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TJust os For The pohk\\e\ P\o)(e oocuue.gu;\d&. e
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Tromsverse Magmetic CTm) wmode s
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—— ’
nows & Tunction of tur- vaal (e

Let B2 Guy) = FO)3ly).
The. wowe ecbuminé'n becomes
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Twe oo e%ucd'\'ons hane s\‘mi\mv soQujn:rr\S

£(x) = ¢ cos (Bx) + Cp sin(Bx)

where  R= VHRZ-AZ

omd, 363) = g eon (Ay)+ Cqsin (Ry)

The complere produnct solufion 13 E—; ("1‘3\ = fx) 8(\3‘)
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Field patterns in a rectangular waveguide. Field configurations in the xy plane for

selected rectangular waveguide modes. [Taken from C. S. Lee, S. W. Lee, and S. L. Chuang, Plot of modal
field distribution in rectangular and circular waveguides, /EEE Trans. Microwave Theory and Techniques,

33(3). pp. 271-274, March 1985.]
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L. howe not talked aboud how to couple power nto

Pa./\hc,dw modas.

The, pPrache s 1B use a Probe (so"m.m) that wl
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To exaite Tha T moda

{/ we need c\rou&ouu H felds .

In Pr&d{ub waNQS\.Llé&. d\w;ens"xons OAC. Chden o adlow
only mené\e moda 5 pnopu%otta,»

'PC mf\é

TEI’).)TmiZ

2
2
4 A — =
A Y — P * P W,i_ G\'
t
1 2 3 4 %

Square %wéaa where a=bare undesirsble. sing Modes differ °"i‘3b:) rotetion
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We tan tran reldt. The power *o the pede. @lecricfield S'h‘enj‘Hm
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Exowple 52
Design an ar filled C-bamd. (4-8 GHa) recramgulan wave guuda
SV thod-Tha center S:re.cbuencg, of thio bamd (f= 6GH 2) is at leant
25% highon Tham the caop -Freqbuem %V:)DM TE,, moda and
o least 25% lowertham T cu:\-um) quency of the mext
highan mode, so That tha domidamt moeda d)op/m‘mao;nm is TE o/

| c
For Twa TE, woda F, e, = Z&\/— e

Tha first critenon com be wrtHeﬁ &S

f=tGhz 21258 = \.25(%';,)

A Y Y

25%, aloove tha cutoH-

6. z 125 ¢ _ 1,25 (3x10®)

= 0.03\25m ,
2t A (bxio®)

The naxt highest mode. wouad boe TE,, (See ‘:19 5’.5)

PN 2
e = \l—_’ \}( Y+ () am
" e~
2w %:C:Lo = AT C
(o N
, c
¥61°= —

The second desm(n ouleron can be UJNHQY\ @n
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oo & @715 C _ 0,15 (2x10% l__o 03275 m.
(bx10%)

M 3‘ \25¢n$_0~ &BIWSQM

For ™ TE, moda. £, = 'iC"E . For thie medu

f= GGMz & o‘—,s-Fc_o\= 0.8 =—

Zb
ve 015 S o 015 (3x10%) | 595 m
Q£ 2- (bx10%)

b e 2.Semn.
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5.1, 3 AHenwahon n Remmg)\&% wwe.%uicﬁw

q\'\ﬁnmﬂm occuns Through thvue rmachamsms
1. '0583‘5 due t = acl cuyrents ;\Ow\ns A Thae
wwe%ui:la. woalls

2. dielectric logses du™o a dieladtnic with T#0 o
Cos €l-ye” betwern tn wolls

3, evamescont wowne oHenuaton w haru —F<-F¢_

1. Condwetion losses
. . A
Sw\%«& current densoes ana quen by Jo=n* W

Re < r/’d*mg owtselves to tha TE,q moda
I’ (x=o, y) = 2Hy (x=0,4) < _ GHaco,y) = - 4<

3 (X=0-,'3) <= Xx %H;(“=&/*3)=— g H; (q)g)= —3(1 =3;°(7\=0,g)
A

ZJ'SO('X)S=0)= &é\xﬂ = | X Y 2
0o 1 ©

X Ha (x,0) -3 H:('x)o)
H:(x o) o Hz (X,o

,
o —
20)= 3 A 4 C o
Jé“%"&“’) xC QOSQ-\—ZX ) “'1‘3.&__—-’_?:‘ sm@—f-) = -—3; (%4 = b)
The alenuation consyent assocrdlad with pouwser los
Wa s hotun o e

- Powerloss /it lenqth Ploss
2% P‘an:\,mx’v\eck \ 2t AV

<

We cam calenlade P,W (2) for The TE,, modul
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Thow ane Four walls <o
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\OSSQS 'EN‘ TEm»q modas One gweh \og (e;(mu(:* 'For ™M orn:o)
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n
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5.2 C«é\wndr\c&D wcwegmd.m Q\'\‘h Ciraan Qnoss Scc{—;ow

Twrae diFfenamt '\\é{ae.s o Q}a Iindricad wmgmdm

o &

me Fod Yubre wawe \udg Coaaod waveawde, drelectric wweguu[da.
\ 8 + X

ha\low or -Q\\ eo\ with %%Qﬁcx@f etal N d\,> nC_Q

dielecrric X
shel orbraided thuo 18 o step index
S\me\d "F -
upuauéd\e\ec+r:c tbee %W\CU»
Lfled.

M&+hunu\2d omold_g_\_s 1C\or T modes

A/ =, ¥ —\—wv‘ye) Eo=0 o beSore for o
soludnon ﬁj) corm

L (nd,2)= \~ v, 4’}

2 N
LY hat happens & Thot V:'_' becomes Qh_ Soc cxé_\wdm?:a& covrdinate s

We wi\ gdso WAL sepansthion o;oum«bw e E;(P;Q’):-Y(Y\%ﬁm



Dvb5+l+"\*:‘"é E:;Lr,a:) = {fr) g&(b)mhs The. Wawe e%aohén
with V:r Sor c\é\\;wdv\id coord\nakes
2 —
%@) 'Bbi: + %—g-) ’%—{;-?‘ '?2('_1-] éa%z ‘*‘QJZ‘\‘WZPé)'F’(ﬂ%(‘#’) =0
r?_
d.\\)\dw‘\r3 bé‘ -F& G el Aeg\nmj ‘E\z-f ;l—\- (,ollde
2{ o , 1 3% z_
I;L%?Z+#br+gr1§$z+% ©
multiply, by o

co\\ed'ms fevrm S -

f.\"‘—l’-z-—%-l'c-\f +Q\2'_7-+ %Té-zj- =0

~— —
o'n\éa, {omection m\sk
of v Loanrion o%#l

Rec.oém\%mg et
&0 Af 4 (rdf
" i * ~ dr (\* 5_3:)

dr=  dr
we com wride +e Wowe C%vohon as
L 2.
4 A‘%) 22 _ _ L 43 - 1" (aminteser
£ dr (r dr + 4 do* cons’rcsvw
‘ﬂv.)yﬁe%oJL constonil™

requirernmemt cong s
’?mm the cqﬁo&hb‘n for

8((1?) omd re%uh*\'nj
thaX v be conthnuows
(ye. Pemocl\}_,) aX LT



Looking oX the ¢ qu\Jad"\O‘Y\.

E\__a;i-\- nzj =0

d¢

which hoa éeneno& cofutions

%(C}))'—' ¢, cos <Y\¢)—\- C, Sin (r\gb)

Lookmj ox the. © e%\) atiom

r 4/~ df 2 2 2
£ Lerd )+t

we com r&—wrﬁc'\'\' 0N

df 2_rt\f=0
%1+JF dr +<_€‘ r").F

Tho 1S oo Famoua egboo:hon coled %esseﬁ)s e%ua:\-\'on
and hosThe genenol sotudiom
Lir)= C39, (‘Rr) + Cy Yn (ﬁr)
T5 () 15 the n-th order Bessd funchion ol)ﬂu, first \;m(l

Yn() 1s Thee n=th order Bessel fumctton O)o‘tho. second kand

The two Bessel Fomermoms o tobulated amd thair ?ropevhés

ot well kwnwown .
\{“(v)—-—?cﬁ) os r—>0

Tor o U&\\;w&r\‘cd Waue gmd&, we Wordy finite felds ot
all \>o§n‘vs (no c)m/\%e, ynthe %u,\chz,) so we Y‘ec'&edqﬂ
solutions of the form \(n(')



W&Mcﬁons behowe o lot \\‘\Lf. a o\n X, Tka\é stont ot Aor 0,
X

dedrwoe as w INUULOALS BUT the periad chamges ot T d’“’“%""

jo(u) haa 2enos ot

= 2:%05
w= 8. b54
w= 11.142
T, () hoa Zthos ot w= 3832
= 7,0\b
w= 10,173
w= 13,323
Cr?_(bQ hoar zenos ot w= S.13b
= 8.47
w=1\,b20
w = 14.79%

Youw will rarely need to wan any hgher ovrder Bessel fomchion s



The qenoal soluhiom 1§
B, (nd)= Ca T (hr) [c, tos(nd) + o sm(hﬂ#)]

Loo\un&o:k“ tre & ferms we ey pecr The solukions o be \nde pendant
of Whee we prek. The oﬁé\h)\.e. the & =0 Po{n’t.

So éos{— Pick cos (hep) mcx\a\'nj The soludnom
Ei(,r‘q;) = Cy 3’“(%?“) cos(nep)

Tweo 15 0Jmost exad\% \WWee The PTO&MCF solutiond we 80\‘{:0(\
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FIGURE 5.15. TE and TM
mode fields in a coaxial line.

The electric (magnetic) field

lines are shown as solid (dashed)
lines. [Taken from H. A. Atwater,
Introduction to Microwave Theory,
p. 76, McGraw-Hill, New York,
1962.]
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