ECE 435 Kempel
Homework Set #2
Fall 2000
Due: 9/18/00

All homework must be completed NEATLY!!! (If I cant read it, I cant grade it!)

All problems in Balanis, Antenna Theory, 2" Edition
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ECE 435 Kempel
Homework Set #3
Fall 2000
Due: 9/25/00

All homework must be completed NEATLY!!! (If I cant read it, I cant grade it!)
All problems in Balanis, Antenna Theory, 2" Edition
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3-1.  If He=jweVxTe 1)
Maxwell’s curl equation VX Ee = Jjuu He Can be written as
VX Ee= Joute = Juucjoe VXTie) = @ue Ve
N VX (Ee-wHe T ) = Tx (Ee~ &™) =0 where R'= wpue

ie{'fim .
J Ee-kTe=-Vp = Ee=-VRtk Te (2)

Taking the curf of (1) and using the vector identity of

Equo,t-ioh (3-8) feads to
VX He = jwe XV x Te =jw€[VCV'7Ie)"V°‘lTe] (3)

US‘('\r:cj Maxwell’s efiuaxiovx
UXxHe= J +jweEe

reduces (3D to
J + jweEe = jwe[V(V-Te) =V Te ] 4)

Substi'tuﬁmj (2) into (4) reduces to
Vile + KTe =L+ [V(V-Te)t V] s
Letti«nj G = -V.Te Stmplifies (5) to

Ve + R>Te =)o

ond (2) *o (6)

Ee= VCV-Te )+ K Te -
Cémpminj 6) with (3-14) leads to the relation
Te =3 i A ()
- = -jwu VX T
3 2 If Em _)“7“ -m™ (1)

Maxwell’s curd equation VX Hp=jwé Em Gan be written as
VXHu= jwe C-jom VX Tw) = ayju.é VX T,

° IX (H= e Tp) = VX Hn~ R ) =0 where k= e

Lettim

“S o= = -V S Hm = =V, + k*T,, 2

(Continued )
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3-2 Cont'd)
To.kinj the curl of (1) and @nj the vector £Cient2tj

of Equation (3-8) feads to
TX Em= )M VX TX T = Jw/AEV(V Tw) =¥*w ] (3)

U.smj Moxwetl’s equation
VXEm=~U-j@Hm reduces ( *o

-M ’jaju Hm = -jcqxf\?(v-m,) -y, 1 4
Substtt@i'ﬂﬁ (2) into (4) reduces to
Vilm *+ & T = o—7+f0(v )+ Vo] (5)
i{e’cti'rj @ = —V-T'm Gtmpbjge_s c8) to
e o t:.‘

Vit £ 0= j Iz ; , 6)
and (2 *to

Hp = V(7 Tw) + &Iy o

Gomparing (6) with (3-25) leods to the relation
Tm =z E




The solution of V2Az=AJz Can be imferred Srom the
Solution of Poisson’s e%a.‘tion
A= -0
V ¢‘ E—
for the Pdfeﬂtfdﬁ ] (’ (X747 2’) represents the charje density

&)

We beﬁ‘m with GreenX theorem
jvcil/v‘sﬁ-¢V‘§b)°‘v’=§;(zpv¢—¢vgb)-ﬁdq (2)

where % and g are well behaveel functions ( nonsivngular, Continuous,

ond  twice d,iﬁeren‘tiwue). For P we select a Sefution of the form

- |
P= % (3)

here RZJ (x-x)3+cy-yH*+cE-2)* (30)
By Con&]derinj the Clnavje at the or'j i of the coordinate Systew.

it can be S\'\owv\ thcd: Cpmmdeol r#o0)

Vi =71 7L )"'rls no ae(s‘“eae)’*'ra&n‘e a/@,j’V‘(,_) =0

Thus (2) reduces to
4 /
S‘ P 73 dv/= —~ ff_cf_if_ dv” (4)
To exclude the r=o Singularity of WP, the ocbservation point

4,2’ i3 surrounded by a sphere of radius r“and Surface ",
Therefore the volume V is bounded by the swfaces = and =/
ard (2) is broken into twe integrols ; one over . and the other

of = Uswg (4) reduces (2) *o
——Lf—edv'-—§ CPIE - FTP)- ndq+§ czpvcﬁ ¢y )-nda. (5)

ndl
&(qub c;svzp) nda= §[WV¢> q)(vzp) r,] nda

Zl
"Ti"é 3£ da —’r";;_§ ¢ da (5a)
(Continued )
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3‘L} (Cont’d) Since v’ is a}bifmty R At can be chosen Small enoujh

so that ¢ and %.Q);. are essentially @nstant at every point on !

I we make r’ Projressiuel) Smaller, Band its normaf derivative
approach their lim}tinj ValueS at the center Cby hypothesis, both exist

and are Gentinuous Sunctions of position). Therefore in the Limit
a8 r>0, both can be tuken outside the integral and we an

write that
“ § (pveg-g VZ/J)-ﬁolq = —4T ¢(xY4,Z) 6)
= ’
Since
£ 22 0 ____ _ (4T r) =
{.gno r,§ da = ’(—:2 >—r’§ do. = '—)o Y )r=r’ 0

Subst}tutmj (6) mto (5) veduces it to

ey ® = e SN+ 5§ [FB-pvE)]Rda (D)
The first term on the right side of C7) accounts for the Contributions
From the charges within X while the seand term for thase outside Z..
Expansion of = to indude all chages makeg the sewnd term to vanish
and 1o reduce (7) to

L (CUxigien,,,
Beoy, 2= awehy o AV (8)
By Comparing 24, < HMJz with (1) we can write that
A,g(z,g,-zf}:t’iffﬂjif":#'»f’) dv” (%)

Jor more details see D.T. Paris and F. K. Hard, Basic Eledtromaﬂ"ef'c
Theorﬂ McGraw - Hill , (Y67, pp. 128-13).

For the details of the solution of €3-3)) see
R.E. Gllin, Field Theory of Guided Waves , McGraw=-Hill,
Y60, PP 35-3%. It can be Shown that

—kr
Az = %L 3}.(1',3' Z) — eJ dv

Because of the lengﬁn of the derivation, Lt will not be repeated here .
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ECE 435 Kempel
Homework Set #4
Fall 2000
Due: 10/11/00

All homework must be completed NEATLY!!! (If I cant read it, I cant grade it!)
All problems in Balanis, Antenna Theory, 2*¢ Edition

4.1
4.7
4.15
4.16
4.22
4.28

Al



bl asm'}l/ J1-cos* Jl—\dz -Gr|>

= /1 - (sin6-cosg)>
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4Ty
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Y
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A N A a
|—cos*p = 1 — (91:*_51- Or )

Sy =
: GS6)
N+ O Ao_ [ Ox Simpcosg + & Gt'hGStm¢+Gz
c diady g (§0B) (bt
= sing cosg | SmeSMP = Smé (osg+Sing)
VZ e
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Hy =) £ZL &% [T Tlavie (cosprsimg)’]
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/u;r,,e)kr( e)*“ (ose) £’ d [ ik (1~cos8)2” ]

47 -j k (L —Ces6)

-~ Cl- ’
Az =~ HML.e7 e)*"[ gik(!wser 2 } /“Ioﬂe’ SiE_SimcE)
4ur o

“jR(1=cos0) 4Tr z
where Z = —- (1—cos0)
(a) Ar = Az 0S® Eo 2 -j0As
-fietd =
Ae = —AzSiné 7 For for-fied = { Eg = johy
Ag = 0 Er ~o0o

~kr _: . ‘
Therej%re Er =0 = H\r'/ Eg ’-‘15 _a_?Z‘_ILQ_e_)__ eJZE%Q-Z——)SIn

4Ty

Eg=o=Hg , H,,z—_'fzg

NWave = Wraq = %EeFEXH“J = "“ lEe‘l

= L l w/ulol SInCZ) Sine
J-?l Amr Z

6




W6, @ A= 1 §ar- &AE( T,

= JxT+ yre z-2T
X'=Y’=o

Making a change of wariable of the form
Z-2’=-p , d#/=dp
recduces #he potential o
Az = /‘%Tlfm s*VrrP?
USmg J @m*
oy
We can write he (Jo#:eni:laﬂ as

Ax = L2 HPkp = AR 4O (kg )

where R =(x-x)% G-y )tz -2)?

4P where. C*: x*+yr

ot = oym H&¢ l,(a)

(b) fj=];'\7'x6 and E-J;;vxrn
Since A(; =Ag =0, [m cy!malnc«i COoYdi*noi’e&
~L g aAZ a.)
Using Equa:t«on (V-19), we can wnte the 'j"flelo‘ as
H = dy Ho =~dys j &= HPeke)

o)
where H; (#0) is the Hankel function of the sewnd kind of order
one and c\rjument ke.

The eleckric field can be olotai'ned Using
E-= we VXH coe’:I 3¢ (GH)”” ql dwe aHg* Hﬂ)
= Oz swe H ix > H 20k J%Hf"(ke)]

4— %
Since ae Ry (4«@ R HE® (kf) %Hg"”(ke). by usin& V-8
Ahen A
E-= dz [ Zoe VR H(‘)('ke) ] =-az M;. :‘)[ke)
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_[lE] -
ey

M=[4] = |Zn=ze :/z*"/zc-—l
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Largest = [9 Erahk
8 Zin
Zc,‘z = Zin= 2% = |00
b Rin= (114 g*" Mo < L < 2
W2<4laq 2

00= |I- 14 G+'7

O 417
=G 8.9767 = C—'r4"'7

ﬂoaw (8.'?76/7) = 4.1'7,%3‘0(6-) . 0953= 4.7 fogm &G
0.2286 = fog, & G = 0'2186.: . =44 _
Fo&, &G =10 [-69=8 KL = 76 79°

*d = 2 (1.6728) i=w = 1:6928 = 053882
™

L= 065388

(€) Riy= ?“ 2 Rr= ,,sm( ) too Sin*(96.99°)

Rin= 100 ( 6.9926) = 100(0.9852) = §8.52 6hms

im < 78.52 ohms

L28 =272, Zc=50 ohms
. o __l_ 1 73")425
Zin = 73+4j42.5, Yin= Zn= 73+]425 73-]425

Yin = 000023 ~]0-0059563 =(to.23—j5.?563>><\o = Gin~j B,

By = WC,= 21f Cip 9 Cip=—210 = 5.9563x10°5 _ Si2
n ]c in = 2T f 2T - (10X108) =0.947917 x10

- Cin = 094797 pF
Grin= 10,23 x103
— Ru. 795 -5
Rin—- Gin '-7775 ) r?h = *Zc _;77—'75:—5—6— 0.3232
SWR = |+ 10l _ 1+ 0.3232

| =1T%n] | ~0.3232

= .55




5-13. Sine Eg ~ Ji(kasing)
6. Egl,.,=Jitkasing)|,  =Ju@)=o0

Eg lg=m, =T, (kasine)|, o .= Titka)=0 = ka = 3.84
Thus Q:w-k—&sl} 33—5———‘21_‘_7\ =0.6llI5 A

b. Since azo6115 Ay 0.5, Use large leop approximation. According
o (5-630) R.= goni*Cn) =60 Tr‘(z%‘—‘) = oT3(21 (0.6 15))
= 2,273.94
The direckivity is given by (5-63b), or

C
D, = 0.682 (£) =o0.682 (L2)=0.682 (2M)(0.6115) =2.6(F
5-18. —
) = (ka)’ﬁIo‘éjkr. " <f>
) E?‘_’Z_'_Z}'—__‘S‘ne "'7/////////////3”0'—') TTT7 7 /////;oe
|AF| = |2)sin (4h Cos6)| xi“ @
Eg=7 1ST.€* gng  S=ra* Ty o=
Arr .
sikr
RLE™ . .
Ey), = Eg (AF) =7 122—Sing: zsm(khase)] < above ground plane
Bs)e = Es (e [) total Sfc'e(d.

b. h=n, Hkh=a2n

Sing- [2_~)S‘m (QWCOSG):I =0 , Sin (2TFCOSﬁ)=0, 2N CoSH = nTr,
n=o,1,2

8=0°, (867 7, n=0,1,2.9 Bn=0",
B, = C0$(0) = F0°
Bi = Cos'(3) =60°
B.=0oS(3) = 0" ( Continued)

518. (Cont’d)

C. (Ep)e= CSMOSIN(kherse)|y_¢ =0 = c(B)sin@.nt)=c 2 sin ()
Sin(‘{—@):o 2 %’:S‘(ﬂ'(o) =NmT,N=0,1,2,3, -- -

-;\‘1::1:?1 P P‘lys‘:(c»d ijero h&jh‘t-’é h:nll n=1,223,---




