216" = 1118 ft

The gain & numberof elements are the same os for Preb (0-30. Thus
Gain =G = 14.4-2.15 =12.25dB (relative to a Az dipole)
Atcordins to Table [0-6 and Solution of Prdb (0-30, the desijn requires

2 elements (1 reflector, 1 feeder, 10 directors)

. Sz ( vefleckor-feeder spacing) =0.2A.= 0.68l6M = 2.236ft

a
b
C. Sik Cdivector Spacing) =0.27e = 0.6816m = 2.236
d
e

L=2.22A0= 2.2 (3.40%)m = T-4378m = 24.6056 {t

For d/a, = 0.0085
1=0. 48270, 13 =0.4320, L4 =0. 41570, (s = 04077 = 4

!6 = 0.378 o= Al l0=0.3702=10g =17 =l

~ For a desired d/a0 = 3’3 = 0.002774 2d=0.002794 Ao=0.00952m
134.2 T = 00312 ft

drmmng a vertical threugh d/}\o 0.002794 in Fig.10-25,
feads to the uncompensated lengthsof
0/=048T Ao, {5=0.4522%, L4 =0.4382,
26 =0.4270e =0i1 , ﬂr[“04-20}\0"ﬂ8"'% =10 N

§ Fora D/ne= Efig  0.005588 = D= 0005588 A0 = 1X(5m = 625 X0 ¢

0s'=0432N = ﬂl;

you Find from FEJ. 10-26 that each element must be increuged n ﬂenatln by

A0 =0.0032. Thus for the array desgn
L1 = (0-487 +0.003) Ao = 04302 = 1.6 704 m = 5.478 2ft
£3 =(0.452+0.003)A = 0-455 0= 1-551lm = 5.0869ft
4 =(0.438+ 0.003) Ao = 0.44) Ao=1.5034m =4.9304 {t

Q12 =0s =(0.432+0.003) A= 0.435 N0 = [-482(m = 4 .8633ft

Qi =L6 = (0.427T+ 0.003) \o= 0430 =465 m = 4.8074 ¢

0y =lg= 0q = Lio=(0.420+ 0.003) Ao = 0-423 N0 = |.4420 m = 4.727] ft
The driven element should be a A/2. folded dipole .

b. VHF=TV Chamels 7-13 (174 —2I6MHz)

Since the desljn is performed at the upper frequency of the desired ‘ﬁequenc;y
band Cin this se fo = 216 MHZ), and it Is assumed (t accomodates all the frequencies
below fo (f<fo =216 MHz), the design for this part is identical to that of Preb. 10-30,
For the specific details, See the Sdution of Problem (0-30.
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1032 4 =108M8z 220 = 1‘3;0:,[05 = 2.778 m = 3.134 £t

Gain =G =12.35~-2.15= [0.2dR C(relative to o /2 dipde)
P«ocordinj to Toble (0.6, the desijn requires
G. 6 elements (4 reflector, { feeder, 4 directors)
b. Sia Creflector - feeder Spacing) = 0.5556 m =1.823 ft =0.2 A
C. Sik (director spacirg) =0.25A0=0.69445 m = 2.278 ft
d. L=122X = 3.333¢ m =10.936 ft
e. For d/n. = 0.0085
27 =0.48200 , 03’ = 0.428 00 = {¢" l4 =6.420 A0 = L5

F. Foradesred d/n, = 1%6 =0.003429
2d=0.00342% Ao = 609716 3m = 3.125 X16* ft
drowmj a vertial line 'Ehroujh d/no=0.00342% in Fig (0-25,
Jeads to the uncompensated [engths of
£"=0.485 ),
13 =0.445 Ao =14
b = 043800 =05
J Fora Bracs 13:7/;6 = 0.00686 > D=6.86A, =1.905 XI6*m = 6.25xI5> ft
You find from Fig. 10-26. that each element must be creased
in length by 40=0.004 Ao . Thus for the array design
2, = (0.485+ 0.004) Ao = 0.48FNe = |.358 m = 4.456 ft

le=4z = (0.445+40.004)X6= 0.443 o= [.24TM = 4.002ft
A5 =)4 = (0.438+0.004) N0 = 044200 = [.228M = 4028 ft
The driven elemevt should be a Mz folded dipole.
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6
1033, fo= 206MHz = 2o =—§£§i% =0.3722m = 1.22] ft = (4.654"

Goin =G =12.35-2.15 = (0.2 (relalive to o M2 dipole).
ACtordEng to Table 10.6, ‘fhedesign requires
Q. 6 elements (1 reflector, 4 feeder, 4directers)

b. Siac reflector-feed qu,cinj) =0.20A0 = 0.0T44«m =0.24421¢

C. Sie (director gfm]nj) = 0.250,=0.093m = 6.3053 {t

L=1.2he =0.44665m = |-4654 ft

For d/n=<0,0085 =3 d=85xI63Ae=3.16x(03m =1-04 x16*ft

2= 0.482 % =0.1794 m = 0.5886 ft
03 = 0.428 00 = 0.1593 m= 0.5226 £t = ¢
04 = 0.42000 = 0.1563m = 0.51296¢ =05

® o

¥ Fora desred d/n.= i’——f—;} =€.A X163 = d=0.00238m = 0.00782 ft,
dro.l.o'mj a vertical line thmujh d/Ae = 0.0064 In FEJ'. (0-25, leads
to the uncompensated ALengths of
{, = 0484 %o = 0.180 m = 0.5%I f¢t
03 = 0.434 No = 0.1615m = 0.530 £t =4
04 = 0.428 xo = 0.1794 m = 0527 ¢ = o5’

§. For a D/x,= :4%45&564" 0.0127%5 = D =0.012795 Mo = 4.76X103m =1.56 X162 §+

You find from Fig 10-26 that each elemedt must be increased
in length by 4l=0.0076 Ne. Thus for the array design

1,=(0.484 + 0.0676) Ao = 0-4716 Ao = 0-|830m = 06.6003 ft
le=0z =(0.434+0.0076)Ao = 0.4416 Ao= 0.[644 M = 0.5373 ft

0s =ﬂ4 = (0-428+ 0.0076) o= 0-4356 Ao = O-1621m = 0.5317 ft
The driven element should be a /2 folded dipole.
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11-1. @.=0,T ; §= I0MHz , .= 05 x (07 A

a(ﬂ o) i
O\., 91'— EL g g L= (el“P.) 1+a_2..
¢
A=-30X0 _ 34506 com =36m = L= A= 3em
10 xlo
TI'\US 1

a(amr-o0)
17\—05x1037\ [e - 1) /t+ &=

Solumj iteratively , it _ylelds

&< 1166 rad'

B e e* 7P 05 x 163 N e T2 6 a5979A = 2279 m
el e 166 (E=0) €6 1166
G = o & e st 1L S i

11‘2 Usinj the 3eome_+r‘y of F igure 19
Ln /2. ] = tan

d t d“/-?ﬁ. *ﬂ—' Rn
Us'mﬂ Cn- 264)d:}o( tﬂn'(""‘ m(an)z "(4,{)
3 i B T A
« = tan (__.__f;_ ) = kan (ﬁ?‘)

As the spacing between the elements approaches zero

'ﬁi'!

=0 (2] - [ TG w55 =

214



11-3. D.=9dB , Rin=7512
a. = (54-216)MHz  D.=1To5¢em, Ds= 0. 476 em

Op timum o’l =olsz| =092
Do=gd8 D=9dB
L2093 )= 59/°, B, =11 +77(1-083) otk = 1. 477

A =tan’ (
4 (0.175)
Bs= 2&.(.477) = 5.908, Awex = %‘—’%-4556%

——«6455 {1— ¢ ?08)1301‘(5’?” °) =11.538 m

|« l‘—g_ﬂ(l— Bs)&;t-cx =

N= | + InB308) = 25 477 & 25 or 26 elements
InC Yo.23)
DMAX = 2778 m, dmax = 0.75in = [.§05 Cm

£'= °";§ 0.\l L =T
Q‘“""/dmx = 145.8268

(1=33) 2, = |20[In((45.8268)~2.25]1=327.87 chms
5/?3;'1 = 3278%/95 = 4.372 ¥ Zo/Rjy'= LIS (From Fi§ i4)
Zo= LI5(75)= 86.25 chms
S =7‘% (Eh(%—i} = 0.75 Gsh (o-719) = 0.75(1-26961) = o‘?szz’:z.zlzcm

b. Ajam from Q.
=093, £=0175, & =5.71°, Bar = |. 477, Bs = gz (.47q)= 2.407

Amox = 5.556m, L= 5_55;6(|- = 407)@“5.'7;;")— 8.1187 m

In C1/093) ‘
max _ 2778  _ in5 8268

5’._,_ o.18(5 : ﬂmpx 2'3’78 m , dwmox
: ; : wax  1.905X10™
=42 3 onm ., ____C\_ - o
Zo. 7.87 RZ' 4.372 2 % - IS Zo= 115:(75) = 86.25 ohms

n n

=3 §6.25
IS 4 (osh ( W) = 0.7% Cos)n (0.719) = 0.78 (/- 26961) .—-.0.?5.?.2 = 242 0m

C. Aaa}v\ frbm Q
7=0.93 & =0.175, X=570°, Bor=1.477, Bs = T35 (L 477) = |-8B5

s SHo0.
A SMO— = 924 m, L= '-'—%""(t—-rgg'l—gg)Cotcsvﬂ"):f-?59m

1L XIP
) In(1-8335
N= 1+ InC8385) o o0y N= For 10 element, Je 280 14353

In('/0.93)
Zo= 120 0n (143.53) ~225] = 325,788 ohms , 22 =4.3465 952 =1.2
Zo212(75)=90 ohms iz
S 0.6 0sh(70/120) = 06 (1.29¢7) =0.7768 cm  (Continued)
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11-3 (Contd)
d f= (512-806)MHz, D.=0.2em,
Aqln from 6. fl = 0.175, T=033, % =5.7/% Bar= 1477

Be= 506 4?0) 2326 L= (ﬂ%?@m—")(l— 733¢) Gtk = 0.835m

52
N= 1+ In(2326)/ly(Ypg3) = 12:63 %= N= I3elements
~ Amax _ Imoxr _ 0.293 Dwin B
bmox =2 e3Bm, dmax  0.2x(02 SIARR o T = M3, [ NCAS. T

Za=120[In(145.9) -2.251 = 3280 Za _ 228
8- F RI.I"\ ‘75 "’4373

F’=0185 , From Ffj 4 Ze o |16 . Z=I5(75)=86.25.0
S=(0.26m) Cosh( ‘?g'og)z 2.53P mm . S=254x(63m

8. Ajo.‘m from G .
8
Bs= 198 (1. umm) =1. Nt 25 S0 o

——8_.(1' 47y =1.8127 \‘hm,tl S8t 3. 409 m
L= wa Co N= 1+ InC8127) _ o o0y

Do (1 — ;) Cokt = 3.82073 m e ?
N = ‘?er 10 elements , dmay = 7“"'“-—[.!7045m, Imax = 17048 145. 8
b= 177 1T

Ds = 0.12B(m

Za= 120[In (145.808) —2.25] =327.875 ohms

% 32‘3???5“437!67 =}———--|!6 =) Zo= 87 ohm

S = (1167 (m) Cosh (mﬁ = 1167 (1 2745) = |. 48992 (m

Since for all parts of Froblem 1.3, Z=0.93 , then according
to (127 . A= fn(fa)-Incf,)= Jln(};%) =n(£)=4n G5;) = 0.0727
or fa/f = Y2 = 107527 3 §2= 1.07527 §,
b. fmax = (1.07527) §min > N= fog, (Smax /e V,tea,ouomv) , Thus

11-4.

B N= 6729 o) N> 29775

(W N= Qoa.n(%)/b&m(l.o?sz?) X9

(d) N=6.252 E)aN=E 2822
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11-5. using the dsign program, LPOAFOR, set up the man Screen as Showh.
Whe ther or not the dipole diamelers are quant sed make Litfe difference as
fong as they are quant(sed to reasonable valie .

Please see the file LPDA.DOC for information about these parameters
1 Design Title : Homework Problem 11.5
2 Upper Design Frequency 216.00000 MHz
3 Lower Design Fregquency 54.00000 MHz
4 Tau, Sigma, and Directivity Choices...
Directivity : 7.00000 dBi
5 Length to Diameter Ratio 40.00000
6 Source Resistance .00000 Ohms
7 Length of Source Transmission Line .00000 m
8 Impedance of Source Transmission Line 75.00000 + j0.0
9 Boom Spacing Choices...
Boom Diameter : 10.00000 cm
Desired Input Impedance : 65.00000 Ohms
10 Length of Termination Transmission Line .00000 m
11 Termination Impedance 100000.00000 + jOO
12 Tube Quantization Choices...
13 Design Summary and Analysis Choices...
Design Summary : D ¥
E- and H-plane Patterns N
Custom Plane Pattern : N
Swept Frequency Analysis ¥
14 Begin Design and Analysis
Please enter a line number or enter 15 to save and exit.
(a)
‘Gain vs. Frequency|
10
- AT a Nl o |
R T \ B & .
/ AMERE Ky \.,,/\ AN E
/ ( ' \ \V/
| . ! 5
! i
0 / I |I | —]
_d‘_'h. |
m
2 :
5 | | 100000 Ohm Load |
i
| |
L i s e | — E el
i
I .
-20 : 1 |
0 100 200 300 7 ~
00
Frequency (MHz) (('onfmueo()
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115 CCont'd)

Input Impedance vs. Frequency

200 -
150 ._ 1' | : e
Eefufred
&) \ f
e | ?
§ 100 — i ?- — 100000 Ohm Load
@ | | /\;«
g \ A e
: o , A
g s \ {\uﬂ' U l\ ‘l J \\ \/\\\/\ﬂl \\ /
50 '—H \J \| ] R '\i_' /;/\:,’..
I V L agis x\_/ 7
- 0 100 250 360 400
SN Frequency_(MHz)
IVSWR vs. Frequency
: |
4 |
e 4o
i .
> J‘ A| | — 100000 Ohm Load
o | 'ﬂl = f"l \
)
n/ \/ \/ﬂ”\ R \/\/\/
| |
| | |
et l . ;
: 0 100 200 300 400
Frequency (MHz)
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11-5 (contd)

(by 7he d:}PCf/h:'f}/ Peaks when the fre?ue;nsy is Shown delow.
We ratio of each frepuency £o the next ﬁff hest (s also shown

FCMHz) Y (Ratio)

73. 87 o.64u47
[14.58 0. 7579
/5119 0.7937
/90. 49 0. 7937
240.00 0.83/3
288.72 0.8507
339.4/ 0.7330
363.717 —_—

The average of the ratios s 0.80. The computer program calculoted
0.78

(c). At freguencies below the tower c/esyn fm?uency, no element s
fony engyjﬁ to support a half- waueze;gﬂ/) resonance, So the
antenna  ceases to act as a radiating Structure.

At ﬁe?uendes above the upper des_z'f,n fze?uen cy, several elemenys m&;‘:"t
be capuble of supporting resonances which are multiples of a half
wave/e)y‘b‘h. Therefore, the anlenna does not lose Lts radiating
characteristicS, but it does tend xv Lose jts directive properties.
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11-6.

Please see the file LPDA.DOC for information about
Design Title
Upper Design Frequency
Lower Design Frequency
Tau, Sigma, and Directivity Choices...
Directivity

Length to Diameter Ratio

Source Resistance
Length of Source Transmission Line

Impedance of Source Transmission Line
Boom Spacing Choices...
Boom Diameter

B W

0 o o

10
Al
12
13

Please enter a line number or enter 15 to save

(a)

Gain (dBi)

Homework Problem 11.6

Desired Input Impedance

Length of Termination Transmission Line

Termination Impedance
Tube Quantization Choices...

Design Summary and Analysis Choices...

Design Summary
E- and H-plane Patterns

Custom Plane Pattern
Swept Frequency Analysis
14 Begin Design and Analysis

10

Gain vs. _Frequency

these parameters

216.00000 MHz
54.00000 MHz

7.00000 dBi
40.00000
.00000 Ohms
.00000 m
75.00000 + jO.O

10.00000 cm

65.00000 Ohms
.00000 m

75.00000 + jO.0

KZZ

and exit.

/“\\__ /f_

| _ 75 Ohm Load

100 200

Frequency (MHz)
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( Continued )



11-6.(Contd)
ﬂnput Impedance vs. Frequency

200 ‘ |
150
E
g |
3 ?
_E e e SN i D [ 75 Ohm Load
L AMANAN
E \ / \ oo \‘\-\x_/\
|
0 : | |
0 100 200 300 400
Frequency (MHz)
VSWR vs. Frequency}
5 — | v
|
4 | — I R A : i A S P
Hg rjenm of 135 podie (AR b p S >
s ‘ | [i 75 Ohm Load
2 |
2
1
0 |
200 300 06
; s Frequency (MHz) ( (ontind 96( )
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11-6 (Cont'd) .
(b) The 7512 termination resistor acts as a matched Load which prevents

reflections from OCcurfhj at the end of the antenna. 7The 100K 12

termination does not prevent these reflections. Any reflected energy
has a second chance to radiate, often in a destructive fashion

relative to the primary radiation. The result /s a rapidly varying
input Impedance, gain, and VSWR, especially at Low freguencies.

11=7

Please see the file LPDA.DOC for information about these parameters

1 Design Title : Homework Problem 11.7
2 Upper Design Frequency 216.00000 MHz
3 Lower Design Frequency 54.00000 MHz
4 Tau, Sigma, and Directivity Choices...
Directivity : 7.00000 dBi
5 Length to Diameter Ratio 40.00000
6 Source Resistance 10.00000 Ohms
7 Length of Source Transmission Line .00000 m
8 Impedance of Source Transmission Line 75.00000 + jOO
9 Boom Spacing Choices...
Boom Diameter : 10.00000 cm
Desired Input Impedance : 65.00000 Ohms
10 Length of Termination Transmission Line .00000 m
11 Termination Impedance 75.00000 + 3jO.0

12 Tube Quantization Choices...
13 Design Summary and Analysis Choices...
Design Summary
E- and H-plane Patterns
Custom Plane Pattern :
Swept Frequency Analysis
14 Begin Design and Analysis
Please enter a line number or enter 15 to save and exit.

KZZ2

(Continued )
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11-7 (Contdl)

Q).

‘ Gain vs. Fréquency

----- Rs = 10 Ohms

‘—Rs--OOhms

Gain (dBi)

L i, G el o

0 100 200 300 400
Frequency (MHz)

(b). A fraction of the Source current is absorbed by the Source resistance,
and a fraction is absorbed by the antenna . The fraction absorbed by the
source resistance Is s/ (Rs+tZin). %

The fraction absorbed by the antenna is e
Yherefore, the efficiency is € = (%)= 777 %

(). Since the antenna of Problem I1-6.is 100 % efficient (Rs=012),

the anfenna of this problem should exhibit a jain pattern which IS
;o-ﬁoj (0.779) dB = -(.09 dB different #han that of ,Dmb/eﬂ? /-6.

The calculoted qains of the *wo antennas are Shown
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11-8

Please see the file LPDA.DOC for information

W

Woao W

i 2
12
13

14

Design Title : Homework Problem 11.8
Upper Design Frequency

Lower Design Frequency

Tau, Sigma, and Directivity Choices...
Directivity

Length to Diameter Ratio

Source Resistance

Length of Source Transmission Line
Impedance of Source Transmission Line
Boom Spacing Choices...

Boom Diameter

Desired Input Impedance

Length of Termination Transmission Line
Termination Impedance

Tube Quantization Choices...

Design Summary and Analysis Choices...
Design Summary

E- and H-plane Patterns

Custom Plane Pattern

Swept Frequency Analysis

Begin Design and Analysis

about these

806.00000
470.00000

8.00000
25.00000
.00000
2.00000
50.00000

4.00000
45.00000
.00000

100000.00000

22 <

Please enter a line number or enter 15 to save and exit.

(Q).
E- and H- Plane Gain|
10
0
-10
%“
= -20
‘@
(&)
| — E-plane gain
,_30 - L ——
\: — H-plane gain
Pr R e | S et
- | i
0 90 180 270
Frequency (MHz)
(Continued)

parameters

MHz
MHz

dBi
Ohms
+ j0.0

cm
Ohms

+ j0.0
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11-8

Gain (dBi)

).

(d)

(Cont’d)
(b).

E- and H- Plane Gain|

e R e

. I [l / / \ — H-plane gain
65 O i i 1 { \ 2 ! ! ; : -
B | | sl
6 et | I | | ."._\_. HE If ! !

R NEBNOEREE A RELRS

4.5

35 |1

gLk |
0 30 60 90 120 150 180 210 240 270 300 330 360
15 45 7% 105 135 185 195 226 255 285 S 345

Theta (degrees)

3-dB beamwidths are  E-plane ~67°
iH -plane ~103°

Jrom the E and H-plane analysis at 600 MHz, the front-£o -back
rotio is /2.87dB
The E-plone has deep nulls because this plane corresponds 1o the
plane of the dipoles. The dipole pattern has a null alng the
axis of the dipole; therefore, the Log- periodic djpole arra oy has
a nuil there also.
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- = 7\./ .
113, 2:= M: } kr=(2)(Z) =1
t+3ckr)? BBl imasate ¢

'+ B 4
(kr)3[1+ (kr)] 1(1+1)

iy — e S—

1

3 - 1+3(fr)* i
1110. Q T

(kr)® [ 1+ (kr)*]

o SRl o,y Sl =g = OdEg
Q= 1+ 3(/20)° = 1+ 0074 = 270.43
(3!6)6[ 1+ ("ao)*] 0.003875[ 1+ 0.024671]
@@= =2907%3
Q =~ —1—3 = 1 = 1 =258.01
[Z(2)]° ~ (Tao) ~ owoas7s

b. la?er to better utilize the ava.ilable volume .
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12‘1 Q. Fora uniform plane wave

_E_q = d\:ﬂz Ho e_jhzlzso: Ox UZ Ho

Bquivalent
o = {*2"" Ea=-20y7Ho=~Gy 27H,  over aperture

0 elsewhere

b. For field

za/s 5 =
Le =jf(ose\9m‘p' Ma_e"u Mo ot - Sinasmﬁdzd}
h_"“/a.

W2 —%/2

(¢ usmj the formula f %z = C-['SIZ_EC]
Le= ~27 Ho 0:b €256 Sing [S“"X S'“ Y] x=kasmeosy
Lg = -27 Ho -0-b osg [51,)\_3_5_ er_n_i ] *(= 2D singsing
Eo ~ ki“t" M‘kejkrwsp Sinx vatlY
Eg = %L‘g = _j Ltk it aspsing S YAt

G.  Hi=GHERE, EisdypHo
MS ={-Jﬁx E' =-2‘d\x°7{' He oveyr a.|>er)tufe

. &lse whe
b. Far fleld re
Le = —277Ho a'b: cos -cosg 222 Sunx Si:T

Lﬁ - 2>(Ho ‘a-b sing SinX ginY X= ;.bSI‘ViB Co.slej
; 3 \f*: < Sime Smg

7 Hea i o Smx S

n -3 THoq Sk SwX sSinY
Ep % = f_z—n"—rcd’ke CoSH Cosg T
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12-3. a. E;: C‘i\j E. e_«"k*

Ms = Z‘ -2h X Eoci?j = d}.on » over aperture
o elsewhere
b. Far field
Le = 2Esa-b cosp cosp STl“x SinY. - . X=" 56 @sp, Y= "L -Sing
Lg = ~2E, -a-b-sin gy _S_télﬁ_ siny

& — kéj""' e i
Bo ¢ K5 bs . B ¥ dgilr

12-4 . This is the same Pr‘ob[evm as Pro.(i2-1) except E,= G E é
Equivalent Maﬁnetic Current
a. Mg= {"IMEQ = *53 2Es, over aperture
< , ®elsewhere

R field
— .. Ecabj jkr sinX Sin
EG e Tolrr___ej  CoSg ™ IYY
Ep = -j Eoab ko i® (ocn qingy SMX_ S
% =) 22 ke cosp singr _;‘;‘__..S_'.\T'TY.
X= X%cing cosp
kb

Y = ——Smb Smg

15 Write an expression for the incidewt field
E = G E, eIR(Y Sing, —x cos g, )
At x =0, E=dzE,elk§'Ss
Usina equivalent
M =-2AXE = ay zgoeik‘a"s"nﬁé
Thus Ng = Ny =0
Le = H My CoS6 Sing e
= +2E, (038 Sing fb/aejkz'asg . j %e jRy“(Singo+Singsing )dg’
B =0/ (Continued)

R(y’Sin6Sing +2/CeSb) dydz”
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12-5 CCont’d) g s
‘ e tsm Xc
sing qu ei®d% 4z = ( )

Lo = 2E, Cose Sings [bﬁ"_?_][a smY Z= Rbcyeq

] whe’re

#

= 2 (Smosing +sing,)
Lg = 2F, Cbs,cff ethfcosng j’q" Jh(sme\smﬁwsmm&g
=b/y

. -a/z-
= 2E;q.- SinY Sinz
g = 2E;ab Cosg - g = 1
Thus E, = Jhe‘J‘“‘L -} abEoosgREIE" SNy ginz
4Tr 2Tr i SR

By = GRS 4 jabE; c_ﬁsmﬁhe’“‘” SinY sinz
s e
Ho = ~Ea4 , Ha = Eo/y
12-6. E=(3y E.asg, + dyESing, ) e3*¥ S x @2
H= & g_,_, ei*Y Sing, —xcosp, )

At x=0, E = (8 Cosp, +dxsing,) E, ¥/ P
lBI‘hj ETMU"’@H{ M =-—26A'E —Zdz ‘Cos g, Eo esk}smﬁo ‘ Thes NG;N/g"‘o
o= = ((MaSims e:*@’s'msmﬂ +z"cosevdy,di.,
= -2E.Sing CoSfe: '( e)*f"”edg,s‘ le)v(Sm}a.,i-sm&smﬁJd}/
By 2 kb
Ly = 25, Sinocaspio [b SINE [[aS0Y | where 27 = ¢
® ’ Y‘ S-(Sing Sing tsng; )
L= o

-~ s k&t Egab SiNg sjkrp . SNY sinz
Eﬁ_J&zr_r'Le' ~jeiew, Tttt A% TR e

He""-—%ﬁ
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o
.\J
o
1<
7z
It
N
m
x
3)
x
o
(e
0o
In
i
4
[

/a = 6\_1 zae-jhx'ié

Inthe far- zone
~ & _-E__j_k_"r W2 rLfa i
ar v f (ﬁx za)elk"" - }hafx Cosgl +y sxqp‘)smsd fdy"
-Wp Lfa.
= d\x €. Eo 'e_jkbr
2m YL

‘La’singsins 5 L/“ejh,,x’((osgsing -3)
da dx”
~Wa ~Ya
= § £LoBlW gifr sin@) sin®)
2 X B

where : A= RL(wspsing- =) B=Wsingsing
kor :
LW eJ { (o35 @5 Sin(a) Sin(e) }

l"l'l

B = aﬁ E= _eaE:!W EJh'r{Sm‘g m(AZ S;n(B)J

&) kr
Eo % -joFy = ,l_-b! = {smﬂ Bth(A) smBC_) }
~ 3 g b é}t-
Ey = jup R =5E 50 $ { ©s6 asg L1, .SméBJ}

C. Radiation intensity is maximum when A=B=0
B=0 » 8 =0

A=0 » sing =2 > b=a =45°
12-8. E,=0zEo,Ms=-2nxEa=-20xXd2E, = d32Eo Thus
My=2E, Mx=Mz =Jx=2J,=Jz=0
Ng=Ng =0
Ly = S MfCoSBCoSﬁ-l-Mbegesmp Mﬁ&na] e)k[gfsme&nﬁ+z’a=se)jd ;
= ng, Cose-smgf eiky’i‘a‘mwﬂﬂ dy” bb‘ej hz’c:»sedzf
. =b/2

Lo =2Eab[esosing 1% sm‘f sz‘] Y= fa S2dne-Sing, Z = -Hi ®s6

(Gontinued )
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12-8 (Cont’d)

0 ek e
nggg [‘)&S‘lnﬁﬂ‘M)pGﬁSﬁ] ejkcgsme-sm,es +2’C°56)dgfdz_f
= 'ZEQ ab['cb8¢ ISIHT St'ﬂz]
Using C[?.—-lOa)—-CI?.—IDf)
Er >0 ke j
L L OFE
Ee 14“'; [Lg+ le_hjab:"%e’ [osg. SmY stJ
E i 5 é'_j r (0]
el [Lo-nMp 1=—ja bkEoe) [CosgswﬁS‘“Y sinz |
¢ =0, He""‘%&, Hp:-f-gﬁ

Ne =Ng =0
Ly = [V? Cos6 - cosa’-fl‘}(, CosﬁSmﬁ Mz-simele ‘}R(x SIneCoSP+2Cose)

alz - bla 2
= -2E,SMp ;.e ﬁoosﬁdz gw ,kx Smec;:sﬁd 3
2

A
Le = -2E.ab [s‘ma.\?‘_;‘é.s.i%?.] P ¥ Snecosg, Z = _ % s

] o ‘ o
S 5 rﬁ_ sing + %7;‘ cosg] @R sinocasg +2°CeS8) | 1o, o
Q

dxdz’

USEY\j (12-10a)~ (12~10f)
b ke o
Epr20, Eo=-~"-‘4'%’ [,JZ‘°+7N’E ]1=0

Ep~ JREK s bk E &
pr IAEHT |, yfp1 = S ARRDE Teine LS

Hr >0, H.> - Bz Hp‘-g—--—-ﬁ
1210, The ol diffence betiosen:
e only difference belween this problem and 12-8 is that for the
Yaniations the m’rejro] reduces to k d
o s (K singsing)

O/2 s\ |
(" cosyyey s d&"='( )" e swosngy*~ (%)

_Jk abkEC’ Eoe fCospi % S S‘"*]J\/:‘E%&nasinﬁ

o~ )i Lo = e N ("2)*

Ep oy Jer = +; abkEo e'J“ coSY sinz
4Tr ) 7 __"'[ CoSE S| ﬂﬁa-)ﬂ- Ur/) J Z= ‘kb s

Hr =0, s'—‘:-Eﬁ/fz, Hg = Eo/y
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12-11.  The onlj difference between this prodem and 12 ¢ is that
for the 2z Variations the Enfﬁml reduces to

Wa s (Bcase
Cos(&2) e’kzc"s‘} = -("2) LS
s (e @)~ ()*
ThUS Er 20
Eo~0 — ?
y R8) SZ
S o Srr Ly 2bREET ¥ Fine SipX @~ |

X="%sing g, 2 = 'Sfcns*e
Hr~0, He = -Eg/y , Hp ~Ee/y =0
1212. o —ﬂ"f‘E*’*”S“-ﬁ"Ea-é‘Eo#Mx:Mz <o, My= .
ttJ JE-"XHa~mx(—&j§s)-_az§Io
= Jx= Jj.,-.o J';,‘a..so/,Z
From Prob. 12.8-

lg = Es ab[(?sse&ng gl S‘;E_] . Y= Rasngsing , 2= %oss
Si ‘f. t
Ly = Bab [cwsg Sf. sinZ |

2 jRCy‘Sinpsing +2os6) dﬁ e’

Ng = &- L% coss GSg + 5’;(3@8 sing — Jz Sing 1
=3 E%L[Sine SJ\'(‘—T §¢£__i’- ]
Ng = K [——}?gings X tosp ] eitYSESRE 2 030) dyrd2’=0

E..__o

Fo = ~JESL erzNa] —-;*QBE & [aos,asmne)

Bo & ..ka-'J - o E.C : SinY Sz
g il il TG 15 JE%E!*—_ [-ose sing SLX 2=

sSinY sn&J
=

Hr >0

He ~ -Eo/z

Hg = 50/7
b. Ea--don MS-—*ﬁan“aon=$Mx-'~My_0 Mz= E,

Ha= -8z £ Jy=Axta=dx(-ds Bo)s-GBe 97, =Je0, Te= -
From Problem 129
= ~Eab —JMQHE_

- el = = (Gntinued )
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12-12 (Gwtd) Lg =0
x = &bsing cegp , z=¥aase

o "
Ne =§§ C T Cost cosp -%dseg;nﬁ?—{gsmaj oTRexSingCasys +2°@38) 4.,
Sa

= -%& ab[Gsg cosp. SINX SNZ T
= g( [._ 1 S‘lnﬁ'l" )‘a &)Sﬁ | ejka’mnﬁfb&,ﬁ'-bz’cbr&)dxfda,«
Sa

Eo s SINX Sin
7 ﬂ.b Fgmﬁ s TJ

1]

Er=0
E A —J _&]?hr[fﬁ -]-QNQJ J‘kq.bgge [C SBW Slnx SlYli‘.-

Ep =) e‘)" “e qNﬁ]-JkQBEEEJ [—-(s.ne-\-emﬁ}‘smx &ng’]
Hr=~o0, He -—-‘Eﬁ/? H,g-v,t_:e/,(

c. Umnj & Gomparison between the fields of Prb12.8 and [2.12(),
We can write by rt-ferr-mg to the fields of Problem 12.70 that

Er =0
qbkE.,e Cos sin2
Eo = J———- [CCosﬁ+s;ne)ij"'—,—)-a_ ]
42 e) cos Y
By M&Qh—gL[ Gse-sing 27 |

= Qg Sing ..%cws Hrto He ~- E;s/?( Hg EB/)(

d. Using a Comparison between the fields of Prob 129 and [2-12¢ b)
We can grite by r‘e‘fen—inﬁ to the fields of Roblem 12.11 that
E-=0
Es & ,kabr:‘oe [CQSSCbSpS Sinx . _CoSZ ]

8r (B> (2)*
= J Qone_} (‘“’(Slﬂﬁ -‘-Smg)_St“X e ]
X (2= (W)
x =8 sing-cosg . z= %8 cosp
Hy20,
Hg = - Eﬁ/)z
~ Ee/q
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1213 E, =0y E CoS(x) S Ms=-NXEq= Ax E, os(Xxr)
Thus Mx = E, COS(?I‘I’) M):MZ- =0
bj2 s s .
I—O = [ Mx o368 asg e)k(x Smec,'osg+a{ Sma&‘mg)dx,d&,

~b/2 =0/

= K @se C&Sﬁf Cos( X) ejkl 3"18WJi,'(‘H’“ejkafs*me&"mﬂd&/
2b/2

A /.
Smceg Cos(E) RFIOCT, | may SO0
o/ ( (Tr)a.

b/ chpia ; H 5 >
(w e)kg smasmﬁdg.«___ b St_\?t o %QHGCBSP', Y=’-§%Gmasmﬁ

then L= —TTa\o

CosX Sin 1

E.| Cosp-GS
e j2500‘—-(-;5)’- Y

Similarl#
bla - 0/2 JRESING (oS @ + Y/SiNesing)
Ly =( ( ~ My sing & =

Lo Loy
: TSl bl ky/singsin
= "'En sing (CV COS(ELII’) ejh’&ﬂﬂ&ﬁﬁolx,f ejkg npst ﬁdg./
—ql’l- e

~ 4+ Tab g CBER L SULE -
Lg,_q- E"[SY‘PLX)’-(E—)“' Y J

o 59 Bofrta <o ) -5 < 4y § st
:Ix Jz=0, ‘J-g 7( 5= Cos(gx’)
Ny = f bhfw}& Cos® sin‘;! o RO/ SiNBCosg+ Y ‘sinpsing) dxdy”

b/
XS @S cinbSin
%{" CosesmeS£ CoS(Tx )e’k Zl’ Cb/z_ )kS ﬁd@/
=+ n&on [’ Cosb Sing Co8 % .. Sin Y ]

=) Y
b/:. JROX CoS SN +Y " SMOSINB) | /]y~
Ny = { I ( Jyaspe’ S ok

=+ Tto.b Eo cos Cosx SinY
e tosp B S0

(Continued )
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12-13 Clnt'd)  Using Clz—lom—(tl—lof), we con write that

w0

B m—J.@ [L -H[N ]"‘*Jgjﬁ:"———[&nﬁﬂ'l'mﬁe)(x) (x“.) SmY

= kej 3
Ng =& E.,e) CoSX SimY
L lo~TNg ] = ) SEGES [cospCrvase) <ol 1
Hr =0, He‘-‘=‘5ﬁ/’[, Hg = Eﬁ/vz
12-14 . a=4n, b=3A
a. From Appendix T
Kb Sings = 77 s =Sin' [ 25T = sin'[ £Z7).]=54.785"
@ = 265 = 2 (54585) = 103.57°
b. From Appendix I, at b ginge= 77 = E, = 0.12833
or Eg=-17.83d8
£ e Il O. 4-43 9
C. @n(E-plane) =146 Sm( ) 168" D, = 4253 SAE 2208
@n (H-plare)= 114.6 Sin ("—{—3)—12.72" 16.98(12.72)
From Toble 2.1, Do =10.2(22) =(0.2(3)(4)=122.4 = 20.884B

2- 3 =b= 3A
/5 UZInﬂ ¢ 12"3’7) D.= ﬂab - 4Am(3)*=113.1 =20.53dB

Using the Computer program at the end of Chapter 2.
Do=119.46 = 20.77dB

12-16. a=b=3A
Using (12-37), D= REab=4m(3)*=113.| =20.53d5

Using the Gwputer program at the end of Chapter 2 .

Do=119.38 =20.77dB
12-17. U&nﬁ the Computer ijmm at the end of Chapfer 2.

a. o=3n,b=2x ; De=62. 437 =17-954B
b. a=b=2372; Do=%3.174 = 19.69dB

Llsin_tj Table 2.1
o. QG=3A,b=2A; Do =0.8] (4T)(3)(2)= 61.07 = I'1.85dR

B - a=b=2 A ; Do =0.8] (4M)BX3) =9l.61 = 19.62d13
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12-18 Using the omputer program ot the end of Chapter 2
Q. C\:S}\,b: oA Do=63961=18.06dB
b. a=b=3x 5 Pe=94.306 =19.754B
1213 a=3a, b=2x
®h (E-plave) = 50.6/2 = 25.3¢°
®h (H-plane) = 68.8/3 = 22.93°
®n (E-plane) = |14. 6/2.= 57.3¢°

o
b
o
d. ®n (H- plane) = 171.9/3 =57 20°
€ Eg (E-plane) = -13.26dB

£

Usi

Eg (H-plane) = 23dB
'nj the data from Fijure (2.13 and 12.14
@ (B -plane) = 25.6°
@n (H-plane) =21°
@n (E-plane) = 60.0°
®n (H-plane) =60°
Ee (E-plane) =-13.26 4B
Eg (H-plane) = 26dB
12-20 From Fljw'e 1215, for a F0% E'h(ICIe'nC_y
M= 35 SinBg 3. |8 rbsm £
For 61 =37/2 =185°

a=b= 2¢-18) = 315
RSin(18.5°)

1271 Ea"aj E, CoS(3-x7), Hq——ﬂz-,z CoS(Fx/)
Wove =3Re(EX 1) = dz 21 ol o5 (1) d
Pra=2 {7 15F o5 (Frizay= B [, [resEa,,
biz J-Giz
Prad = 'Ef;':[b [x4+ 2 Sln(%%'x’)]_qf,_ = ablEola

From Toble 12.1, at 6= o g o4
Eol ey =j 2 RE MG 2| L, o L L-b_e_asg

“h o N U o

2mr 2mr
IE o = /| Bl Byl = Bl (RR)'S Unox= 37 1El gy (2;(%);%%

_ AT Unox _ AT[2(ab*(E*]/Tnn] o
Do = Pud. ..  abiEl/4n [ b(%5%)]

<
Aem = %Do = ‘T%(ﬂb) ='% Ap =- €ap Ap
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Do = & 41r(ab)_5 AT =
ap *(e )_
a. Trlangular I 6qP =75, = 3/4
Do=2(Z) =1.1781 = 0.7018 dB
Do=1.1%8| = 0.7118dB
b. (osine Square Eqp=66.67 % =23
D. =t B = 3(5)-F=rourz = 0.248
Do = 1.0472 = 0.2dB
1223 D, =2348 = 10*3=199.526
€4 =CcdC =09(Y =09
Go= €t Do =09 (199 526) =179. 5736 = 22.54 dB
=S 2
Ae\‘n:%ex; Doz%['(;fo
Aem = 2% (179.5736) = 2 /79.5736 = 128.6] o™
A= 3x108 = 0.03m =3 0m

10X 10
€ap = Aem _ 12861 _ 0643 =64.31 %
1224 T-P_ o Prad=I f=10Ghe

0. A= 3XI0°ewls = 3cm
10 X107 Hz #1 st 22 Lood
A=09"=2.286Cm = O.T62 A -
b=04“= 1016 (m = 0.33FA .

b lokm

Power density for isotrepic source ;

Pod _ | Watt = 7.96x10'° W/m*
: ATR* AT (l0x(03)?

Durectiuiy from Table 12.1,12.2

Do = ATab]= 2 (0.762)(0331)=2.63

I“Cldt‘nf Power densit
Wi = WeDo = (’7?61%0'°W/m 1) (2.63) 9 Wi =2.09X13" Wm=

WQ:'-

b. The maximum power that cun be deljvered to o matched load-

A@m = EQ.P AP = 08[ ab - IBB X(o“‘*ml
Pmox = Wi Aem = 2.09x16 TW/m2)(1-88 X184 m*) =3.94x10°wW
Pmay = 3.94 X163 W
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" kr
1225 E= QQJM Sm({@se) s WU el*{ &b Sin(k Cose)}

BbeSB 4mr &b
iRr 2 S8
Q. I, 6
E = J%re— he (0)
he(®) = - §y b Sin (kb oss ) =
] ®2 dbso %
b. he®| =-dob sinclecoso)) _
Max & oo lw--d‘ebﬂ)
when Qcose =0 3 B=0°
C_ _,P____ Ik{ﬁ)'g:“tll %
[he(o)|*( & (2
EMC= b jp kLt
r
c ;kr
| het®) EP<|*= leaow rmq“‘*“ mjf / Ly = o 1y
|he®)|*=[bl* & ~
™1 50 '(i“é‘smcl "Z strrl
P= i ol =1= odB

ey
1226 Aem = Zﬁr"D° = [og| ab-(££)] = o8iab

Aem = 0.8]-(0.02286 Xo.0106) = 0.8] (232257 x10 %)
= .88 xlot m>

The moximum power that can be delivered %o
matched Loodl
Prax = Wi - Aem = ( 104 watts/m=) - (1.88x (6%m*)

l. 88 X 108 watts . = 0.0188 uWaftts
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907t & enpainiHaeares
Q. E_az{,\

dy 2B, (-5x%1), QX €S

Ms = -2fix Ea= —2c‘igxd‘j Ey = Ox 26y

MH“ME =R =Jy=Je=0°

My = {255(%,:1*1), “(xjg;
2B, (-2x4 1), O<x'¢%

Fig. P12-27¢a)
Uswg R -12a)=(12-12d)
Ne =Ng =0 0 % i
Lo = (fTMxGsecss « Mg st sing —ag Sine 1&g

b( (© 1kx’SING (oSP
Lo = 2 E,Cest aasy[ i g (2xz+1)€ d?
=%

oa /SNBSS ey’ SinG Sm P
+[ U2y pix'Snest 1, 1 i dy”

o
» “ - = \5‘“ _i. & L Slnestn )
(Cohysimsing,,, - QOIS STmEsanEg WL g
[}

jk sing-sing L Sing smg
3 jha/Sing @sg 12 X/Sing Cosg
g sha'sing s, -2 dx
Eq(éx’-ti)e’k : [ Gx'+1) J A sine ese a[ Jhslne cosg :l
-
i = e,kx SmGCosﬂdx» .
B o1 kx/sing cosgf
du= 2 dx’/ o
jkSing &g
: : -1 T @S
[o (%1’+i)ej‘hﬂgnamﬁd1f:{ '—7'1-'—" 42 [—i"eJ@Slne ! }
a/2 jksine CoSF "% (g sing Cosw)2
Similarly
N.z( i 1 ejkxfs‘mac.:)spax,_{ -1 +2 Ci- eJ%{'SmBCoS;z]
S agxrd) L jksinbsg ~ ¢ (Raing cosg)*

Gombining terms, we @n wrile

5Y SinY, SmT } 2 Zfl~COS(k—Sma cos@)]
|g =2EoCosg Cosg {b € (R Sng Cosg)>

Tsm‘f 2 sin* (k2 Sing Cosg)
= Cosp-e’
BEO( )CDSG e d (RSiNG CoSR)*

Le = abE, Cos6 Cosg €)Y Sy . Sin*( kasingcosp)
(k2 sime cosg)*

,ipe %l’s‘me\sinﬁ

Slmnlwg
L,z ﬁ [-MzSing +/M¢ Cosg ] eSSy o/

( Continued )
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. e bEeSNG &Y sy, Sin*( %8 sing s#)
Lgaan e Y (Rasins csp)”

The electric field Gmponents ave obtained using (12-106) ~C12-10¢)

Thus Er—-O : L% )
& B a Eo 5 Y sinY  sm*(ZF Sine sg
4 [L¢+W] =N S LT e (&a.gine- Cosps )™

ke’ [Le 'lN"] _\“bE°eJkCosecw¢e’73$T Sm“(%ﬁmneasg)
( 4 Sing - cosg )™

Af.‘cordmj C!2 13&)
| Bl ab) {(Smg.rcos‘ecwﬁ)[s

Y. sm’*( Sing CoS®) ] }

Ao = Ty (%Sne oo

& s e (ab)t
MO8, = Mmaw(8=0) = JmlT

Using (12-370) o
= b 0 i 3 £, b gy ) .r+ [/ /
Prad = % Wi ds-lf%l (] o (Zxt)axdy'+ ([ ¢ 3ateg) decdy ]
4] 2.b
Prad = Lf_,%ﬁ[zb LV (B} = 1B
D = 41 Unex - an [ S (5)'] - 3rab
%d lEol G.]o

Usfnj (12-40) 'srz

A nE 3rrab §. 5=75%
Aew o4k Do . A = 0.7
“P" Ap. . o0 Amb 0= fmab R

as compared to 81% for the cosine distribution.
b. Eq—a“EoCoS (Zx)= a‘}Ea_
Ey = Eo (oS (Ex!)

Ms = -2fix Ea =-20z XaHE =0 2Ey

Jos I Ja=Mys= Mz =0

My = 2Ey = 2E, CoS™(TX’)

Ng =Ng =0

s = gg My Cosé Cosgg €

COS"PdS/ .3 P Iz, Z'le)

R/ SN Ces L’ “ky/singsing
L = 2E, Cos6 Cos& Cos*( ’rxf) e dx’ L, o "‘b‘
~ 2 T
A =7 Ekbsingsing (Contunued )
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12-27 (Cont'd)
USinj the identi ty
f X cog ‘@) dx = 2p"e™
€™ Cos @) X [+ (36)°7
We can write that
f%" | fx/ 8ind COSH‘ J(Ex,)dx o. T2 sin(t—ﬂ.sinemsg)

-a/2 * W3- (RGingcosg)™ K4 sing cosg

- 2 N ¥ e
2 %‘%—@;-s-‘—,—f—-", X = K4 sine cosp

Thus

Le = abE, GS8®sg Siny sinY

T (x)*“—‘ e

. X=kasinewsp, Y= KR sing Sing

Ino similar manner

Lg = ﬂ‘ My Sing e]kr’CoS‘{-’ds,
=Sa

L Smx SinY
L¢ = ‘_Gb EO S"“ﬁ Trl {x)a. x i Y

Thus
E‘r =0 h l
s T2 Sinx Sin
Ee=-) ke [Ls: ?){] Ob = sing TRV X N
Eg _Jke B 1= abE Sikr TS X” ST
T = v!mf; =) 225E— aspasp —— | S =

Ues,p) = (ab)* Bl [Sinip + Cosg Cos’y ] T2 Sinx SinY

—_———

9‘1 A mMa= (X)"" X Y
= k“ sSing sg , Y = ko S SNG sing
Mmax (6=0) = @D)* IEs|*

TES
Usinj (12-3%a)

“‘1 bl Ol e L ’
= IEo|* 4T ) dy'dy' = —— CoS -;1)6,1
Proa = nge'd- b i ] f ILLV as*(&x) = 2N J-op

S a/
Since j * cosH(Fx )dx’-* 3a
~af2

P 12 _3___ GbIEa,z'
ra

16 ’z 4“.[ ab) lEa] J = 8“' ab

D = 4T Umwr = 8n S —-3—'-' —_—
. Prad S ablE|*
Thus e D 1€ i 7 ?\:. grab _ 2 a5y
i, LR .41]' 0 = = z — e : o‘
Sap Ap ab 4Tab Do = ATop SN »d
GS Compared 1o 8! % for the cosine distribution.
(Gmtinued )
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12-27 (Gontd)
iy Ea= &\j .Eqo-CoS (%"xr) (03(‘—‘;—&').—_- a’Ead E3'= E 6S (Xx’) CoS(-Eg ,)
Ne =Ng =6

bz SRE
LB ZEoCoSB@Sﬁf @S rrx)ejk’csmecasg [CS_(_&)eJkysmesmﬁd&/

= 26, (S0- CMEIZEACOS(_E./)e’ky&negmﬁdg ]

2B, (56 Casgab gy 1 __C°3>< GsY.
X3 ()2’ YL(JI)A

X= %‘isine @sg, Y= Rosingsing .

g [ _(%9) Cos ( Eésine‘cosﬁ)]

(% sinocesg)™ (L)*

In Similar procedure

o x* XY gosY
L T3Eagine 0P Gu el
The fields o B ‘
CiRP = a Eo o [}
it RES
. keitr ka-bE > 2) (oSX
Eg = J41rr Lo |2 sk mﬁ'(% %——(E“‘ %(_’%’_
Umex Occurs at 6 =t B
i \ 1@ T-z. z 4 |Ee =
Umax —rL—L—EL 27 (a7 )(' )—w&“ﬁ a*b
USma_(l.z 3?‘1.) b/ x
£ ! T /d Gl .r-' 1 é&
Prod = € Wage-d's = Yb/s.g i, ;;3 oo
Prad = %7’ ab, Thus D= 47 Umax -_-.4"[# G blz 64 ab
hem _ D2 D i Bol* g m A

= An = 25Do= At 64 ab P14

—

Atab T4 54T T e
é‘*l’“‘—“"‘-" 0.657 =65.7

d. E.= & E cos3(Fx) 05’ (Fy)=8yEy , By =B 8™ (Ex) oS (F )
Using the coordinate system of Fig.12-15¢h) and +the same. procdure
GS in P&ri‘(b), we hauefhw{} Ng =Ng =0

= 0/ vhx/si b/a. *lou’S] Y
Ly = 2E, Cost Cos,e’[a/ G5 (Fx)IRESmoEs, | L}L@Sa (F4) oIk S'"ﬂsmﬁ o
(Continued)
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12-27 (Gontd) Lo = S2E cosp URes <M SSomE  Sin
b T: e "—(XJ‘ POy e b
& ap 'ﬂ“ SmX smY jg
Lﬁ-—- Eospﬂﬁ T (x);_ Y (T)a. ‘L-—' Y X G{V}SCOSQ'

ThU.S one}hY‘ w2 T Sin X SmY Y*— 4—2—’-8(“3'8!\'\}5
Ee=) ““"“M T T XY
_ s abEE) = EE o oS e
Ey = J—-—rfb&& CaSg TZ(02 T=(P* X
= (ab)*|E| T sy | Slax ginY
UCG ﬁ) _..BT!-)?-—-—— [\SMJB*'( N G@S‘:ﬁ] T=(x)? -n-.a. (Y)J. )( \1/

Unay 0urs at 6=0°  Umax(B=0")= (A" IE[%/ (327 A*)
Pod ==t [ Arg el
d (oS (axf)dx’f CoS (—F;')dg («-f Ces"'(-—x')dx’- Sa)

b A7, 8
SR ae (ah)*|E, (27 tévab
o uev*"Thus Dm0 4”[‘;"3,,',@'} 4 eblel o

éaﬁple'm: a‘Dt:.\_ A* = 7\’" ID
P AP % ATab 4Tab 16?“?\&* "?-244‘44 7

1278  0=0.9"=22860m = 0.763 A
b=04"=1.02 cm = 0.340L
Q. Us‘mg_ the Computer program at the end of’ Chapter 2.
D= 4.264 = 6.2784dB

b. From Table 12.1
D. = 0.81 [4W (0.763)(0,340) 1 =264 =4.2174d8B

12-79: * lo=¢.42" = 1.0676m = &Fh X~
b=0.17"= 0.432¢(m =0.2882

8 US‘nng the Cbmpujrer proarum at the end o:f anaFJrevz
Do = 3.981 = 5.9994dB

b. Trom Table (2.1

D= 0.8] [4m (o.71) C0-288)] = 2.084 = 3.1894B
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12-30.

1231

O=09"=2.286 cm =0.7620 A
b=04"= {.0/6 om =0338TA
d=085A

R. = -30dB = 31.6228

£ = 10 GHz = A=30x107/(lox1et) = Scm

Dt = De Da
De = 0.81 [ 41 97—\‘,?;] =0.8] (4m) © %207\3\20'33877‘) =2.6276 = 4134748
Pa= 2R.™

L+ (Re-)F 2
f= 1+0.636 { & cosh[/(cosh'R,)-Tr* ]}

= 1+0.636 {‘8?6_.8 Cosh[va.1468)*T* ] } = Lig40

osh'Re = cosh™(31.6228) = In[ 316228+ {(31.6228)*-1 ]
=In(83.22%1) = 4.1468

L =3(0.85A)= 2.55A

s 2(31.6228)* w2 150009
1+0(316228)21]0- 144) —D—e
((3L628)=1]0- 44 7rtamin |+ 3361346

=5.9323 = T7322dB
Dt = BeDa= 2.6270:(5.9323 =

D+ = Dw (Wavequide ] Da [arrayl
From Table 12.1.

Dw = %1[411‘ %—]?_-] :0.81[_411'6‘—&)-

15.5843 = 11.7267d8

b=04 =337

A = _30X10Y = 3cm =1.1811"Da= -—9—7\ 0762075 O={7an

1w x 109

Dw=0.81 [4T °-”52°’;\£"'339"7‘)] =0.8(3.2427) 22.6268 = 4.342d8
Da = T (0880 Dx Dy 16020,7— ™OxDy (¢ From eg(6-100) )

Dx = Dy = 2n(d) =2(8)(%B32) =136
Do = Dz Dy = T (13.6)(13.6) = 581.069 =581.07 =27 64248

(¢ From Table 6-7)

Dt = Dw: Da= 2.6268(581.067) = 1,526.35 = 31.84 dB

= 4.15420dB) +27 642 (dB) = 31.836dB

244



1232. The resuits qunbe obtained by using a Comparative anolegy between

1£33.

the fieldof a rectangular aperture when not meunted and mounted
on on infinite ground plave. These are listed in Table 12 .1.

Therefore We can write that thefields of the Circular aperature of

Section 12.6.4 , when it is het mounted on an infinite ground plane,
are (by using (12-530) -(l2-53 )]

Er 20 ~

Bo =) f—a‘;—Eﬂ_‘E {(HCOS&)Sm;J I:;i%?.@ }

Eg= ) ﬁeﬂj— { (1+CoS6) Cosg . Ja(kasing)
v kG sno

Hr =0

He = -Ee/n

Hg = Es/n

b .5{2 T4 &) sing?

Ba= E 04 &) osg’, =57

Ez =0
Using (VII-Tb)
Ex = Ep (oSg’~ Exsing'= { L %u &) sinag’- ]'t’(j!tu’-g)s‘mz;z’}
‘J =EpSingt By @s9'= Eo{ETIl % &) sife’+ (%, L) Cosaci’}

L =M eihﬂ@swd o ™M yke'Gsy do‘da ”
y g y s ;S ye o’dp‘dg

LX i3 [S Mx ejkr’(bslf'ds/=£§ M( ejkeffosqbf,de;dﬁ,

Q

M = -2R X Ea= -2 02 X (AxEx+ &y Ey) = -&y2E, + Gx2Ey

MJ;= 25; » M'; = -2E«
J=0 2 Jx=Jy =)z =0
There fore

La E° [ f { I(‘Xu O_)&nlﬁ I(%n%:)&nzns’} e)k‘\’ Cosq;e deldg;

E“LJ;(‘X« -3_-) { L Sinla"&im Cosq)dgf]' +E°L J o %—)L&tn.tp el kf'“’s‘!’{a,dp;
( Continued )
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12-33 (Cont’cl) HOLU@UQ'{"

am . 7 l 2T, ,‘Si @S(a

AW 3 :
“L @) RSB GS(p” ) -2g57) dp }
letting g-p=g = dg’=dg , we anwrite
. ¢ ’
e e o 4 ‘ ;
L= 3 ‘l em‘,( ejd:e &nems@+;@)d@ 4 ]:uxr e,(kgfsma@s@» 2@2;@ 1_

with the aid of (V-35), it reduces to

L= ;LJ (re"'qztr-]}(hg’s‘mg) + 618 . T, (Rp’sine) 1’
Using (V-10) wean write it as

L= f:'slmpt e RSV g/ = _amsinag TaChp’sme) | Thus

Ly= Esar sinag [ ‘¢ Talke'sne) [3: 3,06 %) - TV O Ly ] de?

Using (V-1%), it reducesto ;

Ly = UKL £ (%05, (lgysine) Ta (24 5) e/
Q o
Since yxjp(ux)]}.ﬁx)dx: ¥ Jp(owx) Jpy (YX) =X Jpy(x) Jp(¥x)

then - Y2
E(_;M‘ [ i Ja (Rasing) Tk ) — kasing Ji( kasing) Ja (i) 15
& ( Rsn8)*— Xu/a)*

Because Ji'(xi)= ~Talatd) - 5z JiCx#) <03 Tl ) = X{ Tul )
Lg = fJNQ-Eo'SEHQ-ﬁ Eﬁ‘—ﬁ) { ‘(.XIfjaI:.('kﬁSl“'ﬁ) - Rasing 7, ( h&S‘I.MJ }
g | ~ (Rasing /o )2
Using o similar procedure , it can be Shown that-
) ko’ il e N2 / ’ Jep ;
Lx = ST Mx elk? Ces q’Pldefdp.l: 2E,. L So {g—;]:(x.f &)Sm ﬁf.‘.)'l (X“r%_) COS"H’]' e'kf ’sfc‘{d’_

Ly =

23 (xi)* 2 2 T4bne

= ~Anra Ji(xi)Ee [ sin 3, (kasing) [RaSING - gacive 1 — S & (X0 ™ Jilkasne) k
e [ L~ (kasing/x)* ]

Le = Lx 0S80osg +Ly s sing , Lg = —Lx Sing + Ly @S¢

__ ’Clas: . J,(kasng)
Lg= ATAT,(X()E, (osh Cosy O\ (Rasing 18 e Ang =
l‘i-(kﬂsmﬁ/xﬁ)l] : Lp" ATAJ (i) EoSing Rosing
Thus  Using. (12-100)~(j2~(of ) Hr >0
Er >0 naiRr J(hkaSing) e Py
Eg » PRI sing =3 Gng Hg = Eo/y
~ - REJx() €K J\Ckasing)
B %) r S8 (oS- | “ckasme/xd)?]  (Conbinued )
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12-33 (Cont'd)
b. The results Can be obtained by using a Comparative dnalog.y between

the fields radiated by a recfanjular aperture when not mounted and mounteo!
on an infinite ground plane. These are listed in Tablel2.1 . Alse Compare

Problem (2.32.
Therefore we can torite that the fields of the circular aperture of Section

[2.6.2, When it 8 not mounted on an infinite 9round plane, are
Cby using the results of part @)

Er =0
Vd "‘hl‘ * H l_.o
ad £ 0, Eomf?(n)ej ; &Chd&ﬂe) r
Ep = j #aEo 304 €% (1 cose) cosg_TiC kasin®) Hp = Sosy
- (1~ Chasine/x( )]

12-34. Eq= Gt sing (1+cose) 1)

Eg= <& Cosg((+Cose) I ¢F)
1- (F/xi)*
Z = kasing, Xi{=(841 , J/2)= Jo(&)-T(B/Z

Ey = [dy- 3% (14+co50) + A BSL (1+ o56) ]
= I+£ose [ dy Sing + Qp oS
E. =(dy Smg + Gy Cosp Smg )

— (G smg + dg Cos2) . .
s YV Sin%g +cos™B PR e
& = dysing + Gp Cosd ©SP
V sin'p + 5% &5
: >
PLF = | G- G| = | Sin*8 + Cos Cos™ | = ( snP + cos6 Cos @)™
JSwie 1058 Cosp|  SINB + (056 8K
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12'35_ Usinj the computer program at the end of Chapter 2.
&. Q=05A 2 Do=1.24 =l0.51dB
b. a=15A2 D =92.704 =13.67dR
c. a=30A> Ds=357.278 =25.53dB

Using Table 12.2
6. 0= 05A 2 Do=(ma/A)*= (21 (05)] *=9.8696=2.943dB

b =157 D= (maf)’= [am(15)1"=88.826 = 17.485d8B
C Q=307 3 Do= @ma/n)’=[2r(3)] 2= 355.306 = 25.506 dB

They Compare quite well except for a=0.5A\

12—‘% USi“ﬂ the Compuler pFijqm at the end of Chapter 2 .
6  G=05x> Do=1.264 = (0.517dB

b Q=15A3 Do=%3.197 =17-6%4dB
C  G=30A D Do=3568|5 =25524dB

1237. with ground plane
Using the computer program at the end of Chapter 2.

Q.  G=0.5A D Do= 7922 = 7.966dB

b. a=1.5A > Do =T5.16]1 =18.757d8B
(oo A=30A D Do =295.096=24.6797dB

Usinj Table 12.2
4. 030.5X S Do=0836(2Na/A) =0.836(9-8£96) =8.25| = T-165dB
b.  a=L5A> Do=0836(2ma/A) =0.836(88.826)= 74257 = 18.T07dB
c.  6=3.6A D Do=0.836(2ma/A)=0.836(355.306) = 297.036 = 2%.7284dB

Without Ground plane
USinj the Computer preqram at the end o_f Chap‘ter)_

Q. G=05A D Do=8824¢4 =9.457dB
b. G=lL5A S Do=75.9458 = (8.805 dB

C G=30A > Do=276.957 =24.7274d8
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12-38.  From Toble (2.2 From Figs. 1219 2 (2.20

a. HPBW (E-plane) = 23.2/i 5= 1§47° HPBW =~ 20°

b. HPBW (H-plane) = 37.0/1.5 = 24 67° HPBW 2= 23.8"

C. FNBW(E-plane)=63.9/1.5 =44.6° FNBW 24%°

d. FNBW (H-plane)=$8.0/1.5 =65.33° FNBW =~68°

€. FSLMM(E-plane)=~IT.6 dB FSIMM =~ -I1dB
f  FSLMM(H-plane) = —26.2 4B FSLMM & —28.5dR

1Sy Ea=dy Es[1=(e/a)%] =My = -20xEy = 63 2K [1- (0/a)*]

Lo = H(Mx (oS Cosg + MNCose sing -—;{ﬁg‘mb) ejl-zrfcgsq;ds,

- 2E Cose COSQI g {[! (ef/a)é-J [ 1k€’slﬂs Cﬂsﬁ dﬁ/de
L{smj (V-35) it reduces, after S‘epam‘cmg (nto two mtegrals +to

Le = 4ATE, Cost cosg [ ( "0 T Cke’sineydp” — a'zf@'o (p’sine)dp’]
Mahinj a chanje of varible of the forim
X=R)'SiNG 3 dXx =4 sing dp’
We can write it as 5 ' : it
Lg = ATTE, Cosh Cbg,esl_'f e’ J, (R sing)dp’- a—;‘mg xajoa)dx]
2 (o]

Using (V-22) and (V-24) it Yeducesfo

Ly =o8wa*E, [cosp sp e ]

Ina similar manner, it @nbe shown that
hr CoS 4, L o 3-_1( ‘kﬁSlne)
Ly = f( [“nglﬂﬁf‘t‘Ma Cosg] ) ds’= -8ma*E, [S ﬁ_—‘—_ﬂ(kaﬁne)l

Since NQ:M‘g =0, we @n write the radiated fields , LLStﬂj (12~10a)-(I12~lof),

0SS E,=~o 0
Ep 2 jzkalEa-e—}—kf-[ Sing Jéfatla’sge)]
Eg ~)2ka’E, . e’ " [ coss cosg Jl(ba&ﬂﬂlj
(RoSing)>
Hrﬁo
He = -Es/y
Hg &~ E
= m (_Continued )
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12-39. Gont’d)
b. Following o similar procedure, it @n be shown that when
Ea =6y B [1-(e%)*1™
the rodiated f—ie\d are gien by

Er >0 L 1‘ g I3Ckasing)
Eg >~ il6 rQ* Eo St
B (kaSmB)3 ]
Eg )6 ‘halEo'?' "[coso Gos@_T cleasing)
(kgSmG)S

Hrﬁo, Hg"‘_-—Egs/)Z : Hﬁ ~ Es /n.
1240 Ea=G4 EU=0/a) 3 Ms = e 25, C-pa), T =0 Mo, Ny=o
i ; RYCo & i Q s (2T ke‘sing Gs@-p7)
Ly = ([ Mx cosbcosy e ri:vds r-zs,cwec sefg p'C %)foe ¢/sing s df;(
Us‘mﬂ ez_(lQ-—4g) go Eikf’smecascg—w)de,z: ZTI'J—oGt(’Si”G)
Le = 4T E. Gso coss [fqeffo(hg’sina)df’** (0727, Cgrsind) dg”]

Lg = 4ITE°CoSBG.\Sp‘[_e__ Ji (h[fsme) f & J’,,(ﬁc ‘'smé)de” 73

et X= =g 'sing ~p'= _{w:_ne' > de’= mma dx

kasing
Lg = ATFEoCbSBCGGﬁ{kS g J1(kastne) — ng ek *J;Cx)alk]
USm& ATy 27

i asing l kasimd
|y = 4TE, CoSb osg {k—%i—ﬁéj‘(mna) =X T;ecsi) + mg XJ'.(x)dx}
& % : Sind ~kaSing
= 47E 656 503/5{ Zson J' mg) = ma)((kﬁtmﬁ) =+ k Asin J'o(x)T f ]- (X)dx ]j
\ :
Ly = ATE, (056-Cos@ {mj'otka&na) +C J;(x)dx}

kaSing
[ Joldx + This cannot be evaluated in closed form.

Lp' olso has sawme, except 'for fv-on‘L' term .

4Sin &

L= —4nEoSmp { L Chusing) + (g 00dx )
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2 <L A Sioy
1241 Ea d\e € in(bla) E' &PC where & € nbla)
Ms = ~2AXE, = - 2.6z X(-4p 737) :@-2.% SMy = '3@9;

Thus US'mj (12-42¢)
Lo = “ [V%OSQ cos(@-g) + Mg (osB Sin(B-g) - M’; sme} elkr/Cesg o/

=2cC COSBLA [ Smw -57) e}”’siﬂecﬁfﬁ-ﬁ’)dﬁ,] de’

Because of azimuthal symmetry, the field is not a function of .
Choosinj ®=0

- zc‘cmfab - f:“smw QTk'SINBCeST 5 1’ = 2.C st Q’ (01dp’=0
e ﬁ. [—'wos‘mfﬁ'ﬁ') + Mp(b&(;x-pf)] e}flr’(o&‘l}'ds,
_.zc g [( oz @RS OE  Tdo

o= ZCL [( Cosg eikfsmﬂﬁﬁﬁdﬁ/ .._f Cosy’ © jhmeG(bsﬁdﬁ ]d@,
<191'.’ 2" ¢ T ng# dw/‘)
Lﬂ le rf@ﬂ@kf,slna@sﬁ dﬁ [‘ Cosgrre ;k{sme Sg o[,Gf’]d()/

=2c L [3:thsing) -, -he'sine) 1 dg”= 4C T, Chpisime de”
I)y usiva (v-36) and CV-10). With the aid of (V-23)

= -4C [ a= ( To(kbsing)-To(kasing)) ]
ksing
If however the Slot is very thin, Ly can be approximated by

b
Lg = 4C QJ’.(kftina)df"—-A.c Ji (ha'sine)(qdeﬁ 4¢ cb-a) J; Cka’sing )
‘-t)here o= (of.;:.b)
Using (12-10a) ~CI2~10f), We Can write the radiated fields as
Er =0
13 sk
e _Jke’ r[Lp‘HvdAB ) "[‘J'o(kbsme) Io(‘kO.SmB)J

+J mr snbé
reikr Q-*dci"‘:‘?rﬁ@i. Ji(ka’sing)
B =t e (Lo tia] =0

41r

Hr=o, He=-Es/7 , Hp= Ee/yg
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17-1,7 Us'ma_ Fijure 12.21
u= Rasingy = %EO.SH"IQ\ 33 = ‘2%53.1)(\30,)‘1-05%
1203 u=kRasingy = 3E@AISING0) =4.298 ~ 4.3
Using, Fijurc 2.2 = Beam eﬁ’{ciehCJ = 7~98%,
1244, a. Fra Squc\re aperture Bce=0ch. Therefore the optimum dimension

= 7\ = =F7:,
a=b _z&m(w} 2 g OBTA

b. The moximum dlf?d’l’dtt}; aCcoralina. to (12-5%), 1S

= _-TI—— = "'"_"_"r . 4 = .
Do S\ln"sc Gin‘-(s‘oo) 3 H 4]8?*" 6 . 22'. dB

c, The dir*ectiuitj at 6=60° |8 —3.722dB from the maximum ot §=0°

12-L, L Qs - e
> 3413 SN 3413 Sm(60°) e
b. i = -686m™ _ L 086“’ 4 w ek
D Sin?f8c S (60°) A58 3 608
o P(6=o)lm‘ = (ama)” :
P(B)\b:;%ga)’: {———2 iil‘fg“ 6) l  Pro=60)= (2rra)‘ﬂ2___—?"‘;;;i?))}
P(b=60°) = (2ma)™ { —:93—2 fo' ng T‘ =(2ray* (0. 4004)
8392
%}%‘5)— = 0. 4004 = -3 77548
be=60°
" A % A
1246 a. a- 2.7318.sin(eJ;cwz.ssss = 0.42268°
.263T ; ; 5
b. PG Is'm‘(gt) =1 :6% L = 5.2904 = 7.235dB
C. Pg)= 075 (ama)? {8J2(kasSING) y
[Lkasingl*

P(0=0)= 075 (210)* {8 T2 (x)/x= o= 078G 1

P(G =60°)= 0.75'(2ra)>. & Ja( 3T 042268 s‘mﬁ‘o")k
[ ” 042268 A. SInée]*
= o75(2wa)* {8 - 31(_? 3)/&3) } = 0.75 (a7a)*- (0.37/62)

P(8=60")

P(&=o°)\ = 0.39/82 = -4.067134 dB

§ec=6°
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1 2_ 7 Q. = A ok A o
il a 3.06317-Sinfc ~ 306317 (0. 8660) 0.37696 -\

b ' find the maximin divectiviby, we weed ko drive the far-fiew for
a circular apertuwre with a parabolic taper on - 1043 pedestfaﬂ.

La—onCOSB CoSﬁj‘ f (\l ??a) ) f}d()dﬁ
| a i ;
Ly = ATEo (oS8 CoS g [ { e’]ocke”sing)dp - m}_f pr3 Jo ke sing)de J
Making @ change. f Uariable. of the form . X=ko/sm8 2 dx=ksmede’

kasin®

We can write. it GS B . =
- hﬂs
L =4TE;Gse a:s;r{ (kSme)* g XT0VX = 20 ajhsing )* [{ xi)},(x)dx] 1

[0. )&= D00 e 200

“URERGE T (1.2090)* Wt (1.2097)* =
@' S‘X-J-oCX)dxz X L CX)"C; gxgjo()()d X= XSJ| (X) 2 leJl (X) *C )
As similiar P\’ocedure :_i(x) T ]
Lg = —4v E°Sln¢6\ E‘ Cl 20?7]‘-) Q 2.0?-7}*' i
Sykr S el ky :rl(X)
. Ee=“j%F'L/y=J kE"Or‘_ &) Smﬁ[o 316647 I +1366’7 }

; sikr
Eg = JLE:_LJ'_E’J_..COSQ-COSJJ[O.3166¢7%@2+ 13667 Iix,:

Radicted Power reduces to o
Prad = % Wwds"%zv Eb 3 ""”"G‘)) (’Idf,dﬁ
SibL. v | £ 1 gyt E et e el e

Unar = S 0% (3 (316647 %2 + 13667 J’*T,_
= IE-o|l 2 € J-(x)
Z ot (5 [@-mie) ) ( I
Do= ATUmar_ 4n ‘S(5)*(c083461). ¢, oo 4T
= 20 -T-(0.458805
Pra.d 2 'f;l 0.23615. &2 A ( )
= 0.9176| 1(rro&‘-) :
e (Co'ﬂtlﬂblerl)
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12‘47.@0““:1) - For a circulor aperture with parabolic taper aith —1odi3
pedestral, the normalized power pattern muitiplied by the maximum

dh‘ediuib; Can be writen as
Pe)= 091761 Czrra)z{ (30390.26)[03[6647—')“366’7 I’oo] }

< X=4asng
For any other anjle 8=0c, the maximum of the pattern occurs when

kaSinge = 2.0512 > @-3[664!? JiX) +|-3667.J—;(—x), has maxinuw ]

T
- Optimum Radius G = AL Snbc ~ 3.06317 Singe

DiTrch Ulb’ 18
e ﬂ : A z s 1.2_28247. 1)
D = eti%61 5 v (35639 Siné. ) (Sinbec )2
The maximum dlrecfwd‘)' with &perture rodiu s q(

= L228247-T
(Sin 60°) 2

3.063/). slhdo") s
= 5.14486% = 7.1137 dB |

C. The value of the dlrec‘['wlfj at the ec!je. of the desire d CoUera.Je
(6=6c=60°) relative *o its maximum velue 8=0, is

P(b=6c) % PCo=0)=0.9/761-(2ma)™

= 4 : A BTN e
P(G 0) ‘kﬂ.-SthC,E'- 23 %-(W‘s"m&c ) Smbe
c‘

P(8=6c) =P(8c=60")

(& kasinge = 2.0512)

J.(2.0512
PC8e=65)=0.91761. 2n) {(5035026)% | 0 316647 Tf;gf—l;)* 3857 sy j}

= 0.91761- (2w a) [ (3.638026)* [0.3166¢)-(0.27930) +1.3667.0.0865¢8)] j*
= 091761 (216*>).[ (3.038026) -(0.20672522) | *
= 0-9176( (=ma®) - [0.39443]

P(b=8c) _ 2 B
B 0-39443 4.0402979d
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12“48- For circular aperturewith parabolic-taper ilumination.
the Power pattern ( Relatwe power pattern Limes the antenna
d.'ll'ecﬁ\)it'y), 'S aiUeh b_y

8 T2 (kasing ) 1 >
o

Pe)= 0.75 (n2a)™ {

Where a is the radius of the aperture (n &Jo.Uelenﬁ’rhs, and T,
is the Send -order bessel function.
The maximym value of P®)., for agiven 6, OCCUrS when the function
[T-0x)/x] iS amaximym . ie .
Rasing, =2

7\ A
L0.a-8inbe=23 2 0= ZT_smp. = 2.7318:Séc

Do (directivity) = 0.75 2L (raY)

< A0S T
o [M}j (273{8)4 (Stne) ) >

Do = 0.75-(1.68388) mz

= 1.2629T/ Sin*f

EO0.C. (Relative power at B ko wmimumrom)

J2(2-3) 2
P(6=0c) _ _0.95.(m.20)% [8% 1
Pe=0) 0.75- (T20)*

= lo 36| [s(oore2ed)]”
2-3)

= (0.62573‘?-)L= 0.391815%
=-4.069dB

255



12-49 . a. Gne method that @ be used combines the resuits of & verticd
dipole inthe presence of a thin, plane, infinite, Perfedlg Conducting

electric screen with o horizontal Openihj and these of o verticad dipole

Ih the presence of a flat, thin, perfectly Cohdud-lnj electricd verticed strip
Gs Shown {n part b of the fijuve. The strip has been rotated to represent
the maymetic equivalent of the Screen’s opening.

b. Another method Combines the vesults of a vertical dipole in the presence
of an electric  onducting screen witha horizontal dipole in the presenqe
of a horizontal electric Condud-inj strip, as shown in part ¢ of the figure .
The dipole has been rotated to in{er‘chanﬂe the E and H-fields and obtain
the mshetic E%uimlen‘t of the actual Source. .

Vertical Eleckric Dipole :
= (o Exil s ° E.,H

ver‘l‘iCal - ':t;h;;f“ﬂ Electric Gnductor
Electric Dipole & Mo D'Fc l; :
po G./ag
o 3 wtod :
® + 4‘ [ ]
_I _E.'L, di_ E2Ha

(€) Bo=E3+Eq , Ho=H3 +Hy

€ o
Verticad Horlzonlal r. Electric Conductor
Electricl Electric <
Dipole \‘Q

Dipole &, lio
P_ e
s o s S

'E.S)tls =

Vertical electric dipole in an unboundedl free-space
and Babinet’s FH“Ciple equimlents,

7
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A 45 b/.L h-}
12‘50 & (er<:3< s

2 ¢ &
RS /2 (b 0.5
== AZEo
M= -1 X 2E = -nx(=26xE,) = a.le
L S 1
Eo=-C casg- ‘;x. Sl:/\f 5 sme .
Ep’: C CGSGSIT}/@ S\I::}}(. St‘?\r X = —-hsm,e Slnﬁ
— fr
_ :0bkE, &)
C= i
(x-2 plane Sl §
a. UEec&)IAw:Ooo%: e g

: Sin(e.1TShE) ~1
X=01mwsIin0 @S 0*=0tasn@ 7 Siny (o.1TS!E) ‘

Y=o, B

b. M,@S-—-?oo (Yy-2 plane)
|Ee(®|atg-gor B¢ O 7 Zero
X=0 > S"X/x=1
Y= Zswng > SMY/Y

C. At B=1° ©x=}§ pane)
oC[ oS &- Sm)( SmI {

[Eo (p)]
A8’y = o COSP
= T-sing
o{, At g#=0° (x- & plane)
Eg@| Lo | ar
At B=0°
e At =% (Y- plane) o
. o
S8. ——
Ealo)] e € | €0 |
'-:-E—-Si"’)@ :
£ At 6:%° ( x-&plane) o
|Ep (@) |Ate=?°°°<{ o l -> ¢€ro (Continued )
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12-50 .Clont’d)
lE& (ﬁ) ( o< 1. 1

e




12-51.  Referring to Fig. 5-11
Z“”P = lo0-)l00
ACt.orclmj to Babinet’s Principle

Ze Zs = Zstor’ Zloop = _g‘:_

=2 Ay 1 gt 1
Zslot 4 Eloo[, ("_' } 100—jloo ~ 4 141.42/4-45°
= 251.27/45°

Zspot = 1T7.65 +) 177.65
12-52.  E4=4yE, Gos( L)
From (12-113a) ond (12~ [13b)

_\k(X’S'mﬂ GSP+ Y’Sinesing)

fy E.L/f ‘s (Ex)e dxdy’

(‘ CoS AX- eB"‘d = eA*( BCosAx+ASmA=r) )
+Bx

/¢ (o8 .
6{ s T Lk sinoesg, - Za- A0 o o l:asmgcgsp)

=&,

% Cos X SinY :
& ab)- @R Y Xo ka smzo cosg Y= kb 52’96‘*19'

Theaﬁ andﬁ.p’ Component of E-field Can be writlen
: =] inaf % ’krS’}ﬂf CosX  SInY abE« pkTg; CosX  SinY

= e | S '}‘mr Y
i 5 :_CLon @S ‘k Si
Ep = ~j Swr— fee!msg&sgj S &I¢T __J%-:e_gpkej ‘(;) nI
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13‘] To find the fields wilhin the horn, we will use the cylidril Coordinate

Sstem of 0P, X of Fy 13.2 (o), Since the region within the hern (s
Source ~free, Maxwell’s equations

VXE = 'jm/.t H (1)

VX B-=jeckE (2)
must be Satisfied. Interms of the cylindrical coordindes @, ¢, X,
Equations 4 and 2 reduces to

joe B =3y -5 &
joeEy=35- :5%5 &
JPe Eﬁ?é‘e((’H*)“f}%ﬂf £
e C’aq» & )

oM Hy %I_Eg aEE,( -
TopHx :FSC’_QE‘*’)“E’%% (8)

If we assume that the wo.cegu.ide 'feediua the horn O‘ng SuP?orXS the
domiart TE,~mode, the [swest order mede within the sectoral 3u'rde Chotn)
(s that which is analegeus to the TEjo~-modeof the reci'anjul&r qude, cith
ol the ether medes attenuated in the transition najion (throat) between
the oneau‘tde and the horn . Thus the dominait mede within the horn is
one whese only vonvanishing components are Ey, He, x.

That*(s Eg=Ex=Hy =0 (D

Tnoddition S =0 s
Usma () and (lo) we can write (8)and (8) as
._.}w/J Hx —%@‘((’Eq}) (12)
Substifuﬁna (11) and (12) ™mto (4) we can write
: Lok
~uueEy = 50+ 31§ F0E) ] (43)
Which when expanded Gn be written a s
(Continued )
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13-] CCont'd)

alELP 1 aELP E-Ll, Pl 04
op* t5 3 i Sxa t k= )Eq’ e )
Where  k>=wiue (4a)

To solve C14), we moke use of the method of ceparation of
variables. We asgume that

Ey (0. X) =R@ X () (15)
Subsﬂ’cu’ciﬂg_ (15) mto (14) lends to
x3\§+x a‘+R§F+C&‘—E{‘JRXro cte)

DiUldm& by RX and Chanjmg the Par‘t‘ials o #otal derivetion
(16) reduces ko

Lji—lxx; =<fd 0, ks = Gnstant am)
= gﬁ——rr';é%&Jr[(k‘—ki‘)—@% =o (8)
Muttiplying (18) by >R reduces *o

Gliﬂé +P%‘§“+ [ k) -11R =0 )
where "= ok (139

Fquation (19D is  recoghized as a special form (n=1) of Bessels
differential Gguniwh Ee%uafaon V=1 of Appendix V1 with a Solution
Gf R(E) = A H( )(‘ke(’) 5 B’ H.l (’kf(’) (20)

where A and B are constants., The Hankel functions of the first ond
Second find of order ene (n=1) were chosen as Solutions because
they r'eFmgen’c i-rauelmg waves in the tnward and oulward, respectively.)
radial directions. The Solution of (47) s of the form

Xx)= C Cos(keX) + D sinlkeX) (21)
where C aid D are Gonstarits. Using (20) and (28) we can write

(13) Las . |
Ey(.0= < [AH o) +B, H Ly )] [C ol +D-sin () 1 22)

( Continued )
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13.CContd)  Applying the boundary Conditions

Eq.»(@,X Ofy) == Eq(p X=~0/2) =0 (23)
leads +o

C os(K2) « Dsin(®2)=0
C Cos (k) —D sin(ked) o T
Equation (22) an be vewritten as
By (0,3)= Am0sChex) [ Rk, 03+ otm Hchped ] Ay
where Aw omdow are Gwstants for the medes m=1,3,5, -
The nonugnism maﬂnet-ic field cowponents @n be obtamed from )

C\I‘IU{ (12) 1&‘
HeCe: X) = Swpm Jwﬂ ax =J~—Am&h(kxx)[H; (gf ) + Olwm Hy! («f-(p)] (27)

Hy @, >£)~.-)~m/4l 0 ;?(g Ey) =j L%Am ©sChke) [ HED 0k 0) +olm H s Ycke)] 8)
by u.SlvH_ (v-(8).
If we consder ony the fowest order mode. Cm 1, kx=Th) amd vo

reflected qmponent [otm H l)(ief[’) =omHe Chpp) =01, the fiekls
Within the hom (an be written as

Ep =Ex =Hy =0

D=0, kx=m(E) (24)
m=l,2,3, <t (25)

2
E‘lpf.f)) X) = A CoS (&%) Hl C{Pp?) (CJ::;
He(e,x) J/OA|Sm(H—x)H|")(k€) axe)
Hx (e, X)-J_:_Alc»s( T x) HEP Cep ) (29d)
fo= [ (7o) = e D] =R D1 (o)) 2 e f:TEJ
i/ g = A R =N B2,

The cylindrical components Eip (¢ X) and H(’ (p,X) @n be resolved to
ony point  Gsith the horn o their TPctnmjulqr Counter parts
Using Cyll=7a) or CVIL—=7b). Thus

Ez= ‘ELP sSing , Hz = HC sy (30)
Eg‘-'—‘ Eq’ sy, H‘d"—' HES;?I[P (31)
(Continued )
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13-1 Ccontd )

which for horns with small flares Cy small) reduce +o
EE = H)« =0

(32)
Ea_ '-.\."-.El,y) HZ a7 Hf

(33)
If the ﬂenjﬂn of the hom !‘SI.ﬁrje, the Hanke| functions can be
approximated by their asymptotic expansions of Cv-(T), or

HIUH‘F) Jre“j(kp /4) H a)(kf)"‘—”r &) (kp-"4) (34)
where p= wuw e (34a)
Chocs'mj a new Coerdndate S}‘St‘?m (xf,a’,&’)) as shown " Fié-' 3.2¢h)

Such that
X/= X j’=§, 2’:.-2—(91,?1=E’f°94’e (35)
We can wf‘d"ﬁ 0 of (344) as

T DO PRrS TN PESTE L

(36

for namow horns C&"C"- ) ;
P { pq {1+ %(.(H,_: )"] fcr phase terms

s for amplitide. terms (&7)

Using (30)-C37), we can write (27a)-GFe) &S

Ez" = El= H; =4

Eg_ JAI\[—? -)*()I,

Byt y) = Ey Gos (F¥) ej‘(gf
HE (x;,a Ei(r) Stn(ix ejz. c%—‘)

Heoxs ) = + % as (B 2 F)
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1052 U\SInj the jeometrj of Fijure 13.2(b)

a. ¢mx gt :,k Smax‘-'" :%E(E)e_@i): :z_t_r'(ee —Pe Cos%):’{?e (I-C’o:%)

gs]“r = (loA)Ci CostPe) = 2TCl0A) (1 =Cosde) = 2TClo) [28W () ]

sin* % = m = 60 = -q:-,)__ -::Sml(ﬁ*J—;.‘)z T4i8°
Yo =2(7.418°)=14.836°, 2We = 27.472°

b gi=ee§m%= oASIN(14.8369=2.56 A & b =5.12A

C. B=fecCoste= (OA CoS( [4.836°) =F.66T A
= G4ap 2rb 5
TAb) [C (2;«6' *S( )]
b = 5.2 A
V2A0 2AR6677)
C‘CJfE\_Lé) = [Clisa4)] = (0138)* = 0.5446
1/ by
S

D e €4 C0.51) C?-66'77\)4(0.5446+ 0.34?3) = (7192 =(2.35dB
= T (5.02) A*

= 11644

y= [SCi1644)] = 0.591)= 0-34f3

4 et De=Geyl e s (1—1r(?) De

=[1-62)*] (17132 = 0-36C (7.192) = (6.50
=12.18dB
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2 Vi : :
13-3  @=6A, be=347X, a=05A Ipe= [P Clia) 2] "= 62458
l. L
i R
o 82\91 BA- CA i
f=0° : %Sma: o

Us'mj Fig. 13.6 We canwrite, #hat for s=l/4 | ato=0°
E=0. +200g [ 110097 = g+ 0=0dB

B=10°: % Sme= 3a7€M(107=06  Thus ot 6=(0°
E=-36 ‘\‘-ZOﬂog_l [L“SO_O“)Q~ -3.5 —0.066 = -3. 566dB

6=20°: 2ging = 3.478m 2o%) = 1187

E= -?.25 +2Dﬂuaw [‘”"_C(}S_(.ﬁ")] = -725-0266= -7516dB

- 64 ¢ air b

o o e o e 125
bl = SATA = |.00 I
J228. = Tanex

C2(Loo) = €0.77989)™* = 6.6082
S*(loo) = (©-43626) * = 6.132]

DE = 64- CSA)COSA) [0'603,2 +0-ﬁ2..]] = |4-0?5 = ”4?dB
T (3.4TA) (V)

b !5 L bo = 2.8
B=7’\-L ?ef‘)i\ sl 6.2458 ¥

From Fi&. 13.9 9 Ge = 81.32

Using (13—20¢)
De = g, ik - 81.32 =14.37= 11.57d3
g So 50
1Qéa-/)\ 62459
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13-4

Pt =€6A,bi=6A, a=051 Qee'-‘-[.@:z-l- Cbi/2)*] Ve - C6"-+£‘i) Va
Ce = 6.708 A

Q. S=bsxp, = 6/8c6) = 3/4
6=0": ;’_\ls‘me =0. from Fig. 3.6 E"ﬁ-3+-101°51¢('+we) =-33+0= Q3

2
92I0°: b = 2 I+¢ 6=o°

hg;na,ﬁ:totﬂ'“’-*Eﬂ&.ZSton,&m( Qfseig = —025-0o0b6= -0,316dB

= ~(0
6=20"; b:»%g"'fm‘)”ﬂ“:"i =‘~3f25+2°ﬂg.o(—-—'+§_"5") =~225-0.2665 ~35l6dB

g=2¢

b b €
i = 732
AP Ql=?- >

C*C1L732)=(0.327)*= 0.10693

US’th,J Tablesin Appendix IV S

S*C1.932) = (0,51776)*=

0-268|

Thi A
De = 64056
™ (6)

S BTk
=21 -
B YR \le /N ¢ 6.708

From Fi&. 3.9 F Gg = 30316
Using (13-20¢) S D= & P

~
1.3_5_ ])l:v:_)\el
Usirg C13-1%a)
9 S6X D bi=346N
@ =10A S bi= 4.47A
P1 = 15X D b = 5.48A
e =20A S bi=6.32A
0, =30A D by =7.75A
0 = Box3 bi=l6.0A
1 =T5A > by =(2.25x
1 =tooA b= 14141

fe/

=16-38

[o.losqg +o.zgé|] =3.8IP'7 = 5.82dB

= 0.5(30.3(6) _ 5.555 =7.444dB

{5/ 64708

Us‘ma Fijure_ 3.8

b, =3.5A
b, ~4.5A
b, =5.5A
b ~685A
by =8.0A
by = 6.3X
by =12.5A
by == 4.5
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13-6. Pi=20A, a=0.5X
a. From Fijure 13.8 & by = €5A
b. tonde= bila _ gEA/2 — 66

; i0IL = o SPe= tan ( %J :i‘aﬁq(o‘{gz!}‘) =7.23°
24 = 2(9,23°)=18.46"
C. De= 64pa b,
frba Vo (r__m) S, ¥4 (13-19)
falns 6.5

e VaaGeny
Using the table ™ Appendix IV
C(1.028) = (0.77)*= 6.5729
S*Cl.028)y= (0.44)*= 0136
De = 64 (20)(¢-5)
T (6.5)
which Compares Very well with the value from Fig. 3.8

d. From F?jure 3.7 = HPBW=(0°
€. Pe =Lp+ (bi/a) 1= g% (6.5/2)*] A = 20261
B= %W’QE;?\ =6.5 1’2\'20 =l0.2] HGe= 8.6 (‘fw'" Ffju.re 13.7)

Usﬂ'ﬁ, C13-20c) PDg = % = 05(8L6) _ 5507 =14,14dR
E’ZT;\ {50/20.26

0.592] +0.1336) =24.65 = |392dB

13-7 G=09 in =2286(wm = g = ;27283 A =0.8382A
b=o, =1.016 @m
s %b-:)'_%_;?\=0f3‘72.57\
XZ 3ox(07 - 2.7273 0 7273
nxjot
DE‘=30=|4.'7'TC‘B=} D__;_?_\: So A = 3579 = 3¢

083821
Us'mj F-ijure 13.8 ¢P,-_—,|07LJ b= 45X, -for. ?\DE =3¢

Ye = *ﬂh'(b'h’) *an '(o0.225) = 12.68°

.2'.Fe = 25.34°
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13-8. a. =28 =y2a(0n) =20 A0 = 44T2IA
Qe = J€l°‘+(bf/2)"——~ JCIGJ"+(A.4qz|/Z)l. A=10. 2470 N
Ye = mﬁ‘( bi /z ) = m,;;‘(.z.zasm)

=12.6044° = 0.2206 (rads)

3 B= Q_QZ’\ - atal fb 2«()’0 = 4.472] (48775 =4A72| (220%0)
B= 98'787 = From Ft\jure 139 2 G =815

E "0‘?6.20,.__. = 0.762 o—% =28 |14 = 14.494dB
pQ/;\ o, 14470

C. . 3o%ie]
= e Tt = LI&
7\ <3 TS i = 3(wm &7
0.4
0.9 = A= 0.3387\
Q= ¥ 17\' o’?g;o?xl) 8l
C. = Hew _ DRSg AT ceenit b G5

Ap 076207 (4.4721N)
Aem=Zr G = JFD. = F (8. 14y = 22872 %

d. Awax = & (pe—p,) = R (l0.2470-10)A=1.5519 rads = 88.93°
I3-9  To find the §lelds within an H-plane secteral horn we can use q
procedure Similar to that of an E-plane sectoral horn of Prebew 3.1,
For the H-plane hern, Maxwell’s equations reduce to
Joe B =7 éﬂ_'d_ SHy

e (1)
)weEq, .?g& %HETL (2)
JwoEy = 5(eHy) 4 5¢F =
“jopb =3 - 28w (4)
"i“i““tr=%% —%—* (%)
JopHy =4 &ED 7 5 '

the geometry of Figure (3.10. The nonvanishing Components
Lhich best match the TE~Mede of the wavequide are Ey,Hg,Hy, or

=Ep=Hy=0 and 2 =0 7)
Ee i 4 (Continued)
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13-9 (Gontd)
Usinj (7) reduces (3 and C4) to

JurHe = w35t (8)
jop Hy =0 ok (9)
€
Substituting - (8) a.nd cs> iwto (3) leads to
| 2*Ey
—wne By = 9¥(€ 30 )*e Syx or (10)
29 Ea E ._‘3- a o
R R s ()
where &= ue (11a)
As.suminj (11) s separable , we can write
E&Ce, )= RG> P(w) Ci2)
anel reduce (M) to
L 4R
P> s +p -+ [k =pIR=0 (13)
92
P 'P Y=o (i4)

where ‘P s a posite Censtant .
Rr the horn , the desired solution of CI3) and (14) are of the
form [ Equation (13) is Bessel’s equation , see (V~1)]

ch) = AH3tkp) + BHT‘,"(Jef) (15)
where A,B,C,D are Gnstants, Thus (12) can be written as
(16)

Ey e.)= TAHDche) + BHY thpy ] [C Gs ) +Dsinepy) ]

Referrmﬁ 1o Ff)ure (13.10¢b)) and qula[mj the Boundqrj o nditon s of

d_(e)q’ WYh) = Eg_((?; = -Yh) =0 (17)

We find that 8)

Dso; P=m (z_lI’Tr_h) , M= 8,550y

and write (l6) as

Ey(e,y)= Bm GSCPe) [ Hp k) +m by ke | Ci7)
((ontinued )
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13-9 (Cowtd)
where Bm and m are constants for the modes m=1,3,5-- -

The honuo.nlshinj thagnetic field componenits Hp and Hy of (8) and (9)

Wuce'toi_l_ggg_‘ 7 @ @)

Hete- 4) = ~Tom 7 5p° = B T o SCPY) [Hp the) +@m Hp o> ] (20)
Hyle )= 3‘%‘#‘%3:_53,“ %—CQS(?IP) [H‘F"(J-{wem H]‘,”Ehe)]) R a%,?—) @a))
The C)l“l'ldf‘ifa‘ CmeOhe“'t'S He and Hl,v @n be resolyed o their mdanﬁulak
ounter parts using (VIl-7a) or (VI -7b).  Thus

He = Hp Cosy —Hy Sin ¢ (22a)

Hx = He sm¥ +Hy sy (22b)
which 'for' small flare herns (@ small) reduce. to
Hze ) =He@w), Hx(ey)=Hy(py)

Assuming the lowest ovder mode (m=1) and onlj redially eutware
Jt'fauelihj waves, thefields within the horn can be written as
Ee=qu=H&=O 24)
By (e #) = B4 oS CP) H ) 37
e (o=~ B 1 055y HS ) o8
Hz(p.) = 5Ba “% & S () H§cke) (27)
Us'lhj the asymptotic form of +the Hankel function as given by (V=I1),
We can write (25 ) as

E&((’,q—’) ':J‘? B1 \/%—Coscpq:) é‘ikf’ (28)
Where p= (F+xY)"- (282)
us‘mj a wew Coordinate system (x,4%,29), asshown W Fqure. I3.10¢)
Such thal

(23)

X'==X, 4'=-4%,2'=2La, 0o =PhlosWPh (29)
We can write (28a) as
E=[f:.+x2_]l/a=[Cz/_'_(pl)a._{_xr:.] A CQ?Q)

Buation (27a) @n be written, using the binomial expansion, at
the aperture of the horn (2'=0) as

(Govtinued )
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13-9. (Gontd)

p= [p2+x2]"=p. [ 1+ G () L@ gE) %1 (30)
For a smal| flare. angle horms Cx7<<pa), (30) can be approxivmated by
o i C2 [+ E.L(’é—:)"] for phase terms 1)

(= for amplitude. terms
Usmj (31) we can write (28) as
By sy < s () 1205 2
where E, =" E’uﬁ “at (33)
The fields ot the aperture of horn can be approximated by
Eyo)=E, Gs (Zx7) é}'b?(‘xe;) (34)
Hx(x) = ==* cos(Z X) e;%("“),. (35)

’(
13-10,  f2=6A, a1=6A, b=0.25x 3pn=yei+(@y/a)* = \ 36 +9 A= E08A
By = ATrb {[CCu) -C) ]+ [Stw-5w)] 2']’ (13-41)

g o< Pl org s
M_ﬁ( =% q——g)= 2(—6—+ \I'") =202

2 6
el aL) = m(E-&)="
Using the tablesof Appendix IV
Ceu) = C2.02) =0.5069 , SW=S(2.02) = 0-3496

Cw)=CC-1.44) = =CCl.44) = -0.50376
SW) = S(-1.44) =-S0.44) =~0.707(2

D= AT@5)€ {05069 050316 ) “+ (0:3496 +070712) S} =678 =8.27dR
) 50 _ ¢ (2730l) = |6:38 FGru = 8413 ({rom F*a'&”)
A=R\mix =6 \gno8

25( 8412\ <7y <8.867dR
50/67082

Using (13-42¢) = DH__AT; =
/N

b. Using (13-33h) 24 _ a.'-
A Heft= foei=A

6=30°: Hsinbi= 6-sin30Y= 3
U&rg_ thu,re 2. 14 2 E=-14.25 +201=au

gase: Ssing, =6Sin(45°) =424 F E=-24+20fag.0 (' 19045) = -25.375%

( l+Cos.30) =-14.25 -0.6022=-14.8522

6=10° : AU sing = 6SIN(P%) =6 SE=-335+24 Mgl L)==-31.5a
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13-11  a={3xex

US‘m& (13-41¢) usina_ F[jure 13. 16
Q= 6A & Ai=4.2426 B> 4.25N
Pra=BA 2 a1 =4.897 A o150 A
Pa=loA > Q) =54T7TA Q ~56.5A
P= =1BA 3 G = 6T A & = 69N
a =2WA 3 QA = TT46A O = TIEN
2 =30A P a = 1-487A 0~ 95A
()2-.:507*- D Q= |224T7A G~ 12.4 A
P2 =T5A 3 ai=15.00 A a| 2 15:25A
P2 =ppoA 9 Qi =1T-32A ap = U7 6A

13-12. 0=0.97=2286cm , b=0.4"= [-016 Cm

f=llGHz 3 A= J0Xl0L = 27273 cm

Q _ 2.286 B Lplgtt.s
AT Smags = 08382, N T om =0.37253
Dh=16.3=(22dB> PEA _ 632 = 43955
637235 A

Ll&na_ thure 13-16 ~>€a.*i0/\, 01 =5.5A

13-13.
a. =y3aps V3 A0A) = 30 = 54T72A

Q":WJ G+ (af2)* = J(TOJ% (5.4972/2)> A = [0-3682A

Y, = tan' (fy2)= ton' (2736€) = |5.3156° =o. 2737 (rads)

b A=% é%— = 5.4772 || 20e = 5.4772 (21960) =12.0280
A =2.0280 > From Ft'jure 1317 2 Gy 78.8

=k G‘H e s (?8.8) _ 3
Dx = 0.3387 =0.3387 =16.2384 =11.8294 3
\’rsﬁ_ﬁ 21960

w\

C litgp= _{\_e_h\_ = L21282* =0.6537 = €5-37;
P™ Ap  c3msrAceaTan) = 7%

= & A 2
igiare Zw Go “'zi-Dn -3 :%f (15.2384) = 1-2126 A*

d. AByox = kf(’h—-?;) = -2__;\_1' (10.3682~10) A= 2T (0-3682)
= 2.3135 rads =132.56°
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13_14 Referrm& ‘t‘o F[jure |13.18
Pe? =pi> + (1) 2p =0ei- (2)* 30=(ee (2)] “obi [

Also b b i b
fa= Pe+3 Cot(Ye)= Pe*-"‘tb_fz) Rtol(g)=>R=p0-%)

Thus - b\ - 2
3 ?e*-f’l(i“_]ﬁ)_b'[ %"’T - J,L)] (‘“%)=(bl“b)m
In o simlar manner, we can show that
Pn=(a~-a) (%)A—I;L
= - v =

13-15 P = 136" =34.49 cm Ce=[p™+ (b|/a)"‘]l'h;—.{3!??~2¢”:35-03170“‘4
2= 14.2" = 36.07 tm Qh:[fﬁ’-.;(a,/&)‘] L™ 14.T06]" = 37-3536 (™
Qi = 7.65” =13.43 om
by =565=14.35(m

G=0.9"=2.286 om
b=0.4" = 016 cm

a. Pe=Chi-b)y(§e)x 3 = (5.65-0. 4)1}('?;?;4 11 =12.544"= 3). 862 cm

Pa= Cal‘“)\](?" = (765 - o?),/(@uaﬁl 2L 5 [2.520"= 31.8246 o
Therefore Pe =Ph , and the pyramidal hory is physically. veali 2able

2 /2
) =41

b, f=g.26He "-‘>7\‘§92—’;—'[% 3.658537 (m =1.44"
12.6
Ce= 14z A=T375A, = ZE2a=5.31250, a=LLA=0.6251
as 1317341 578" 0 5
- 04 5= 0.27
9*"“,\ 7.8618, bi= ZEEA=372367 B=r 7=

oh = t4 fTosL)L [0-213 N
& ek R0 53125 =).6142
M= (T ﬁ@:) e

X ! A ATR] LSl st

b 3.9236
B = = O
2%z r.8a) s
Cw) =CLll.e[42) = 03595 ;
SCu) =SC16|4_’_> = 0.6262 FYUIMTQEIQ v
C) =C (-0n783)= —C (0.7783) =90.709|
Stv)= S(-07783) = —-SCo.n783) =~0.232¢

APPemlix IV

(Gontinued )
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13-15 (Gnit'd)
C (5r5z) = C(o8835)= 07577 7 From Table in

S (J%'g'.:) = S(0.8835) = 0.324} fppendix Iy

USln& (13-52) or (13- 520)

Pr= Sre {lw-conlt [saw-s e + 57kt |

- errgla.rs)(M.zz[ a :
765 (5.65) (0.3595 +0.7091) +Co-6asz.+o.esze)ﬂ [(0.7577)+(o,324 ?)LJ

Dp = 142.456 = 2I. 54dB
us"\?’ (13- -53) = Dp= 10 [IBOS-I-,Qog,o(gL-L)] (Le+lin)

AN o GNQESETE ) = le=0.5dB
S= e 8(9.375) S ‘i usma_ chure 13.23
2 Lh=0.8dB
i TESE - e

5 BAP2  8(9.860)
Thus  Dp=10{ 1.008 + Loy, [5-2125C 3923601 ~(0.5+0.8) =23.268 ~(-3=21-7lB
Vs

=Q 5.3(25 =111546 5 Gin= 18.254 from Figure (3.7

N eh/)\,
B= b'l 50

b = B85.325 w Flgure 13.§
=39236 95_,?8 =8.965 > Ge = 85-325 from

&na. (13- 54@) Dp = Ge GH — (85.325)(%6.254) o
01851 [ 5 fg;h (10. 185 )(2.285)(3. 2j26) 114
Dp= 162174 = 22.17dB

f=10.3 GHe: =>7\~,§°3—":g?-—_z_ﬂ_zgem=|.u4ev”

Usinj the same prcedure as for = 8.2GHZ, we have that
&= ITT3A, P2 = (2383, fe= [2.027FA, = [2.824T7 A
@ = 6.671 A, b=4.927n, G=0.7843A ., b=0.3488 A

ST s b, e
M= (T35 , V= ~0.9675, W-w_l.ous

Cw= 032515, Cw= -a7750 , CCw) = 0.780
S(u) = 05359, SCv)=-0.4063 ,  SCW)= 0440

“51"3 (13-52) = Dp= g%ﬁi‘_—g { (0.325(5 +0.9750) *+ (& 535?-'-0-406?)‘}"‘

{ 0.18)%4 0442} =18756= 22.73dB

( Continued )
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13'15'(:&nt’c“ i 1 ot L
ks ...._...___.‘ - = - . L o = — ol I
3_8 o 20,2577 le=09 : £ gnes 0.44%2 > lh=1.5

Using (13-53) 5 Dp=10 {1008 +Logi[6.671 (4.927)] J ~(o.741:5) = 23. 841dB

A=6671 €1.97452) =13.172 D3 Gy = 78.673
B= 4.927 (2.03887) = 10.0455 2 Ge=38I-550

Using, (13-54e) = Dp=_18.672 (8].550)
01859 (197452 2.03887

£=12.4GHa : A = 30%108 _ 541055 i < 0.9525 ¢
24 X (o7
Using the same procedure as for f=8.2GHz , we have that

Lo =143, e; = 14.908X, Pe = 14.48 X, Ph = 154395 A
0 =8 035X, b=53318 A, G=0.447 A, b= 0-4I?7 A

=196.2327 =2¢.T.3 dB

b
U=1.8(l, V==I.13], w= ] = |.114
) VETY TRl
Clu)= 6.340 , CCv)= —0.7¢5, CCwy= 0760

SCu) = 0443, S = -0.560, SC(W)= 0.545
Using (I13-52) = Dp = swas.sx_m.;){ 2 it
[6.76)*+ (0.545)*] = 2(2.84 = 23 .28dB

e i i g e e Fo
S= =0. le=1.4; ¥= =0.54] = Lph= 2|
YT Ok gAP2 | _
us‘ma_, (13-53)= Dp = 0] (-008 +Log;, [8.03(5 (5.33(8)T}F —¢{-4+2.1) = 23.36dB

A= 8.0318 (173956) = 14.453 = Gu =75- |
B= 59318 (.858) = (10227 2Ge = 80.6

= ©5-1 (80.6) %
=225.063= 235248
(01859)UTTPs6)C1858) e

Usiwg (13-54e) = Dp

In summary, ol three equations yield nearly identical results.
The @mpuled directivities agree cloely with these of o
commercial unit
5 Computer Result

M B2GHZ > Dg=2|.70/dB

103GHz - D = 22.7914dR
12.4 GHz » 0, =23.3311dB
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13-16. fr=53"=13460m
Pa= 6.2" = [5.748 (m
=3.09" = 7.85 com
b| — 2.34#:: 5.744 0w
a=08"=22868mm
b=04" = 1016 Cm

g SR Cb'“b)wj({—)’" 3 = (34-0.4) (3428 )‘_-L =4.394"= 11-16 Om
- L
-

= (& a)ﬂf )2 = Bot-0.9) 3‘3 2_L = 4.394% = ll-16 Cam
Therefore Pe = Ph; Oﬂd the pyramidal hom ts PhyStC«.“# reali 2able .

b. §=8.2GHz A= " 3ox0% = 3658537 (m = |- 447
B.2x101

Pe = CO*+ <b./¢)*]"’“= 5.4.28" =1 3.786 (m

Oh= [p2+ (aifa)*]" 2 63896"= 1 6. 2276 oo

L = = g 5
Ql = m?t =3.68BA , 0;-—- rl{—A:}.[dSB?\,O—mh— 0.625\,

Qo= 5428, 264X
T4 %7\:""%7"

?ﬂmh 4.3057, b= 22T
¢h= wﬁé =443-77\
e 4 e J4.305 , 2.1458 \ _ =
O )T ) e
= VAea _ L /Vases 2458
i s —_— T == - I ey S =-0.04&76
= (5 “—’\T:) ‘5‘(2.1458 m) o
N o gk
09 fame Y
Ccu)= C (1.415) = 0.5284 From Tales in
S ) =SC1415) = o7l Appendix LV

C (v) = C(-0.0476)=-C (o ou76) = -0.047(
Q) = SC-0.0476) = ~Q ( 0-6476) = ~0-00625

CCo5989) = 0.580] , SCO-5789) = 0-ll004
USih& (13-52) or (13-52a)

D= _‘Ee;_)?I [C(ur- CCDJT“' [Scw‘sw)];] {C&(Jb=ll ) +Sa‘(b{-—_—l—') }

BoTA2.34) (0-5284 +0.0 475)*+ (0,711 + 000025)* ] [(©- ~]

e (Continued )
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13-16 (Cont'd)
USlna, (IS 53) = Dp =10 1008 -t-ﬂo&{ (a‘b')] - (le+ln)

S= = (1.624)* ——
8’“9' EN s R ?Usih& Foiie Bag i ios DS

t= ———-. = (2.1457)*
P" 8§ C4.304)

Thus  Dp= 10{1-008'!--5:5.0[2.!458 Cl.625)] } —Co.1+0-2) = 15-5-03= [5-2dM3
ai
A= = 2158yE 73 S12037 SGu=17/.29 from Fijure 1317

= 0.[327 Slh=0.2dB

B= R[50 <625 = 59158 > Ge=5866 from Figure|3.g
USl"{} (13-54e) <k0mpu. er Result» l5.2507d§
= b Y] ;
o (o 3: i{: g Lo 0 =33.57= 1526 dB
‘ ?%1}% (01857 (3.64275)(3.3573)
f-—. IOBGHE 3 h_': 30)(10? = 29128 Gw''= l|46’7”
10.3x(0%

USinj the Same Profeolu.re GS ]‘or j‘-.:g__g GHz , we have that
Pi= 4.622X 0= 5.4068N ,fe= 40336X, 0h= 557222
QL= 2.695A, bi= 204(A, a=0.784F A, b= 0.3488A

= (4296 , v= -0.20%5, W=£A_I_é = 06713

Ccu)= 0.510, C(v) = -0.209 . Cew) = 0.637]
Scu)=0.709, S(v)= —0.005, SCw)= 0.1545

% > = 81 (53)6.2 a
Umqa. (13-52) = Dp IR E(O-Elo-bo..zo?) »r(wo?+uoo5)‘]' X

{ (0637*+ (0.1545)*} = 5o.4.= [7.02dB

Dp= (m.02dB
b o 0.1 le=0.2:
S= VT 126 = Le Zhes

Using (13-53) 3 Dp =04 1008 +ﬂo&l° [2.695 (2.041)] } - (0.2+0.25) =(7.034 dB
A= 2.695 (2.9955) = 8.0727 = Gy= 78.6
B= 2.04| (3.25) = £633 < Ge = 66.|
usng (13-54e) 9 Dp= _66:1(78.€)
(o. fBSﬂ (2-9955) 3 .25

(Conﬁnueo[ )

< Comfwl'er P{'Oj my?

17.08384dB
=52.39=17.19dR ’
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13-16. Clonld) .
3oxlo

f_. |2. AGHz ﬁ) ,‘2""4—"_—-?

Using the same proceclure as for f=8.2GHz, we have that
Q1= 5.5643 X, P2 = 6-5092N, Pe = 5.6987 A, Ph= 67082\
Gy = 3.2441A, bj=2.4567A, 6= 0.944F X, b=0:417F A

U= 1455 , V=-0.343, W= JT@ - 69364 -

Ctw= 0490, C(w= —0.337 , C(W)= 0.685

= 2.4|735¢m = 0.952%57

Sctw= 0.705, SCv)= -0.0225, SCW) = 0-200

= BW (B-3) 6 3 2 N
us”ﬁ' (13-52) = Dp = m {(0-7?‘#0-33?) + (0.7e5+ 0.0225) ]'f(o.éﬂB) +(u.=.)‘ﬂ

Dp= 7075 = 18.4%7dB [ Gmpuer Resutt = 18.5150dB]
- 2
50, = 0.13¢ 2le=0.25 ; ¢

"(’ =022 |,=03
Using (13-53) SDp= (o { Loog+ fog o [3- 2441 (2.4567)] T —(0-25+0.3) =18.544dB
A= 32441 (2M301) =8.6568 = Gn = 84.55
RB= 24567 (2.962]) = 72769 G = 6765
Using. (13-54e) = Dp= FycR (B4 55)
(0.18 5% (2.7301)(2.96x1)
In Summary , all three eTuaﬁohs Lie (13-52), (13-53), and (13 E ey ]

yeld neurloﬂt identical results. The computed directivities agree closely
ith these Weasured of the Commer'cia.ll(% available unit of Fig [3-24.

= 7).432 =(8-54dB

13_17 Go = 17.05dB -loic&w@ro Cdimensionless) = Gyim: 161705 = 50.7
f=11GHe. > A= 3oxtol _ . o s o

Mxio?
n= 22862 pesls .
29273 0.8382A , b= 7273 A =0.3725/N
The initial valueof %, is token , us‘ma_ (13-57), as
= 0T =392

Which does net Sa,ﬁS]‘g_ (13-56). After few iteration, itis founal
that X, =2.96795 (s a wmore accurate value. Thus

Pa = XA =2.967%5 (2.7273) = 8.0745(m = 3.(868" =2.96775\
N s (37 Gt (G PD e RS are el

(Continued )
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13-17 (Cont'd)
B Cw { P L S T
a{ 2“x A 2“ AM (2. Té??b )\ 3 23646)\ 88268 om = 34?5‘”

by = r‘x V2Q@I6715) A = 2.43639A = 6.6447 om = 2.6(6 "
V2
R=(bib) [(42)2 4] <6 252630m = 2461677 bk 2
D VeXPh X 6.2526Cm
Pr= @[ (B 4] % c252670m -24615‘7"} = 2.4617"

Us‘m3 (13-54a) 2 A= x‘J% =12:247 5Gy=18.921 from Figure 13.17

Using. (13-54b)= B=t b s‘ﬁk =199 2 Ge=81.518 from Figure 3.9
usm& (13-54e)

Dp= G G _ 8I.5(8 (78.721)
=50.9695 = (T.o7dR
01857, [Zo_ \[ lo.e59 .[Bo~ [So
Q"”’“ -??6'?151134 9156
j.3"i8 A= 30xi07 203 G

10 xlo
R4, = Jaxe = VRAUON) = \[307@-: S5 4TUN\ = 16.43 (m
bi 2 Vaxp = V20A~ = 4472 A = 13.416 (m
b Go=% 4L (ab)=z L (54770) (44720 =153.67= 21.87d48

C. erecd EqP= |'I‘EqP=.Jz' ; EqP:-;Jz' =507,
d. Aem =§G¢, = f,; (153.8%) = 0. 2156 Cm* = l10. 2156 xtot m

. e - 3.5 -8

Pree = Wilem = lox16® x ll0. 2156 xi5% = 1,102.156x 16 °= 11.02156 X [0

Prec = (102156 x10® = 0.1102156 p Watts

13-19. The problem was solved using Compuler program.

K =6.047

(Je= 37.0 Cm
Ph = 40.8 Cm
Q= 27.4 (m
b, = 21.3 (m

Ce =Ph= 3.7 (om
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13-20. dm= V3IA > L=t dmin)~

From Fijwe 13.25 US‘m& A=
L=75X dm=145A [ =7335X A

=50 2dm=[2A = £=50.36A da & 1397
L=30A 2 dm=%4X = £=30.37A dwm =754\
L =20 3dwm=76A 9 L=2036A dm =78 X
L=I5A = dw=BIA < £=1537A dwm =677
[=l0A = dm= 5.6A = 1=10-38A dw= 538X
L=8A 9 dm=5A > 1=838A dwm= 5.0[A
L=6A Ddm=4.2A2>4=636A dwm =437
L=4A = dm=35A 3 0=4377 dw = 3.627
L=2A D dm=25A 3 =232 dw = 266A
L=A 2 dm=[IX 5 L=[383A dm=2037

L=obA> dm=1.5A DL=09N" dow = .64 X

13-21. L=195% dwm=15", d=2.875"
6. From thure 13.26 ﬁ=\[L‘+(dm/z_) =20,.89"

The optimum 3ain will occar mhen,acroralinﬂ to (13-60)
dm = IR D dm = 3IA 2 A=dm /3L= (15)%/[3(20.87)] =3.5898"=7-118 Cm

(o
‘f:' Sl 3_3_fx!o?H2 =32 GHz

3.8
L= 19.5” =5. - <%
e 4327 | dm 358?3»7‘ = 4085 A
For these two L and dm, Trom (th 12.27 ). D 19.5dB
According. o (13-59b) and
4 ?o) ond (13-5¢% ¢), ,gﬂe__[ :

L(S)= (0.8 ~17IS+ 26.28* 17.798%) = 2.9dB
Us‘sn& these, we can C‘o'mpui'e ihe o\‘nrec,’t"w'n’rj from (13-5¢%).
ThuS D = tofog 1o (T2) 2 2.9 = [0 fog, [T @ 1785)]1%-2.9

=22.363-2.% = |9.46dB
Which ogrees close,llj with the value obtuined frow Fia_ I3 27

Ce '*\‘Hﬂqed)
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c % :
1321. Clontd) f=25GHz » A= T = 30X _ (2 m = 4.7244

2. 5x|o8
From Fig 13-27 ana Fig13-27
5 S L D , D2 185 dB
L= ;-3244)\:4_|2¢5)\, c:lm-4724«7\. 3.175 )\
Usinj equations
(13-59c) » s= dm _ _ (5) " = 0.28 4975 (Wovelemsths)

BAL ~ 8( 47244)(20.89)
(13-58b) 3 [ (5)= [0.8 - 171(s) +26. 258 17.7983] = 2. 033

i Dc =10 fog [T (3.175)] - 2033 = 12978 ~2.033
Dc = "7-?4{‘3
f=5GHz 9 A= 30x107 _ o _ 536227
S5xo?

Usina, Fia_ (3.27

= 195 Sl & g De =20dB (FromFs.3.9)
L~2-g-72ih=8.255h,dm T =6-35A, Do =20d8 (FomFy,

USin& ecrua‘cians

== dm:.-_ Ci5) - = aucﬁe HAS)
SRS 8 T B(23622)20.8¢) o iy "
(3-59b) DLk [0.8 = 171 S +26.25 5> 1799537 = 5.0588

(13-59) > Dc = loﬂoglo (T(€-35) )% 50588 = 25.798~5.0588 =20.94dB

C. The culoff frequency of the demimant TE -mode o f o circular
waueju‘:de. s gwen by (1-62) or
(fc)" = X Whepre Xi s the first zeve Of the. derjvative

e of the Bessel function o f the first4end of order
one Lie. JA()=0], and is equed ko X=1.84)
Phus cfefi= LE0R )l a8l gl e
I 2T (d/2) \pe & Td Ve = |

For d=2.875"=7.3025cm

(fc-)" = .84l (30x(0T)

= 2.4078 x107= 24074 GHz
TC 730 25)
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13‘2-2. Owm= \)31)\ =ASE g%wﬁ_ - 88— . ( From (352b) 2 L Cs=2)2= 2.71dB >
From (13-5%2 Pc=22.6 =10 fog,,( §) =27l aloﬂaa_m(%)’*: 25.5]
Qo&“’(%&: 2551 2 (§)%= (051 = 355985

‘St: wdm % 1}355_7?5 =18.8625 = dwm = 'r_S_STf-‘ﬂ

A
m = (BB6IA _ (o0n
717
?\: 30)(‘0? :2"?.2'?36“4
I xlg

dw = 6N = 6(27273) =16.36360m = 6:447

LS
Since dm= A PI=Lo = %ﬁ?—%{:s:.%?& =(2.8847"

Lox VL va)on \/f@-'lz'r)i(lé.sssé/; » =31.6878 (m =12.475"

L|’c=i'aﬁ'(d"'/1 =t (163636 _ 0oy 20 = 28.95°
3 (zcax.ssfre))“m“m Ry ¢

13-23.  Dc ag)= 10 Loy, [Ep S (May] <lolog, (£)-L(s)
1 (S) %= (0.8 ~L7Is +26-258 — 7.9953)

< _dm e L
S"S)LI A (17
For Optimum directivity, o= V34X - Thus =
= SLI\ =
SEL . !
For =2 dm
&
L

L) ~[08 = 171(2) +2628(3)* 1709 (3)*]
=[0.8 - 0.64128 + 26.25 (0.1406) =177 (0.0527)]

L(s) ~ 2.912dB

DeccdB) =20 =lﬂﬂoam(}%‘)l-2.?jz : o
22812 lolegio(70)* , (Ta)*= (62T @522 (258)= ()

dm = \{l_‘?—i}—b—l“?‘: 44508 A= 4.4508 (3)= |3.3526 Cm

dm= [3.3526 Cm = 5.2569 inches , 2Yc :3?‘3;°

dm= {3IA Fdw =2UA 2 £ = dw/3n = (13.3626)%/3(3) = [T-8] (m

Yo = S (6876 ) = sii(0.337) = 17.695°
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l -
1324 6. Aem= (=TI} -2 -D,= 693 (Oﬁfﬁ. 75 = 5.3/7764 XI6m*

(f=10GHz » A=0.08m)
Aem = 0.0053|7764 m*
b, Pmox = Aem Wi = (x15¢ watts/m2)-(0.005317764)= 5317 X10 s
Pimax = 5:317764 X167 watt s
1325  f=10.3GHz 5 A= 30xw0%/(10.3x10%) = 2:9126 Om

a. Nofa £ dd < Aofa %d( 2'226k90.7218%ﬂ<0|<l.4563m
b. W< Aefjp = 0.29/26 cm
c. t< Wio= 0.29/26 /1o = 0.027/26 tm

/b6 a. Using the Fig: P13.26
E-Plo.nei4.54-7\ , H-plane : 5.2A
b. Using the Fig. P13.26 |
E-plane: 506, H-plane : 4.5

Pe=Sha=0.7%

— E-plane

Phase center d {wavelengths)
w
T

- ff-plane

1 1
o 5 10 15 0
Flare angle W, (degrees)

() E-plane secteral hom

fe=5ha=0T\

s}~ plane

Phase center d (wavelengths)

= === = = F_plane

g0 P13
F "j s X 26 Phase center location, as a function of flare angle, for E- and H-plane
sectoral horns. (SoURCE: Y. Y. Hu, "'A Method of Determining Phase Centers and Its
Applications to Electromagnetic Horns,” Journal of Franklin Institute, vol. 271, pp.
31-39, January 1951)
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147). By using (14-1), the effective dielectric cwnstant is equal to
1 B 2

=
= W v
USlnj Ga=17) | ¢ =12
120
Ze = \'éreﬁ [i-l-\- 1393 t+ 0.667- in(1-2+1.444) ]
|20-T0
=44.415 ohms

26185 (3.24152)
- = o4+ 1 o s 1 72 )
147, erese 65’21 + 632 Skt 12(g)] = 48667

At Yow rec[uencies, the characteristic impedance @n be found L)

Using ef- 04D, if >l

20T
(f=o0) = =
= f : V4.8667 * [15+ 1L373+0.667 In(L5+ I.444-)]

- 170.88% /(3.6132) =AT.296 ohms

14'3 Q. US‘mj (14-6), the widthof the patch IS

W= S0_ [ 2 B387.Cm
2 cl.6)116.2+1 ~

/2
= 0.127 =

3
(3.51+0.3) _(E?% +0.264) _ 0.05455 (m
(F51-03) (3962 103)

AL = (0.127)(0.412)

0.127
ol = e =5 _05455):.2.?31Cw
Y ET Y v B

b. USm3 (14-12) and (14-1Ro)
I\ nie "2"“6030()"')(5.{0() o 5 —S-%gf—)_ ¥ Xz"RoW

Gi: m" ]
x= L= AL (3962) <0.4226) T = 13277
an(l-3277
I, = -2+ S C1.3277) + (1.3277)C 1. 204348) +~5‘Rgz3'77
= 0.57075

Gi - 057075/( |2.0-T|'"") =48l916x'l€4 Siemens

e g 3
Resonant input impedance, Rin=Zin = 24, - 1.0375 X10°= 1037.5 shs

(Gmtinued)
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1433 (Cont'd)

Direct numerical calculation from (14-12) results into
Gi= 4819021 XIG* , Rin= 3¢, = 1037.56 ohms
Nume\-imﬂ calculation from (l4-18a)
Giz = 392%04x16%

il Rin= —ltr— G gedy it | 1 DAty

© Rin Cy= H)—- Rin (4 =0) CoS CT_'H )
ns = 571.56 (08* (_2?3| Yo)

€,

Yo = 11197 Gm (0.4408 inch)
ILtLI 0. W=

e T
2.(16) i Ll

=l
e 0.1575 = 2.1356
Ereg = Zjé-l-‘l £ 2.2.;'21 E+|2(.___.7411)1 1 2.\85

1412
AL= (01875)(0.412) 2:138610:3  zysgs * 0264 _ 832 Cwm
2.1356-0.258 74i2

L= +0.8
\E75
D_oaL= 30 *
2(1.6)\2.1356

The Pitch is o realistic dimension for the reof of a Personaﬁ cax
b. From (14-12), with numerical Caﬁ.culo.tton

G -I.S’I:ZS‘{XIO Rin= QG. = 317.95 chms

C. Using (14-18a) , Gm_ 458053 %16%
i —
d. Rin= 206 +Gr) = 20157259 KI63+ 4 58053 X164 ) — 24623 chms
e Rin(j:&o)z R_;n(_g:o).c:os "[_ab)
75 = 246.23- O8* (rrm

z2357 4°)
Jo= 19615 Cm (0.772> inch)

2
1475, §o=10GHz, &=10.2, h=0.05in -otzwm W= 2 30 2 =0634m
2
i l62+1 e 1[1+12(4.9?§.) 3] ls)w L 4.99.)2
= 80953, = (.120)(0.4]2). L8093+0. (4.992+0.264) _
AL =(.127)(0.412) (8.095-0.258) (4.992 1 0.6) 0.0509 ¢m
{ =30

2(IOJW -2(6.0503) = 0.4255(0m,

W= 0.634.Cm = 0.2496 in
L =0.4255(m =0.16'75 in
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66, . 2 : < - [J_-H

& Tr © J » Y1 =Gtj B,
- ?z ; ‘?; = é;: +j B2

Resonance, Im(Yn) =0 = Yzn = Gan

P .'l\(c fan 59-

Ye + j Yo ton Bl
?,_ =Y. - Gitj BitYe tangl)

TIN =Y, "‘?z , where Y2= Ye -

- Gt (Bt Ye tangt)  (YemBikonBl) +] Grangl o
Gin=Yi+ Y
("fc—B‘tan@l)i-j G-[tun f,’. (2)
G [( Ye-Bitanpl)+ | Gtangt | = (Gj B.)[(Y.;- Btangl)+j & tan@ﬂ
tYe [ Gt ] (B Yctangt) ] ()
Separating into rea and imagimry parts.
G ( Ye-Bangl) =G Te-Bungt) —BG tonph + Ye G, (4)

3 Crn Gy tcm@L =J‘ [B‘(Yc“Bltan@l) +G, kan Bl+ Ye (Bt Ye tanel)] (5)
Rearrangin . the ecluccﬁon (4)

Gm (Ye-Btanpt) = 2G(Ye~Btanp () 2 Guw=G:2 @)
Substituh'nj this results into (5)

2G; tongl = B(Ye~Btangs) + Gikanpl+ Ye (Bt Ye kongd )

(*enBl) [ GI+B2-X*] = 2Yc B, tonpl = : 2Ye B, -
B' +G-Ycr

From Y=Y +Y: ,and G =2G., We canSee §1=G1 , Since Re(Y))=4&,

Also, since imaginary part of Yzn =0 at resonance
YiN=Cnu+ij ,  Im(Ym)=0, Bin=0.
B =Bi+8,=0, By=-By
?"1:.- & ‘jBl
Total inpadt odmittance is, Yin=YitYa= 2G



7 I 2w

*
>

—|
>
>

T=Ym D T‘fm [ Y~ Ym

R TR A i g Eig- Rt
This circuit  has been “derived” by considering. the equivalent

Circuit admidlance for a Symmetric 2-port junction.
: -]
[Ytt Yllj[[“]:[ll] P Y2
Yl[ YZZ Vl I.Z_ Y“ _\’]i “t _.\ﬁl

For a symmetric voltage, Node JC of the F{(} Pl4-7.1 Sees an open
Circuit.  Hence, the ‘new cirout beomes

Yi-Yim Yin Yi —Ym

«—> g
£ 0y
For an antISy}nMetrlc uoltaje hode X Sees a zero uot{-aﬁe

rounded CerU.lt Thug, the new circuit becomes

)‘.)'M[;ZI TIN ! ( l , Y|+Ym| ! i }YI*'YM

If we assume Bwm kobe neglible, since Lts effed: Should be
to chanje the resonant freﬂuen(:y Sl‘tﬂht@ ¥, then

. R e
Rin = -
Y=Yo 2(G + Gm)
Where + = odd mode

— = even mode
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X Ye,B Yo Ve, @ Y,

We wish o find the impedance at resonance
ﬂ:il T-Qz ? £ e~
For transmission line theory YN =1+ Y2,
where \?I =Ye- & sl +) (B S g, + Ye Qn@ﬂ-t )
(Ye CosBL-BSmBL) +jGSin L
F2=Ye G Cospla+jCBCosBly +Ye sinpla)
(YccoSBls —Bsingla) +jGsingla |, (LizYe)

( QJ.*'-' .Q" ) )
At resonance , the (nput imPee[o.nce at an arbifraa_ feed point, a d;Staice

one end of the Wicrostrip elemewt, (S pure reol. By tromsformin a_-the Slot
odmittances GwB, to the common poinT amd o.ddina_ thewm hjefhe_r, the
nput™ impedance. at refnamc is found as
Rin €3 =4%) = 203 gy L 08™(Fge)+ T2y sin(Tyo) ~ L gin () ]
From Emrnple 14.2. W=1.188cm, h=0.15880m, ¥ Zc= 26.0(46 L2, A=3Cm.
Usirg_ (K~12)and (14-12a) &= 0.00157 Siemens, U&nj_(m—eb), B,= 5.6x18°.

(G+B2) fpa = [(157x16%) %+ (5.606%) 2] /[.agas] = 0.02287 < 1
Biy, = 5.6x163/(003844) = 014568 < 1.

A
Rm(§=4+) = =¢am tam) GsHreY.)
lﬁ'g. W= 6.634 Cm, L=0.4097¢m, h= 0.127cm .'f—‘-lDGHg. s Er=lo2

a. Using (14~12) and (14~120), Gi= 4.82 10 * Siemens

: 1
Which compares with G = 0.00175592, Rin= zg; » 1037. 30084

b. 50 = 103730084 Cos*( E Ys)

(os (T4) = 103?7030034 s

T4 = GsT(0.2985) = 13494 . .- Jo= 0.4789
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MFTO €r=22, Wo= 0.2984Cm, h= 01575 Cm, L= 0.9068 com

We _ 02984 _ aE
o = 1.8746 Wit & 5278

Eveg = z.z;i X 2.22- S Fi% 12(0_5273)]“%: 1.6 + 0.6 [0.3693]
= 1.8216
Zo = 1207 /€req 120w /[1.8216
_?‘:L. +1.393 + 0.667-An [_“F:saf 1-444] 3 8946 +1- 373 +0.667 In [3.338¢ )

Zo & Taow/Cl.3eg7) -
40917 = 68.264

66.264 = 152.44 Co3*(T Y, )

COSQ __E - 68264- =
(L H-") TR 0.44'78

Yo = L08'(Vodars ) = 21288 .(0.8377) = 0.2418 Gm (0.0752in)

1611, Z.= 80 ohms
ér-‘=2..2,, -l
So ‘msRd came L e
Eropp = 2+ 22+ 2y ]
20T
Gl W -
J?n?[.h.e.ﬂg?y 0.667 In (We 1 1-444) |
= 0,1588 cm
228.3508
v 500
x
| -
;4 b ér:,?.z
I e W= LIBE cma
¥
Wo= 0.4?33('-“1 _._'
g,:o.GIJSCW
<L 0.906 cm i
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14-172. a. 75 ohms

; g LA 2
75 = 228.3508 C08* (gge ' do ), S (s Yo) = 228.3508

56 4o = (08" (057309 =0.9605, Y, = 0277 cra

US'mg (14-19), we can find the Width of mivostrip feed dine
by iterative metho d |
75 120 T
i TW ; :
NEretf - [ Nogp +1-378 +0.667 n(Ffget |444)]
Dimensien of Line: Width 1 0.2546 cm
b. 100 chms

. r o[ iioo
100 = 228.3508 Co5*(5la5 o), cod (5356 ¥2) =/ 335 3558
Yo= M;TO“G .Co8'(0.661757) = 0_-°lf_‘9_5. . (0.847636) = 0.24A4 Cwm
We can §ind the dimension of width W of wiicrostrip feed line

by iteratwe procedure  a§ port (a) n this problem |
120-T

= W
0= Verer [ohbs +1:303 1 0.667 In( g +1 444) ] f 3
or el 18] $
(IOO " {€reg - In [%h.' 5 %ﬁ] 5 of _\e.}_ <1 - Dimenslon Df
i 5 Width ; 0.142
Clrg= st 61 {[1v12h) AT %]*] - 014285

14-13 u:sinj (14-31), €r=2.2, L=0906 cm, W=1.186 conn

=
u
o]

1 fr

1 8.52698 GHz - Qst
2 17.0540 GHz - @+h
3 25.580% GHiz

0 I1. 1622 GHz +@nd
: 14.0465 GHZ+*@nd
2 20.3822 GHz B
o)

22,32454GHe

+ N'— — —oc 0o =

(TM"O.L , Moo , Ble 2T Mogx, o
&.5259@1;9, I-16GH2 , 14.04TGHz 17.0540GHz -
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1414 pE

: ' As
Eﬁ‘J:.T/dé Stot: s Hx=/—i§€-‘
o R %
b S S08 < Hy= h 8

2o J‘%e Bue (Fr=+6*)Ae, He=

Az = [C,-Cos(e,, X)+ DiSin(Bex) ] [G s @y)+Dysinigyy) ] x
[ C3-Cos (Pe2)+D;3 S‘m(ﬁa-e)]
Boundoy Gondition
At x=0 and X=L, Hy=0
At y=o ano{y w, Hx=0
At 2=0 and Z=h, Exy=Ey=0} PEC walls
APP‘J'i“j the bounclav conditions *o the walls leads to

Az = Ahmp CoS(Bxx) COS(@})') CoS C@e%)

] PMC. walls

Gnd "¢, = AL By, T P iy e
e a=-5¢?('%_—)(i“)6tnc““x) Cos (3T y)sin (BL2)
5 ok () ) as(350) $n (35) s (522
Ez= -'@L;G‘ - ) + JCOS ( :() CoS y) COS(%'E)
Hx = ../.& l‘wl)&s(t-x) sm y) Co S(—%—%)
Hy = A(3E) Sin(2Tx) cos (42 y) Cos(-2)
Hz =0
b' (:F'\ mnP 2;1-,[_ +(-W'L +(—E__) 4
C. if L>Woh, locoes‘t‘ mode. will be TMIOo and (fr)lao :E_f—J/'u_?,.'

d. (‘E")ToMo = 25{?
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1415,
g M
1 L
Ex= &&yxsaxa‘g Ha == 527

By =3 5ue (5mp)A) Hy =0
= jwj%%%}’ Hz-—,&ggy
Ay = [e, CcS'(?zx) +D sin((?;x)] [Cz Cos( @,y) + D, Sin(@,y)] [Cz('o&(@,;z) t D_;Sin((}za)]
Boundar; Condition
At x=0 and x=W,
At 4=0 and y=h,
A+ 2=0 and Z=L,

ﬁpp’y‘mj the boumdo.rj conditions to the walls {feads to
AJ— = Anmr Cos (Bx¥) foS(@y)!) CoS'( B2 'Z-)

Hz=0 - PMC wals
Ex=E,=0 - PEC wdlls
Hx=0 = PMC walls

mn,p=o0, 4 8
and §x= mu (m:‘:fp;z. ’ 2,

Thus o _ )( sin ——,gssin("fa) Cos(4-2)

1 /mr
'J WuE (W,
—-—L-[ (__} v f . cos (% x) S (F ¥ ) Cos(LL2)

E;ﬂ }uﬂﬁ( T)(2T) cos (%7 z) Sin(7hy) Sin (4 2)

:' =~ (BY) @S (%I 2) cos (M) sin(2E2)
)y 359
1 (7] sin(%x) 68(Ty) cos (£Le)

He = -5
™
b (fedmp = awye] (%) () (2"

' Lowdh, lowest moded will be. TME, |

N

™! l
d . Cfr)oo; S

\}]
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14-16  The array factor of 2 elements of 2ero phase difference ,
placed o.lornj the y-direction and Separated by Le, (s
(AF), = eifele sy e"j‘*"_:f"eﬁs)'
= ejb}:s singsing éj*-g_ksines'mg

(AF),‘ = 2 S| %‘i Sing s‘mﬁ)

Ep(ksL)=E. , Hy(x=L)=o0
Fa (x=0 y==E> Hy (x=0) = o
We have conskant distribution of E,
and zero distribution of Hy .
Thus , on slt1Cx=L)
M, = -n x[Ez(x=L )d‘é] = —dx xEoé\!_ =K a’;, ; M, =5 o'f,
I = r'r‘.x[H,(x:L)d‘;] =0 7 ()
Similarly, On slot 2 , we have
M2 = M. x[FEdG) = Eo aa

L=o A
Since Mi and M: are paralle| to the PEC §round plave, their Images

below the plane are identicall to these above the plane. . In additiown,
Mi and M. are conskant over the apertures. Thus, Yemoving the ground
plane is eguaﬂ to double, the. he‘(jht of the Slets.
To find the radiated field by the two slots, first integrate
over Slot 1, and then use array factor to Combine the wntribution
'from both Slots
G. On Slot L, keeping. inmind that the height is dobled
ﬂi=Eaa\J , J1 =0 e

'HHMJ.‘/,}I 9

it
L =M,

—>— M
» (Continued)
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14-1T. (Cont’d)
tien Le = ﬁ My Cos8 Sing e*jk"r’(os Yass
. e
=E, (oS8 s’mgfl fh ejﬁ.('g’.sme&nﬁ-t-a"fosa) O'E'dqtf
— < sinY v
Le h:Eo [Gose sing . =t §__¢;_§J
- -%?&nesv'm,e’ » 2= Rkh(osp
e gf My Cosp © SR BEP
= E, Gosyf £§L (h o) k(ySinp SIng +2/cesp) dz'dy’
g L, {
= osor. StNY . Sinz
Ly = hwE, [a si _Y‘L w2 7
thus e koe"j ? ! °
Box -j %C — (Lyty, M)
Eé’ ~ _j ﬂWEoko

A4Tr
Eg x +) ko @Jk’r

amr (Lo "'?..NF)

/ ; , ; SinY o
% +j AWEohy 141 .__..sméj
Ep t) 41|-r-° oe)‘kﬂ [C&SG'SIHﬁ Y e

~) kT SnY sinZ
S

b, The arroy factor of 2 clements of 2ero phase difterence,
Placed alonj the X-directiom amd ;e]oemje;l by TN
(AF )z = 85*3.—“&5'( 3 S) k%“ec"r(
= @ikl singcosy 4 e smg s
C (AF), = l'mg(éiﬁslnacosp) :
Finally , the field radiated by both Sots is E*= E’(AF)x
that (s Eg= gwc&hhé‘jhr [CDSFQ,—;‘I-%%E'-&S)(]

Fida

Eg = j kW(Eh) gior [aso sivg Sy sinz cus X ]
= ol

X == S (0SF

Y = &Y anp simp

Z = koh (0Sb
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1418, At the two radiating edJes (20 22=L) 14
By (2=L)=E, , Hx(2=D1=0
By (2=0)=-F., Hx(Z=0)=0
a. Thus, on slot 1 (2=L)

[‘11 = - ﬁ. X [E;(z:[_\ d]] — -&z){&a]:Eo d\x

Jd =0 Ry
Similarly, on slot 2, we hove

I\_1_1 = anx

I3 = 0

r/coS ’ Y oh . a
yhor/OSY s’ _ E, o6 CoSﬁr‘ [ e,k.,(r csr)d&dx_

= E, Cosh CoSp’{ f Sho(x'sinp cos g + Y 5|ngs,ng)d1a_ g

= -H‘M (056 CoS& €

Le = hWE [Cose CoS @ Sinx MJ X = "‘“5“9 o8B, Y=kohsindsing
X

= ((-Mxsing eIRr¥is’ = pw Edﬁinp‘.‘s':x SimY 7

AWEo Ry —1hor [cng. SMX SmY
Thus E M{-J =% ‘eJ [sxnﬁ__x- TJ

EP' & +) '?'_"”_E_'gf.e‘jh"‘[msg.c&sﬁ _S'lzx LSy

b (AF), = eI OT 4 & Sleke ot

= 2Cos ( ’L:;.':S«cose)

C. Finallj the Fleld radiated by both slots s E*_—. E° (AF )

Eo d_‘hog:rso eJ*"r[&nﬁ Sinx SmY] Co§ ( Role cosp)

Ey= | kbW gjkrl o asy SNK SinY ] cos(fale. cesp)
X = i"% Sing sy

Y= &h- Sing-smg
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1419 W= 1186cm, L =0.9060m, h= 0.1588cm
€r=2.2, ‘f':lOGHZ.

—3 22+1 .2 "'1
Erefe 5 22 (1+12 01588 _..:3‘?2
E we fength © Lo = s D 90 =
ffective length * Lo = L+2aL = &= 2010)(i577 = -068 cm

a= %:; = ‘;3.9. = 30m
Be = 2605\@ ~ 2008'(0.4649) = Z (1.0872) = 2. 745 rad =124.59°
A3l +hb)T2

- -|_—1._ i =1 ‘7
On ~2 G’s% =208/ 2+ & w86) 2 (05 (0-472247)

= 2¢1.0789)= 2.1578 rad = 123.6328°

QauDps ANdnl T 5 . 5 ergacud. 278dB
Oeby  (21145)(21578)
b. D, = 22d8L " _ _ azisl . = 2.3638 = 3.736dB
@ +®F  (21945)%(21878)*
1;__‘—20 S 5.?2?04)(!0-4_ = 72 e 2 e
; (o e Ao o HAF T (451" ThogIES ™IS
Using (14-53) and (14-53a)
I, = 0.57074
62 21 3.962 1 = il 4 5 1952)= =
D= (. T~ ) 5707 ) (1.32768)>(1.752) =3.0885= 4 89748

“+D2=Do'Dar =(3.0885)(I. IOI‘MG )=3.4027=5.32d8
us*m3 (14-550.) , I, =1.62558
Finally u&n& (14-55)
L= (@)L = ((;az%&) (T/1.62558)) =3.4066 = 5.32dB

A G 0 S
1LI» 21 812" grl: 145752853?()&)93- 0.2912878 , DAF H—gu = 15488486

Usmé(l4 53) and Cl4-53a), I3 = 18625,

= 1
Do = (2:'87,??2 862t =3.3123 =5.2048

* D2 = Do Dar =(2.3123) (15488486 )= 5.130 = 7.1dB
Using (14-55a), Ia=6.4152

FimlI) USing (14-55)

D= (W2 L < (B ) e = 3021 = 4.80l6dB
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1&"22 Usinj the equimlehce principle. the chitj @n be modeled
a8 a circular &ooP ontenna  of radius de with a maanetm
current of Az

Im = Qp’ ZV;CDSIGM
where at B’=0, Vo = hE Ji (kle)

Rd _Jk;:r (Lp +’ZN3)

- -y kr
By = AT (Lo -7 Ng)  burNo=Ng=o
. Our task then s to find Lg and Le

Le~ K Mg CSb S(E-§”) eikricosy o,
&
Wwhere T’Cosy .—.e's‘me Cos(g-p’) = Qe:SING-CoS(@-p7)
(‘= Ge because the Current Source exist cmﬂy at ¢'=Qe .
and ds’= e’dg'dﬁ’z Gedg’
Le = MgCoSG sm(,ﬂ—,a')ejme&ne@w'g ) edg

5 g 2V, G. (oS B/ Co8d sin(g-g°) eJXC"S‘P-W)dW
o

jX G -7
= 2Vgae cosef CoSgy’- SIn(g-g*) e’ i i )olgf :

o#?) _gitep)

— sl il oA

8L
where X =k GeSing, USe cosp’= S Sinp-p)=""=

substituting :
N\ (SEPD G )IXCS( @) L)
ls =2, aease[ -L(e"” Jﬁ)(e”” Pl e rele P-22dg
= VoGe Coseg TeW PP S, I i)
g T '
e\jx Co.g('g_g )Jﬁ/

= Va Qe CQSGEM [ e\.\-ﬁ_ ej{.-zg"'ﬂ)*_ é‘j(lﬁf_ﬁ%_ e_ja‘] ejx Coscg-ﬂ') Clﬂ’

(Continued )
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14-22 (Cont'd) =

L & %Ge G:SQ [( eI a) X CoS(E- af)ol ri r-" 128 % eJXCOSC;aﬂ’)dP,/
? P

& [ e—j.:ef’ejﬁejx a;sc;a—er’)dg,_g"‘ SHBIX CSE-07) o0 ]
o

L]
@ f 3 @3 XSy = 3% 21T, (x)
@ j SIBIXS@-7) _jan ol;ar’—e""f eGRfﬁ’—e')e.fXCoSCﬁ-ﬂ")dzz

g2 u coS U
:—edﬁf ‘](2) eJ’( d
ot

3 2% =, \ R) 2]-
et ed?’j edfl)ueJXCosuda= 2 ;r O‘)]
[}

= 2w (-1)* LL(x) = -27 e5?fJ;Cx)

u, <€ uU=g-g’du=-dg’>

S anilK
fe s anen . (x)

® g-‘l'ﬁ —jQﬁ’ Jﬁe-jx Cos(ﬁ_gf)dg -jﬁ‘(zrred‘Z(ﬂ"ﬂ’) J‘x(o‘g(ﬂ-g’)dﬁ/
'\)ﬁ J.U. X CoS U _Jz ‘]lu JX(oJUd e (%‘:J’&ﬂ
= - eJ a FLTE f bl - us= " |
. piwrs

@ rtréwejx S@-2)dg' = &9%,m.T, (x)

o

o L= Yele @58 [ % ix) +2mel# T 00) ~ 21 €L W) ~2ne* e ]
2]

= 2MW0e @6 [ 1 ) (eit &%) + R0~ &%) ]
=i

Lg= znvoaf,cose 2jsing [ T.00 +T.00) | = 20V Ge @S6 SiNE [Jo0)+Ja0) ]
)

_-k : : ;
~Eg oz jk -‘-;-’;f V. Qe @seSing [T, (kae sin6) + Tz (kGeSing) |

(Cohﬁ nued )
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14-22(Cnt’d)
Ly = £m"% (e 05’ Costp—gr) @10e SME 5B 4/

2T ~ v
[+]

2 Voaerwe"‘:; )%’ ejw_ﬂ(if PP) QIXCS(B-7) Ju
; @
Vole ﬂrat e"’ei x@g@,.a.r)da, 1 f 2"ejw’—jgf eSX CaS(¢ -fd")dﬁ y
o ® 2 @
+ rwe“i-w’ei B QIX PS8 g r"é' j8 @I XS (#8) dg ]

° -]

HL o s . :
@ f P XNy < ¥ To(x)
6 ("o ey e 309
@ gzﬂ’éjgepzf/ejxfoSfM’)dﬁr_: —2T eJF-‘ I;_CX)

°

@ g.‘.‘l’fejs e—-j-lﬁ,ejx Co.S(ﬂ-B")dgz: -2 éjg Iz(x)

) <) ) —) &
[;ur T e®am ), (x)€)1%-21 ,x)e¥ -2t alx)e J

= Vel
Ly e _
Lﬁ' = .ZITVQQQ Cosg I:TO(X) "]-;(‘X)]

20 oy
o f:.*J_i:_"__ 21V, Ge @S [ Jo00- T2 (%))

Eo = -jk €17y, g cosgs [ € hasme) - Ty Chosive) ]

2
The Es and Ex omponents of the far-fied are jlen as
YL
Eo = -j k% Ve’ {eosp T4}
ar

Eg = jk&_}%’-_jﬂ- { cosg s\ng Joz §

TJos = Jo(kGesSMg) — T, (RAeSinG)
Joz = Jo(ROeSND) + Ta.(‘kﬂe@'ﬂﬁ)
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(B S Brnp Jn (e 0) [ A2 @s(mg) +8, SWmp) | cos (ke z)
Boundmy Condition,

Hg (p=a, 0@ < m,0&2< h)=0

He (ogpga, Z=00rg=T, 0¢z2<h)=0

He(g=0) =ﬁ-§*jj?=;&# Bump Tog (k) [~A2Sin (M3)-m + mB, Costng|] Cos ha2

~ Ba=o,
He(e~1) = i 7 Brnp Tnhy0)[~As sin gy m] Gos ke 2 = 0. mT =S lo) =§T
M=pRA,2,3,4.
He (p=0a) = —ﬁ%&i{:‘- -%-Bamp 03 f(‘kr@)[ﬂu Costng) CoSfhe?) = O
P it ML -
J—m’fkrﬁx)‘:O’ ’kf‘-' %hn/ﬂx,
From the E:undarj Gonditlon El’ (0¢p¢ o, 0¢p¢ T, 2=0) :Ef(OSFSQ,O.Sﬁ.STf,?:I,)

=0 |
Eg (0<psa,0¢p¢T 220) = Eg(0S pSa, og gem, 2=h) =0

‘&E:—%. i Th=!,2,3,+,~-‘, n--f,-2,3,4-;'°’P=0,|,l_, 3;4‘"'
: 2
Therefore  the rescnant frecluenaes for the TMimnp mocles Gan be

Written Qwﬁ\;“_& - r\e 2(3":-\[@(’7':@:; (<« ko=, ‘ke“-'ﬁ*)

1 Y 2 3
A T

n=),2,3-.-
P01, 2, 585

1Lb_2£r The solution to this P!‘O.blt?m s dentica| to that of Prblem [4-23
GSith excepﬁonsa m,

T™?Z E:{r:s'm"(o):ﬁyr)fﬂ,l,s,d.--*',Th=2,4.,6_
3 Lk
e [pe (@—"-)Jf(p—»f)i‘
M= 2,4,6,8, -- -
e B el
PetiL a5 -
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|L‘25 Without Consideriwj the feed peint, We can use Caott Wode],
The sdlution to this problem is idewticad to thatof Prblem 14-23,
With exceptions of m , T‘\’l?m[a :
Hol=01s) = & § Buwp TmChyf) [FAsm-Stnempr) ] cos ka2 = 0,
. omg= Sin"(0) = ¢T.

PLE: 'm:ﬂ E-;I,Z,S’A’S‘---’
l / -
fr-"zrr‘[/ff (2%\“) "‘(IL—N)L = % i 2 b8,
1 B o PR
P=O, ")2J3-'. g

14-26. If we use the Cavity Model, Az G be written as

Az (0.2,2) = fAIJ—nf&f) + B Yo (b 0) 1[G oS mg + DuSinmg ][ G Cos 2 ]
APPU“"j the bounda,r] Condition  leads o

Hg( pza, 0§ f<2m, 0¢Z<h)= _j{-é‘g.L

= — [ ATk 0) + B Yor (k@] [Gosmg+ Do sinmg] [ G5 Coskez] =0
Hg Co=b, o0& grgam, 6 <2<h)
< [0 Twrcheb) + B Yo Ch ) ] 20 5mp + Dusimp 1[5 Gska 2] =0
Eg (agPsh, oggeam, =0, and2=h) =0 .
o*A 2
R S et
[ NI | SRR
TmCheb)  Ym Cheb) 1 LBy 6
To find the Yesonant frer{uemca_ for TM:.,P Mode , We musk Solve

e ‘fbllowin& eguation .
T (e 0) Yo (hepb) = JmChkeb) Yow (ke &) =0

Rem must satisﬁj the draracteristic ecruai"ion.

301



1L-27  The Solution to this problem is identical to that of Problem [4-26,
oith follau)'ma_ exceptions ; -
Ee= 5 mpe (3 + ) A2 = ] ?«?#?fm T ) + 81 Yon ) 1 [0S0} D Stvvge ] #
5 [C; coskez] .
o ol -j@*‘,’; (ATt + B (@1 [Ca +Da(2)] G Csha? =0

2 ~.62=0
Fa(g=0.)= _3;,;[& Tty )+ B, YuCly ) |[Ds Sim(wgr) ] Gs osha = 0
= G‘l’ﬂ('ﬂtﬁ,,) =0

= s’ =17 5 =4, .
MP, =S (0) =PT 5 m fﬁ:?; 1,2 34

Tn'ch) 'y b) — T (Rob) You (ko) =0

1&-‘28 The dES‘tjneol Center frﬂ‘uen? F L.6GHz
the dlelectric Constant of the substrate & 10.2 (i e, RT/duroid)

f=0.127 tm
Us‘m& (14-69a) 879/
= : = .72 55
F |.6 V0.2 035
Therefore usina (14-69)
-z iz w 1.7203555
[ |+T.§é_r.ﬁ[ﬂ_n(%:)+ I.']‘?.ZG]} o {-l + 0.0222555'[ .
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1&“29_ fr=1.6GHz, Er=2.2, h= 0.1575 (m

Uslnj (14 -69a) ot

L E e 3.70¢
Therefove usin& (14-69)

3. 704
i P (6. ous)[ﬂn(as 4) +lq?zg]f

O s

"3587 (m

14-30 Destred f"eiuencj f {00 MHz » A= —'- m=0333M
€= 0.2, h=.0427 W TMJ.lo
&. Resonant frei.uencj -
From E‘Tuwl'ion (14-63a), C(Ro)™r Cez )%= Wrue & IQ"’%:%) ke ‘:PT:E)
. TM%0 * (m=2,n=1, p=0),

(?‘Mn/o\)lz- (J?-/Ae =(21rj:-m°-)‘./ue

f:mno = 21!3/75 (&l), fzm" 2‘“%‘_%. = 3005\42 )
Jcaw = ‘;{i{ﬁ. (¢ c=3x108m)
b. Nejleci“ fr’lnj‘ma, 0= lioéii-)j_é; = 2]‘?'.0;'4&'&3. = 0.057m
Q=57Cm
¢ Fo=-j 4“9:*‘ (Lﬁ*’ZNe

Ex "-‘*J‘%r(Le—m No) |

USing the eﬁu'waient principle the CaUH-j canbe wodeled as o

Circulor Loop antenna of radius a wuth m&ﬂ“%ic eurrewﬂ‘]‘oraeneg«ﬁ
T = 2Ne CBS @n}z") -~ 5 AiRvels mode .

Similar prcedure. lUike. problem (422, L:gs fla e’ s

2 jRT’CoS
Lo = .STS Mg CoS6:Sin(g-g) €’ P 7 < X = kasing

2T 5 :
= QVoQCOSBf Cos.ng’.g]n(’g_ﬁ,) e*-_]XCOSCﬁ"ﬂ )dﬁ/
; (Continued )
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1.4-"60 L =2V.0o 9[2“—[— ‘mg’ = ” e Selsie IXcost )
=<k ; S)mg @-g) 51B-8)) o 25"
D W ] R
= Yo 36 rw[e"é"””‘g"wﬂ_ SIMBRI ) | SImEBE) S3mps ) |
=3 o
er(‘oS(ﬁ—,ﬁ’)dg

,..J(m-fl)ﬁ/‘lr_jﬁ -J (m- DB "Jﬁle‘ixawﬁf

= UoCoSB ‘ (m-t)ac’ ;ﬁs J(m+)e’ 'Jﬁ'
2] YEJ i “‘@‘H @
) )
5 20 ¢ . . &
j{m-t)g:’ eJX(OS( E-2°) (195; . E’JML e.j@n-l)(ﬂf ﬁ.)eJXCOS(ﬁ' ﬂ?@"

. aT
@ e””[ e
[+]
— M8 [T _jU-mi@p) o IX (oS (B jmg 2T
=2 ‘(‘ e dﬁ/- v "CI‘WI)J-(I m)(X)

o

) e““’f

<]

i jm,if 2'!T
= -(m+1) Inm(x)
am S
- GML s jomp XS Gp), /o gim f el (M (B-g7) )XDS (B-07) | o/
0
-jmgy  aw
=€ T Jmn (X)
@ é\iﬁfe‘j(rn-ogfejxcosr_ﬁ-ﬁ’)dgz= e‘iMﬁ[@“)cww-ﬁQ ISP Y

eJnu eJ Kroludu

e)(mﬂ),g/eJXCoS(g’-.gf)d /_ Jmﬂf ej(ntﬂ)w"—-g) ) XCoS(@™~ ‘”dg

c wMia
> j"(n\-i) Tm-l (X) , used Jwm(x)= 1” £

« LosartC8BT gims (575, 1) M35 00 + €)™
o "i‘mﬁ,U)mf' Jat) :]
=-42ma\, Co$B [ Sinmg G T (X) + Sinmgl cj)""’J'MlCX)]

m+l

JH‘H-[C )

- &kfﬂlj [ -jan- Ve ose SIMG ( TnaCx) t Ty )] €)™

Sikr
= G)m ‘k;': [VOQ Co\SQ-S‘mmﬁ ( -Tm'i (X) 't-:)-h’l-tl (XJ)J

ar : . s
Lg=2V.a L} Cosm’. Cog (p-grr) @ KOS CSBPY)

(Gntinued )
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14-30 Ccont’d)
21 3 s :
Ly = 2Vor L Gsmg” CoS(g-g1) e i kasing cos (p-g ddgr/
X = kasing .

2T 1 7
MK - £ s = ’ 4 J J &
L,U=2Voﬁ§j'[e'1 +&I™ [, sisp )] o XCSWBp )
o
E Vo 2 e\I(ﬂH)ﬁ J% éj(m-t-l)ﬁ’QJ eJ(m-H)g S, -](m—l)jd ]

E O ;- N

A: S““ejﬁf_ej[m—l)ﬁferCbeQ’-—G’f)dg/= Jmﬁj ej(mq_)(g_ #)e 3y XCos(B"- ‘galg
°

o

Jmﬁ ~ (m—u) Im-'(x)

g 2m - St
@ [nej"éf‘”*'>ﬁ' ejx%S(’s‘“qdo”:é}Wf BB o XCoS (G- g1
. b
[+]

-;mp 2T|'

oM Jmer (X)

@ [lﬂéjgsei(mﬂ)ﬁ’er(oscg ¢r)dﬁ e ﬁ( eJ(mﬂ)(ﬁ’-ﬁ) "xf"“”"ﬁ")dﬁ/
o]

o 28
N 5-m) RF S @
. JI‘(M'\)Cﬁ—g’ X Co =
) r"‘iﬂ - m-) g’ ;xfosw—ﬁ-’)dgz___ éimﬁL & QI X (B ~57) |0

e—mﬂ

PR Im_] 6,9

= Vea-m [ZCOS mg (j)m (—j)]’m_‘(){) +2 (S mp’ (-j)m (j) IMH(X)]

" Ly=2mva cosmg ()™ [ Taa %) =T, 0 ]

C Continued )
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14-30 CContd) |, Assimilar procedure like Lo,
Ly = arVa 6™ cosng [ T, () ~Fne 00 ]
i
- Eg= _jk%——(zw\ga (3) )™ o5 [ T ~Jongy O ]
= " A [ g oS M- T (00 - T 00) ]
For m=2,  +the far fied s (¢ X=kasin6 )

_‘kr
Eg= k;ze_rj [_—VOQCOS?-;Z!(:]-:L(X)*J-3(X))]
Eg=- *fj:r[%&-Cose-sin:ag (Ja0) + 3'300)]

E and H Plane Field Pattern of Circular Patch (TM210 mode)

Fig - Pl4-30 CContinied )
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1&'30,@07\!:3) normalized azimuthal (x-y plane) amplitude pattern (dB)
. U'—'lEﬁlA““EO\;’ lﬁt 0=90". u.o(‘.(("OS.Qp’)l: At 0=%0° .

£. D'treckiuiy TM210 mode

Do= De + DQ’
Dy = AT Ug max = 4.373%
(Prad )o + (Prad)g
— AT Ugwmax
7 = 1.4866
(Prad )6 +(Prad )g

Do =Dp+Dg = 43737+ [ 4866 = 5.8605

Do= 76dR
= 2012 y
1@31 Q. (fr)sloz._;r'r_gl_{f;"c (€ C=3x10% e Fig P.14-30e
b, la= A2WIZC -/, 43012 Lo 0.0618W= .98 0w

T fr)g, VEr  2M3 Vio.2

C. for- zove field . from parit CC) in problem (4-30
Ea= c)* K™ [vs o osap- (T -Ta00) ] , X= kasing

=) 43t_é_‘ai:__" [ VoG- Cos3g ( T (kaSing) —J, (kasine)) 5
(-kas'msg]

=) *—‘;}55 [Vo-a-Sin3g-cash . [ T (kasing) + It

120

d. See the Fig Pla-3l.
e. See ﬁER'tahf_ =

- Do"—"'DB “‘Dp‘ 180

De = 198148
Dﬁ = Ly 210

Do= 7092 = B5dB

C Continued )
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1431 (Contd)

E and H Plane Field Pattern of Circular Patch (TM310 mode)

2

F?.g, Pla-3|.

14:32. & = %L
(r-)4lo= 2T L5 C
Ta-Vér

83175  _ 83 m
2“.\3- r———'—'—-lo'l 0‘ 08 ¥

b. =

Sk
Bs = i)Y 25

y 2E
€(§)t=1)

C.

Eg ="
(e CF=1)

308

(¢ ¢ =3x10%m)

o= 8.83tm

[ Vo 0.Cos 4g - ( Ta(kasing) ~ Ts Ckasing)) |

s_k :
kfrj_ r[\fo G (056-Sn4 g - ( T3(kasne )+ Js (ke sme))]

(Continued )



1432 CContd)
d32 E and H Plane Field Pattern of Circular Patch (TM410 mode)

150
e. See Fig_ P14-32e.

f. Do=Dg+Dyg = 70923+ 0.853 = ';?45
= YdB

]L,"33 . f=10GHz, 9 A=3¢m , d=o.lom
&= .2  h=0.1575cm

X "iq%‘;r-tan(m-kh)

=J ?:I tn“(ds ﬂ}.a|575-) 180

=) 254.167(0.53245) = jI35.33

From KR Garver & TW Mink.
'Miaostrip Antenna ‘l‘echnoloa 3_"
IEEE Trans. AP Vol 2%, ppz-24 . 1981

Fi& = P|4‘32e_
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1434, % impedance transformer , Zo=50 ohms , &=22
RL:lOO Ohh‘IS ;

Zy =yZ-Re . Z=\501l00 = 70.7106

Wo
e
. .
Zs50  z=m7 H
Re=100 N
“Wo= 048?[ G
Wi = 0.28B Cw

1435 two Section binomiad Transformer
Using (1-38)
o= 2" gni (ﬁ-!n)lnf '
D Re- 2o _ 100-50 _
'fnr N=2, R.=l00, Z= R.+Z. 100350

L
3

o
C
|

=00, % 275

= 53.09

Z
B %l 5  , Zaaf399 Zi= 6273

Za=500 _Z =5%0 . |
_f__,_FELL.?f—
=827 Lo J

Wo = 0. 489w Wa= 02091 ¢an
W1 =0.3790¢

14:36. Using (9-43) and (§45), we chtain
= e“.)Ne Z-Zo TN (S€chm CoSB)
ZLr g TNC SE‘FBMJ
Ta(sec Om ®SH)= 2 (Secom (o56) > 1= 2 SOC Om (1 1€0536) =1

Q@nﬁnueal)
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14“36((‘0?1’(’&) let the maximum tolerable value of O be Pm=0.05
Zt- et fo

o= =
(Zu+ Zo) N (S&CBI)-')
N=

: P e L
gBs T cs-snré}m)\!;__jL Soos 907

2
Ta2(Sechbm) = 25ectm —1 = 6-67

and hence Secbm =1.96 and Owm=1.04 rd .
Qeo (s20 *‘(H = emTz.(SeCGm (058) = em S'E?C'Lem' (05208 *'?m CSGCA'ém—i.)

f,, = i'fm Sec*m = 0.096
L= Pm (Sec®dm —1) = 0.142
Thus, the impedance 2 gng{ Zz are given by

2, = L+ Qo 214 [+0.096

j—

| i0or T8 {=Diph€ &~ [AFEF G0l
=il VR gt

By aPpl_yinj the iterative procedure jn ee (14-19)
We con find the appropriate valme of Wth .

Z=60-5 = Wi1i=0.36% om
Z2=8l0 3 Wa =02|8| tm
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]5-‘] a;is T
Array Factor ®

) -3 oS W A
i [eJkSCOSPl_eJkSC V% ] [ "r

(i\n far-zone: ¥ = %= y )

TWFirdrees 7 e 777

®
AF = 2] Sin (kS cosp)

A A
€ CoSP= aXis: Gr

15"2_ a. For all three corner reflectors

(¢=60° 45° 30°), the jeometriml Gordinate
System shown (n the adjacent figure wil be used .
The sources will be numbered so that the feedl
will be #1. The imajes will be desEjha.i'ed as 2 #3,. -
(in & Counter clock wise rotation)  as shown in Figure. 15.4(b) for the
{0° corner reflector.

o= 60°

Using the source arranjemen't' of Fijure. 165.3¢h)

b

X
2 A Source

sykr, < 4T i kr _ ey —krs s
B am=( O ke gk gikn | &he , o0,

ra r

for the main Source (#1) and the five Ima.jes . Por far-field observations
Por phase terms
N~y -Scosy, = V-8 (dxdy) =T~ SSsing sy
Fa =S sy, = Y-S [ (0.5dx +0.866 q?j )-Gr ] = - S(0.551N6 @sE +0.866 SIMB S M)
ry Y-S @sify = r-S[(-05 dc+0.866 a0y ) - Ar]= Y-S(-055InG (052 + 0866 Snp Sime )
Yo YRS Cos gy =Y—8 (e dr) =r+SSinecosy
Yoo r~S Cosps = Y-s[¢o.5 Ay ~0.86€ay) - Ar] Y +S(0.5 SIng Cosg + 6.86€ 5w oSimg)
Y¢ =Y-SCosyy=r-sl(e.5 dx —0.86¢ a} ) dr 1=r+S(-0.55118 Casg+ 0. 866 51M6 S m2 )
where  dy = GxSInG @sg + Ay Smesimg + Qs Gs6

( Gontinued )
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~2 (Cont'd)
15 For amplitude terws

NEra=r3aryarls orear
Maing these Substitutions and embming terms cfirst with fourth,
Second (ith fifth , and third with Sth), we cn write thal
E={(s.#) -e;i*rz { sinthssinecosg) ~sin Ths (o551 (o3 + 0.866 Sino s>
+sin [45C-0.55n8 @ + 0.865 SN SNg) 1 .]’
Uslnj the identities of
S‘m(x-ty) =8inx cosy + cesx.s*m/v reduces the field to

—E-o =2 i Sin ths SN Gosgg) —2 Sin (RS simp Gosg) Cos(—E-— kssines;‘m;s))

sikp
shere B,=f(o,0) 2
Utiliging the identity of  Sinax = 2Sinx Gsx
We can write i the final form that
-& = 4.5in (&8 stnp wsp) [os (A stme cosg) ~ CosC 2 ks singsimg) ]

oL=45°
US‘mj the source arrangement” of Fljure. 18.3(c)

_ ok Sk sikrs ke Siks gk akbr sikis
B N R e e B onay i)

for far-field observations
For phase terms

4 <r-Scos@, =r-S (Gx*dr) =r-S5SMeGsp

i = r-SCosfy = -3 [‘,—1—2 @+dy)- dr ] =1~ & (Sinbcosg +singsimg)

T3 =r=SGs{Pz=r-s(by-&) = r-5sing sing

4= T=Scspa=r-s [-rt(-d}ﬂi})'d}] ST+ & (Sing casg —~sing Ging )
Ms = r-S s Ps= Y-8 (-6x>6r) = r 45 sing @asp

T =r-sCosYg=r-s[ G (-dx~dy) - dr I =r+E (sing cosg +Sine sinp)
(7 =Y=S Qs = Y-S(-4y dv) = r+ s Sing Sing

Tg=1-5Gs Yo =r-5 [ 7z (dx—dy)edr] =1r- & (5ing Cosp - sing simp )

For amplitude +erms
NMXxaxra> ML =Tl ars =p

Hakira. these substitutions and Co'mbt'nin& terms Cfist with §ifth,
Secnd with sixth, thid with seventh, fourth with eijhﬁa), We @n Wrte

(C’wﬁhu@nl )
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15-2 (Gntd)

% = 2{ @S Chssing (osp) + CoSCks Sine Sing ) —2 os (£ sing @sg ) @S(Kesingsing)}
*]

tshere E°=f(9JF5) 'é;hr

K= 3p°
The procedure for this reflector Sollows those of the others
Using the geometry of Fijure 15.3¢)

= é‘j‘hrl éj‘lrz. Q‘ikrs é-rhﬁ; éjkrs*_'éji?’é E—jkﬁ; e‘-jkr&'
E ( M i P + M ¥ 7% * s rg & K2 ¥ rs

é‘ikr‘? e"j&rlo é—]hnl --,'*.na.
tRE St e )2

For far field observations
For phase terms
N=r-scsy, =r-s (ax-ar)=r-ssing asg
Ta=T-SGs @ =r-s[E(B{atdy)-Gr]=T—2 (1ESING oSP +Sine Sne)
[3=r=SGsys =-S[2(c 1T dy)-dr]=r- £ (simoasp + (5 sing simg)
4= 1-SGsPy=r-5( d‘, ‘r] = I-S Sing Simg
Yg = r-S(esiy = r—s[-‘s_(ﬂ*xi-ﬁf%) '(ﬁ-_] =r- S¢-sind ®sg +3 Sinesimg)
Mg =r-Ses@= r-s 2 (Fdx +aj)- dv]= - 3 (-3 sing cosg +sino smg)
lq =r-SCs, = r-s (-dx-dr) =Y+ Sing osg
fe=r-s cosgg = r-s[L(\Fdx ~dy)-dr 1 = r+EWFTsin6wsg +sinksing)
g=T-S Gsyy=r-s[L(-0x ~F4dy) ar 1= Y+£( 5ing cosg +(T Sihb Simg)
Mo =T-S @S = r-s(~dy- dr)=r +sing simg
Py = Y= SCsyy = I-s[1(dx—Fdy) dr 1=+ S (~Sinecosg +i3 sins Simg)
lia=T-30sPa= r-s[+(FTdy ~dy)- ar]=1r+ £(~3 smé Cosps + Sin ésing)
For amplitude terms
I"Inkinj these Substitutions and Comb‘m‘ma, terms (first with seventh,
Second Wwith e'lahfh: third with ninth fcurih with tenth, f‘fth with eleventh
Sixth with twelfth ) , We an write

—E—- =2 { (S (kS SinG Co5¢) — zms(g ks Sind osg) CoS( Lhssinesing)
=]

— S (kS SMBSING) +2 S (L RS SMB BSP) Cos ( i;! kS Sing sing) }
where E,=£(e,0) ____5&"

( Continued )
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152 .(Contd),

..o :
3.0
a=60°
2.0
1.0
0 ] |

0 2.0 4,0 6.0 8.0 10.0
Feed-to-Vertex Spacing (s/A)

-~
o
!

Relative Field Strength (|E/E |

B.0p—

el ¥ B

)

=

=

g 40—

5

e

]

“

¢ .0

=

p- | -
0 I 1 i 1 1 1 ]
0 2.0

8.0 10.0
Feed-to-Vertex Spacing (s/A)

|

8.0~
6.0— {\
i a=30°
4.0
2.4 !
. | Vi il ; | ]

0 2.0 4.0 6.0 8.0 10.0

Relative Field Strength (|E/E,|)

Feed-to-Vertex Spacing (s/1)

Fia.PES-? Relative fTer streng&hs along the axis (8=90°, ¢=0°)
for =600, corner reflectors as a function
of feed-to- vertex spacing.
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15:3.
a. For a comer veflector with an induded angle &=36 degrees,
it is possible to replace the antenna with a system of :‘vnajes,
The system of images Comprises ten sources Spaced €qually about
a circle of radius s , with al’cernatinj polarities. The field
determined from this System of Emajes (s valid for —(8°< @ <18°

Ny
4
#3
%5 L
*6 3&0 * 5- g
» X
% ¥10
#*8 %9

(x,y1) = (S,0)

(Xa, ¥2) = (S C0S36°, SSIN3E°)

(X3, y3) = (S (68 72°, S Stn 72°)

(K, Ya) = (S @S 108", SSin1o8*) = (-SCos72° SS72°)
U6, ¥5) = (S Cos 144', SSin 144°) = (=S o5 367, S Sin36°)
(Xs, ye) = (S coS (80", SS (80") = (=S,:0)

(X, Yy) = (S o5 2165 SSiN2167) = (-SC0S36°, ~S SiN36°)
CXs, Yg) = (S @S28R°, SSiN252°) = (-S@s 725 ~SSin72°)
(%7, Y3) = (S o5288% SSin288°) = (S ®572° ~$Sin 72°)
(Xio, Yo) = (S Cos324° SSIN324°) = (S C0S36° -SSIN36*)
E.t > __E_o eiju

E-: =-E,eiksus36° o jksvSings®

Es; = Enegksq Cos 2° e) kSVS8in 72°

E, =E, /KU Cosz® g JkSVSIN72
Es= E, §)KSUCOS36® o jkSVSIngs®
Clontinued )

316



15-3 (Contd)
E = -..E.." e"j'kgu

Eg = -, e‘ijﬂQ}S?)" e‘jksv Sin72°
Eq¢ = Eo eiRSumsn® gjksvsin?2®
E = - E» @JRSUCS36° o7jRSV SN 72°

lo

= En = E, [ e*SU _ o kSUCoS36" jReVSings®

+ eiksUCos 72 ‘ejhsysin 72° _ yRSU C°37-?°ejksvs'm7a°

im
I

+eiksu C0S36° jRSVSIN6® _ ciksSu + o ikSURS36° g kSVSIng6®

_giksu COS72°-j SVSN 72° , ojksu cosya®orjk svSin722®
—eiksu@s36°jksvsings®

= E, [j25In(x) ~j2Sin (X 0s36°) 63Y5i"35°+j 28N X s 22°) @) TSN72°

_jnzus‘ln (x C0336°) e-jY\S‘mgs"' +J- 29-"1 (:){_COS?—JQ) e"'j TS|H7.20J
= E. [j2sm () -j4 Sn(x ws36*) Cos (Ysing6*)
+j4 SIn (X Cos72%) CoSC Ysin 2°) ]
= JEo- 2 Sin(X)-2Sn (X 00S36°) @ SCYSin3g®) +2Sin (XS 72°) (o SCYSIn12°
J

where ; X = kSu = kS Sinp CoSg
Y = kSv= ks Sing Sng

mjlec’tiha, the “j”, we can write the amy factor as
AF(8,2)= 2 [Sinex) 28 (X CoS36°) CoSC YS362) +2 Sin (xtoS72%) GoSC Yoin® ]

b See the plot on the next paje for Gomputation of the relative
Lield s’crencjth.

(Con‘tih ueo{)
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153 CCont’d)

10

relalive field strength

0 1 2 3 4 - ‘6 7 8 9 10
feed-to-vertex spacing (wavelengths)

C AF(0=90°, g=0°) = 2[Sin(ks)-2Sn (kSC0S36°) t28 (%S CoS 72°)]

iﬁ{- y =2 [ coscks) -2 CoS36° CoS (kS (0836°) +2C03 72% CoSChs 005 72°)]
d (kS

The -first zero o-f %({ATE Correspoﬂdinj to & moximum inthe

velotwe field Skrength occurs for
ks = 6.45 or S= 102

The relative €ield Strenj’r\\ S j'wen by

|AF (6= T, g=0)| = 7482

(Continued)
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153 (Cont’d)

Normeljzg power m

240 300
270

319

5 T T T T

4- A

3_ {\

2 |

ANV T

s, | fe o 22 | |

3

BERS T A RERE

V|
i

=3} |

B

-5 1 1 A i | ] L L

0 2 3 4 *S 6 7 8 10

feed-to-vertex spacing (wavelengths)
d.
901
120 60

0.8
0.6

150 30
0.4
0.

180
210 330



154, AF= 4 sin (&S sing cosg) [-COS( ks singausy) - cos (V3 48 singsing) ]

AF=4S-|H(¥)[COS(‘?,-_§)"COS(@4§'0)] =4Sin (g)[@&(‘k?f) = _1] B=0°
AF = 4sin (45) [cschs) - 1)
AF = 48in (%) [escks)-1] =0

sin (%) =0 3 4‘3 = BN (0) = M, W20, 1,2 =~

N 2mIr .-221:':-/1‘!' = M?\ m= o, ¥, 2.
A

Cos(kS)-1=6 9 @s(k) =19 = as'(1) =2mT, m=0,1,- -
= Al _ 4AME . owmn, W=0,0,2,

® 2T/A

. Sl w0 g

15‘5 From (15-14) we Can write for Y’=re, 6= 8o
2f = Yo (1+ CoS6o)

u\s'm& Fijure. 15.10 and the definition of the Sine function

grf—z'%rcv: d/z = d

Sinbe = -
o s, 28Iné,

When Substitutinj it above, we can write

.2.5.?-1"0(“—0)390) i 2§thﬁo(l+ma°) %fz%—l{{%

us'mj the trijonometric. identity CSee. Appendix VI-1)

oy E I-H‘oSo(
Cor(:-) Smo(

reduces the above equation to

§=gqotCl) 5 F=Lar(d)
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156.  From (15-25) =?7ii=i'c‘ot(%°)
a. 9=90°:.§_=4.'_ ot( %) = = A Gt(45°)= x = 0.25
0o=180": £ = }or(182")=2wt(90°) =0

0°< B8.<180° : 0.25 > fMd >0

b- 0.=0°: §-=4“'(’Ot(0)200
b= S8 =zt (¥) =z ot @5°)= 0.25
0°< 8o < 90° - 0 >F§/4 >0.25
llog AR TR fegion is Commonly taken to exist a distances
jrecter  than 20/ from the antenna,
N bein g the uJaUeQerﬁ‘H'o ; Dt dimensionof diameter.
Bt/ D=10 meter, {= 2GHZ 0. I15meters

ZCloa)/w_ls) = |333.3 meters
{= 4 GHz )=0075 mefers,

At 2GHz 5 R?>

At 4GHZ >
R > 2100 /cy.075) = 2666 .66 meters

158.  From (2-u0)

— 4%
Aem‘-q_z\;[;D =2 D“%Aem

u:singr (12-40)
= R - R SN 2 L rud\*
D= 4T Aem = 2 €, Ap = R (O(me) = 4T (d)*= ()
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159 On the surface of the reflector, the Current densitj s j‘tUen by
(15-29), Which can be written uging (15~ 32) and (156-320), as

Js =21[—[hXCS.XE )]= ZJ—Ci\JGfCe;s) [nx(arxé’«)]

The polanzorfon of the ssurce can be writen as
dy = Gr sp’sing”+ G4 Cose'Stng’ + by wSE’
Referrmj to thure 15.15, the unit vector €i com be wriften as
B = ertajxar)
| & x (&j)ﬁar’)l
which by using the vector identity
Ax(Bx¢c) =(A-C)B-(AB)C
Can be expressed as
& = (Br-Gidy - (Gr-dy) & _ . &y ~(d¥-dy)dr
| (80 dy —cdr-dy)dv| [ Gy -y dy)dr]|
Using the. transformation of CVII-12) or CVII-120), We an write

the numevator aS
&y = a¢: dy) ar = 0¢ Cose’ Sing” +0j Q0SB

and the denommator oS

lag“‘fﬁr a,)ayfl \/[- sin*e’'sin'g’
Thus &y (- By) O’ _ by CbS'B’Sln;a"-l-ag'C‘oSﬁ
i | dy - @ - d‘J)a,/\ J1I — S'g’.Sim*g’
... krf

e 'Jé—zrcl G (639 )—J[Mfw@ =25y Gfélpa R

where U= Nx ey x ;) = (nx&;)ar ~(»nxar)e‘,

Eventualy M Yeduces %o (15-34) by ug‘ma_ (15-18) and
(VII-12) and ( VII-I24)
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1510 E=(d+ cx"J sing cos¢ ) f(r0,p)

a. Gross Po| =Sing CoSP

Maximum : g=0 = Z€ro
¥ =90° = 2ero

2 = (80" = Zero
b. Cross Pel = Sng g = 3SinC28)

Moximum 3 &= A% = 0.5
&= (SR 0.5
k= (&+&JécnSCosﬁ)ffr,g)ﬁ)= (8x+ 0y SMPCSE)  Lor 6, )
{V + sin cose

E= Qufre,g) @ = Ox+& Spaosy
V!t St esis

: !
:“"=_3dB
| + S\ Cos , =
+ m,?.fO’Ja”g=45,,

—
-

PLF = | bedul’

Sy cog’@ , - 1,228520_2=_,748

d. pLF=1d;- 41’ S
+smiefcos/e;g=45°

aﬂ\ - (d\:r + a[} S“n/ﬁ COS/@)
J | + Sin# Cos’%
_ | ax+ Ay Smpcosy
P2 4 e -
‘( y :+Siwﬁ2ffasief) (
| + S8 (5
| + &n’p’-c«os',@’

151 orf p eed gyaa e

[+}

& + dySing cospr ) !2
4 |+ sinposy

3.
- =1 =548

o]
5 kr’[1-Sn6’Sing coS( ~g) — Cose’cose |
x € :

wheve .or A6, 2
I = { g &fge,w

o *]

x [ hx(-dz x€ér)] Y*sing” sec(&) de’'dg”
By Lnsing (15-372)
o ud = Qo [-6s (R 8r) =6 Cos(E)] = (4. &.)sn6 — do-€r GoS(L)

Byid = by [ &y -r s (@)] = G brcos(®) (o Ly
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1511 CContd)
Toward =T G:{ua_ﬁon (15-49) reduces to Cli5=51). This is Gﬂbmpl?ﬁn&l
by making_ the foucwin& Substitutions. The exponential of (15-49)

Can be written as
Y[ -Sinp?sing - Cos@’~z) — CoS6” cose] =r/Cl+cose’] ==2f
=7
by USUB (15-14). Also
Ao » = " : A g:’
Ge'-‘;_l |a=“_ :[(W'ér Sing - Gg Cr COS(%)]E=T|" ~Qp & Cos(3) ,G-:fl'
i &/
g M Ie,=1r = ~0p°C CoS(Z) [ gg

Assuminﬁ azimuthal Symmexry, we an write I as
T = -2 Ve 9D Geérdyb
--Urg (do-& +dp- é\), VfoB) e}"ﬁ r sme’dﬁ’

Since  1'= fsec?(§) asjux-:n by (15-140), we an write I as

b 2kt - 0o
Ile.-:}r b 'erf e) fj [[ﬂg -+ ﬁg er):l ﬂG‘f(B') '::i?/)def

'SG’C‘(B/)COS(G)Sm(g ) de’

Since  Sig’= sn(g+ &)= zsfn(ﬂ)cogfﬁ_’)
Tloor = anf €4 (*[4,4 +05-6)] &1} #an (2
ASSuminj the Crosspolarized field ts Sm;ll

(do & +dpé),., =-1

Thus I'B = -4t i} /( Ge@) tan (£)de’
and Y2 =
E o= LT e Be). (4wfe’ ) (Ve tan (ydo

2nur

N L

bhich s used *o ]Corm (15=520) , (15~ 53), and (15-54) |
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1512 f=3GHz, A=0.1m, d= 1 meter.

2
Du Lo (F)-\i) : éﬁr . Gar . aPey“.t’ure e‘fﬁcienc}
% uniform llumination, €ap =1

Do= (T-t)*- 986.96 = 27.744dB

0.

b. Ea.P= € €Es= (0.8)(0.85)= 0.68

Do = (D)7 (068) = 67713
De=67/.13 = 26.27 dB
+oral Ql')emiq'fe e'ﬁ‘iclenry f@ar'—‘o-ée = -~ |.6741dB

1513 Fld = 0.4284
Q. Ue'mj (. 15—244)-
b = o [2E) ] = tan'[22204264) | =4an'(17638) =60.53°

&) €0.4284)* Yie
@, = 260 = 121.06"
b. us'mj (15-55)

eo - 2 Al 8o > a
€ap="cot*(Z")| qu@(e’)-*an(%)da’l = o (-‘})IL VZ Gs(g) tan () do|
= 208 | (*sin(B)do]? = 200£3()| [-2cos() 1% |
Cp =2G1(E) [2-203(8)] = Bt ($)[1- es(&) ]
e‘1P (6, =60.53°) =8 cot*( ég‘irir) [| — CoS (60.53°)] *= B‘(2.937X0.0[3576)
€ap (8,=60.53°) =0.43644 = Eap =43 644 %,

C. Do=€ap(R)’ f=GHe > A= 308 _ 315*= 0,03 meters
d= 42.672 meters, D, =0.43644 ( &4&%’)’*—_-3,7/5;(;0‘ =69.44dB

0.03
d. Using_ (15-65)
5 (1-3)"=[1-2(g)*] "= 0.9618 5 D< 0.9618 D,
< 0.96f8(8.'?/5><l0‘)=8.3822x10‘= 69.234dR

=2
Do
R
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1514 f/4= 0.38
; g -1 0.6¢0.38) 1= cR®
0. Using (15-24) .= tan'[ 3220 | = 6668
From FEju.re 15.20 Gy = @s"e’ = 0SB’
b. For Gf =6’ = €ap(ho=66.68°) ~0.63
D= (Ir{—l‘)*‘é‘aF = [T.@%QM]AO-S\g = B&729K = 37 538dB
c. From Figure 1522, the field Stre"jth of the @s*(e’) pottern
altm\j 8'=bo= 66.68° (s 8dR down 'from the mox'-‘mum-

1515 When o reflector is illumnated by a point Source. located at itsfocus,
the amplitude distribution on its dperture is not uniform . This is evident
by recalling that the enevgy rodiates by a Spherieal Source decreases
by > Cp* for @ cylindrical Sourge). After reflection from the parabelsid
the rays are parallel to eoch other and mamtain the same evergy density
distribution.  To dlerive the amplitude taper on the aperture &{a paroboloid,
Jet us refer to Figure 15.10. ASSuminj initiatlj that the feed Source s
ISokropic, the power radiated within a cone of included angle. dp” (when
Yototed about the Z-axis fchroujhsso") Can be Written as

dp = C (™ (sinp’de’) dp” = 2rC Sing/alp’

where C is a constant. This pewer must alse appear in the. aperture
Yinj oA = 217() de tohere P’=r-Sin8’ Thys we can rite

dP _ owcSne’ds’ . IMC-Sitnd’'de” _ . L de’

A amp’ dp’ arrkemgide’ =, ' %

Since dp’ = vdp’

fll—f: =C‘#deﬁ‘a‘r = -(%1 ¢ USinj (15-14a) , At reduces to

dA T f*sect(6h) [f secx(v/y)]*  FA[I1+4an?(0%) ]2
ly u{:il'ia—inj the tr'[jometric ide‘nt{ty of Secix = |+Hdan™x (See Appebdix VI)
It can alse be written as

= = eshg)

.G_IE = < v <
aA 2L 1+sin0%)/ ws*(672)]
If the source is ot omnidivectional , and U has a symmetrlo power pattern

G0, then —3% =G (6) cos () for j‘%’ to Yeman Gnstant | Ge(e/) = Sect ( ).
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1516 Wa /2

. f f Gf(ﬁ’)dﬂ- TTGD as*(d) smgdo'dg’= 21G, f asHY) Smo’do = 4T
/2 /2

Thus G, f Cbs“(i)Sme’de = Gafa -oS4( ——) Sin (li) ('oS‘(B_) do’=

or T2 G)szg)d(fostgf )
Gogo @55(6)@[”(&") &, fo ¥ ol
Trz Y /2_ Tr!'z _L
o (] o [
° 3 3 :
Cr [os’F) ~os@) = -3 26 —__—_1 COS‘(W - e T 346

b €= o8] [ et ten@) " e 65 ) dan ) 40| *
6o )] s g sin ) 0| = & ooty [ [ |
- 6. o) - 1% 1= acott(e) [ Loste] G, ot & )sinf(82)
€ap = Go “’3 (). 2= st &) = G, Cos*(&)sin ) = Go [ 65(E) 'Sm(ﬁé)J

A( )
Go[zsmcea)] G“Sm‘(e,)— ._458_55:“ o =08875 SnB,

éa]: = 0.857/5 Sin*B,

C. 0,=90° for moximum aperture efficiency. The tota| subtended angle
1S equal ko ®o=20,=180° The maximum aperture eﬁ:ctewcj is equal
to €aplyg, = 85.715%

1517 @ 6.= tai' [2209220 =950

(0.25) *~ /15 y :
From (15-59b) €ap= 40{Sm"(45)+lh(('08(45°))-3' Cot (45°) = 23730

: 2
b. D= 0373 [ "= 654464434

C Cy= S-font(o’).s'ma’-de’

: =1 Pecause the dish has Such o farqe.
ﬁ" Ge (67)-Sing" 4o’ tncluded angle, surrounds the
feed pattern completel ly.

d. ese,,-_-eqF D ey = _iig_ - 0.373
& als

= 0.872
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FI8 e inteqral %0 find €ap or €¢ divectly is difficut.
Best woy © to find GqP from dlrectfﬂty and then divide ng ép‘.uéuer

Do = (E%]’“édP: 5.42 X10°

T(lo) k4 B S
[Wﬂ EaF = 542 %10 = EGP 7909

20°
= & [Mostwsnow’

i) Mtd,s #
#Y@swefsme'da': AL

GD g‘yﬂc' CDSIOCB") S‘mﬂ’def W+I

w130
= = CoS (8')], .
Cenin ool = 62055 -1 _ o nops = €
"COS“CQ’J Zo =1
SE TR Sihdeidl sthametticiend )
= nce all other efficiencles are (00
€t = 07909 -  0.9954 = €
0.7945
8
1519 f= 9GHz 5 A ‘;;“29 = 3x10'=0.0333 = 35 == meter
gk
Q. Gor—*an‘[ 2('&‘5) }=tcm [ 3 (0.536) *&ﬁ‘{ 0.268 ‘}:kaﬁ'(l-l?zz)
H~% (0.536)™~Tg (0.536)™ T
Qo-— 50°

€ap (N=2) = 24 {Sm (&) +an [Cog(e" ]} Cotl( )
= 24 {sin*(25) + In [ (o3 (25)] | cot*(25)
=24 { (0.4226)>+ In[09063] ]2-‘(2.[445) =0,7099

EaP = 0.7/
Ay N
Do = 8882644)(!0 Co.71) = 6.306677X10°=57.998 ~=58dR
b- Aem = Do—AJiT'(So) (6306677)(10;) B5.763 m?

= ap APhYsucai 073(—1) 07’(“[00) 55.763 m*
Aem = E'T" 2 P = AemW; = 55.763 - Clox16¢)

B = 557 €33 X166 =0.557633 x (0% Watts
Pr = 557633 u Watts = 0.557633 ‘W watts
Aphys = R @ikl o E% =78.5398 m*
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15-20 ;
~ 9 _ 3xlo8
Q. D" fap(g;‘c) e EX:‘O? =0.06m
C=2ma = 2Tr(%)= Td = 3T meters
TL)A:E"‘P(‘T:F%)L= E“P()\) “075(005) 75(3/50) 0.75 (50T)"

D~ 075-(25007%) = 18, 505.5] = 42 673 dB

b

Aem= 2D, = %" (1g 5p550) = 5.3 me
Rr = Aey Wi = 5.3Ctox105) = 53x10° watts

c. Pr=53xI0°¢ (1=I12) =83 x16° (I~ [0.2]2) =50.88 x16¢ Watts
Pr = 50.88x10° watts

- o 260° oz SORIO¥
i/l ef 6 o 3Cm =0.03m

T =7 Cot (8e) = F cot (62°) =4 cot(307) = & (17832) = 0433

d=7%/0.433 = 5/0.433 = ll. 547 meters
d= 11.547/003 = 3849 A = 0 =132.45A

a. HPBW = 23.2 s =0.15°
o/ N 192 .45 :

Sidelobe Leve| = - 17.6 dR

Divectivity = ( Td)* [ (3849)] = (1,202.199) =1, 46 2,162, 253
De = 1,462,162, 2558%= 1. €5 dB

d. D, ( kraus) -£J53£_l3) = 1,833,466.67 =62.63dRB

Do CTGI a perequ) - '7-2,8‘5 : 7—2;815 = 72,8'51=!,518,”L“
=62.09dB
~(4ATre/a)>
E. e — 1—035 Fa_ctor.
¢ = 0.64 X103M f0.03wm = 21.33X10 A
[F=¢ ~(41(2l1.33) x1073)2 _ = o (0.268)%_ g 007187

0 787

LF(dB) = 20109,© = 20(-0.0787) beg.n®
=20 (-0.07/87) (0.4342%) = €0.07187)(8.686 )
LFdB®) = 0.624 dB

1
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15-22 f/q = 0.357, d= (0 meters, Ge(87) = Cos™( 672 )
0o 2 .
Aty = 5,, G (8') Snp’de” _ Y?COS‘CS'/;_) Sng’de’

g Grf (8') Sine’de’ S":r Cos*(8'/2) SMo’clB’
1 HE
f, = tan” [ =(¥4) ] = tay' 2(0.353') ] =i—oﬁ'[2.‘?d83] =70"
(f/} (m) (0.357)=Vis
Bo s X 6‘-‘ 6; 3 A el | B0 ’
N =_( CoS (e’/z)gmada’:f ({i® ) sing'dé =§H (Sng’+®se’sing’) d6 }
' By e &
=3 {[-on-%¥], [ = -zlosbrzodt-t-2 [,

N = -3 [0.3420+2Conm0) - 15 ] = -2 (-10995) = 0.5498

o rr
I
]
o
a

D= S— CoS*(872) Sing’db’ = - [C0S8,+2Cos g B 6] e

= M0 5498 =
€s = 0?5 = 6.7330 = 73.30,
b. €t = 200£*(8) | (et tan () dor|* = 2cotY(%) IN

>
fe" Gy (¢') smefols’

i3 W@—’J kan(§)ds’ —W w!a—s(&’) tan (&)dy’|
=|["ostg) tan @)ee’|* =[("ws Smfﬂ} do’ —-{( Sn(@)dor|”
= [2[Mem(&)d(E)] = |2 [-s@)]} |* =2 2[-wsasy+1]] = @367

N= 0.1308 .

D= g e G (") Sin(e) d’ = L 7aco§(g')-s‘mefde’ =0.54%8

€x = 201 (&)Y = 261235921308 - 4075, (%%—) =0.9906= 97,06

0.5498
C, = €s'€x = 0.7330 (0.9906) =0.7115 = 71157
d. (wd) €ap , A= fo’“?s? 0.03m Dy= (“(“’)) (0.7115) = 780. 23x105

Do = 780.23 X10% = 58.92dR

€. D=D. e““m)_vsozs x10® ef /°)—-’780 23x(0%€
= 780.23 x 103 (0.9843) = 767.98 x(0% = 58.85dR

=(0.]1257)2
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1523, Fom Figure (5-27.
a. /4 =050 o =134, b= 094N With 0 and p, of any vedie

b. /o = 0.75 3 = LTTA (Pa=2R), 183N (f2=32, 4, o0 )
> by = 1227 (Pr=2A), .26 (Li=3A, 4, o)
. $4

L0 20 =24 (fa=2N), DT (€4:3>\)) 2.377\(62::47&)/
24N ((Jz= 00 )
3 by = L4IA (=22, 157N (pi=30), .64 A (o= 41 @)
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