ANANA_ AT AN NS

 MICROWAVE TRANSMISSION. LINES

TINTRODOCTION -

MAAAARAA AN AN

Moouwnates o€ electoo magnetfe. waven

tohose pmequencf‘e/) oange (e  1quz FO 0006iHZ . For

' statfon &=
Compangston , the stgnal Psorm an AM  Radfo

P £3 loOMHZ,
MMz and The 5?309! [5om  Fr o0dfo staltte 7

ap called Stce —/ﬁeg oore

Moo ccaues ane

| e Thalt
| Aebtned  intesims b thebfn cmuﬁ(pﬁg#) in The

mécae  owebenn to é—fh(t/ne/n.

'Tc‘rz(yné/ﬂ sefertng to the edaue Len(?'ﬂ) and “The

pexfed & O cycle & a cm wave. 9n other Loy

The waaue Cenﬁ% 1 cb cr wavesr ok
Fm@m Qa Pew teny 6 cm

icooroaue A’ eQLen -

-Cfen ane Ve’%?’ ahont; f(lipfcalg
to a fwackien @ a mm.

4n Short: a mfeowuwave 2 a Sf?nai Jhat has

a o:uUetena% o ook or lews Ee., Ag Bosern ¥ fool.
Thes conuenls to Q fYé_quenu(/ A& R4 MHZ , Qppout !‘lj'

ot Z .
20, all feguenctes akoue appary wmately ooorn z

to akout- 1000 Gtz e mfevo LoAve._ pveczuena:“ez.

Scanned by CamScanner



-
houzrbziwy 4&ry hion — 4N
housrbawy (o - 4H
\MW.QUVuWWNh.\.\ Q\Vu\u\Um\vN\« - AN
ﬂ.dC,.wSNuw_nu o] - 47
ﬂutwdmuwﬁu ™) fen -~ 4n
55 - eih i :
ousrbzey qbny swmeed - 443 housnbary o) wdns - s
frouonbaic 4 c_mui wedhns - s h\uﬁwﬁmuwru QW) VweIrky - 473
Fmmbzag yb @A™ - 4O houenbacy @mo) oM - 410
4 ZH :..ON ZH,,0l : ) ~ :
A 8 Logh o LNODE WE HoE ZH 00T Q
: -
2! LO0O] locoz g o AoQE A2 znde

W02 [ CUIWOW) .thn-% &1@5 PIANOAJUT | 413 [ AHS | FHO [ JHA ERIEIERiERINEREAELE 4N

NN

AR R bR BN SR

Scanned by CamScanner

e ————————————— e



Micewcaus Frequercy bonds
Designation Forequency e i Gigahentz
HF 0003 ~0.03
VHF 0.03-0.3
‘ OHF ©:'3~-1.0
| L. bard -
| = 2-4
| “ L -
| X 8 - 12
Ieu 2 -18
| K 18- 27
| Ko Q7 -4o
MEUEmeken Lo -3o06
§ submiltZmelten > 300

O
“9‘4&’9”,,&29‘?” OF Micoooaves :

R AV oV SV W N AP

_fJncmeased borziwcd#’ au_a*lab [‘@

Micawowares hauve Large bardwdiths

(16w - ASECTTS

AS dhe bamlwidth tneseases the number o ncoming 55/7@0)

abbo fnemeanes. The oduvantage b longe bandeotdihs £

that the f(oeguenc, nange o& Enfommaltion chanpels ol
be o small pewcentoge o the camfes breotency  opp)
mote  &bomatton can be tonyiopfliees &2 mlcoo coatse
frequency erge; .

|

Scanned by CamScanner



Bardwdth Pmou:‘des mooie oeom  fom stuff o ke
packed tnlo the toansmission.
Smpooved. dizective propenties :

As fmequencﬂ {ncereanes d;:yzecb:’ut@ nerieanss
And  beamuotdh dEc;neasa’g . Hence beamwidth b
Nadiation ‘©' s powpoxtional to Alp -
AE (ewo F&zeazuencﬂ bards , the sfze & anterna

becomes Veny tanmge f eb &5 meguizad to gebt showp
beam & &zadc"aéc"c.an.

At nécoo pmequenc?gs s Anlenna seze A seuvenal

|

axufete.ng%s lead o Smatlles; beam wothas arnd ar
EXé’ﬁzen?eéj AEnerted Ecarn.

Fox pomakolic antenna,
~Bg 140°
Df)

At 2oGiHz (A=lem) for 1° beam weddh

D- tho
B

At 2o0mMHz (A =ooem) foy |° beam cofdth

XA “:‘5'#9&[ = D= I40¢cm

D= [40
~B——K)\ => li“_Qx(oo = D = I4%0m

AE micowo wove Foieguencees , the peze o
antenna Bs small. A2 gafn & Inuewely poiwpombional
o>, high gafn s achievable at mfeoipuoais e

Vorequencen,

N L

Scanned by CamScanner




e e e ——— e e —————

? . pofah =
5.\ fadding effect ared meliobitly -
cs MONE ol low rmeqc_té‘r)cz"e/) ancl less,

FOC{ fng e WECE

. of stoht [Sotes
Ak hgh Freguenctes chue to lne of sy e
M S OAUE fommunfcaltfor s mealiable Commit -

. »
L.y

—nfcatien .

i
|
?
| o
" | Peoent iegulniernent ¢

!

i Toansymlkten / Recefuert poudsen D‘Lé_czufmfmeﬂé e
jpme,tty leco ak mMicowraue fmec;ugncfé/) cormpred. o +at
|

|

5| Tmempanency paopenty &b psesiccoren:

|

|
|

| Micoowaove eguenciens upbo tottz ane copable
| of F'meet‘.y pzwpcga}:fn_q —Hmcxuah the fonfzedt loﬁe;w Ao - |

; -nding -the eaxth ar wetl as #hma?/) dhe albmeosphere . The
pesence & puch a bwonopanent wéleco G a mEcoweaue
band éactttales fhe Hlucly & mécotoecave mwadfation  Foem

dhe pun and Plans I sadfo adksonomical ceseanch &£ Space.

Applicakons of miczowayen :

[ Tatecommunfcolsfan ’

— dptencentinental Telephone

—r space communfeakien (eanth ko space amd smce to

— Telemeby communfeakfon link for maf/uooyf_s

i
U

|
|
‘j
Scanned by CamScanner




Radan) -

— Afoicoalft petectien

> Tmack / Gulde  superontc mitssfles

— Arm bemdtstr contowl  and -&09&:71 alarnms

cemmencial and industnial gpplicakions:

—¥ Micstocecaue  ouen (245 et z)

T Boying machipen - texttle , feod and papent  induoky
— feed palecessing tnduotowy

— Dm_a(f’ng phosimaceckfcals
— Bfomedlfral applecations.

Eleckowonte coantone :

— Elecksionfe GQLLI‘)L'Q'/ MeaNLLIe

Eysé:em
—r gpnead Speckuum systems.

Scanned by CamScanner



( e e

o
' Re ve quicle ¢
poopagatton of coves @ Reckingulon (RYE GREE
AN A U L

AN

/\y AZ )
/ ~ Démeckion of

: - PJ\C‘PCQCIHDD

| /
| /
bl / —5 X
bf’de S which

1(‘l 24 laﬂ (-mUé?\’,
COII}( I \71

2 afth &=
dhe  botantth 5 alerg o - Aeneckion arcd ek a
L ) e En =z-dErection

(=)
then The pmpa_gabM7
Somn E G

The TE€ and M pave €9

Av gz FOY TE woQue [Ezsoj
"HZ = - !

2 ccave [Hz =0]
N E; = —w MEEZ for 71 [

foy T€ waue,

3
| Dbz, gz DMz . _OPpretz
‘ Vi Dy Sz

cenniden,

2
2 Hz + 87 4, &+ D’Hz = —w’MEbz

9
"3 H"’—'*'—ain +['?2+u32/-tgj Hy - ©
8‘12' fagg_

beks [Pestrc]=ht bher

*Hz |, 3%z
Su* By

+ e h2, L4 N

Scanned by CamScanner



p— PR

5{’mﬂcmL3 TM toQue

% L O%Ez +h*€Ez =0 —r @
On? 932

- "0.(] d‘ ]
uot‘hﬁ abouve o0 m?f‘

fenenktnl equalfors e can

only -
cualuake Ez and Hz G

te e
1o detenmine  Ex. Ey and Hx. Hy € need

e ()quaftpﬁﬂ/)

/ eond- LT
maxcoell bt i
13t manteell egra bion,

From .
~7xH = MOEE

A < ~
T 3 k

~ A
.5% 9% % fJUDE.[{Ex-I-JE_y-f‘KEZ]
Ha Hy Hz

. 5w£[?£x+ S Ey + K EZJ

2 o~ [oHZ C(2HY Qb o,
1 [%*_’_;:4,%5] =S [89( +DH7L] + k[‘ X “9?] =t MOEEY -+

<> ~ ., .
I SWOEEyY +K MW EEZ

~A
Equah'? the ceetbtctent & ? R

OH =
2y

+9H_§, = JWELy \ @

Scanned by CamScanner



oHE Yy » -Swey —r @
o
> &

~etl Eguatfon;

=

l

5

i

! Stz _ SHx _ 3wEEx
|

| Fotom  pecond  mane

|

7 XE - —Seoft!

{ A /;\ ~~~ ~ A A
t > i ' 5 = s 2 A
5 28 2 s le &5 B.| = -jcaf*[ ¢ Hx+oHy +k Hz)
ot 24 Sz 5% by 0%
€ Ey Ez
2 Ex EY Ez
o~ BEz ~ [ 6Ez dE-B ~ SEx oM s °
= {[ +?E_L,J,3[ +§7FA]+I< ey o = 2 t Hy+3 Hy
~
g +K Hz]
! 6L A i

EQuaEe dhe coeldfcients o5 ¢ 53K

ofz +V6y - -SwpHr — (@)

EZS
SEz_  VEx = oM Hy —> @
o :

| 9y _DEx - IR ——)

| EEE

o caleutate  Ex , conofden e @ W g9 @

Fnom eg @ °
t
H D e SEZ- (O
g7 Sup I +3L_p7—t Ex

Subgkttule Hy value & g @

oHz 49 [ 9> N
E5E ®
g_lj OW/’( 2%« \)CO/" EX] =5L0£Ex

S O ——

Scanned by CamScanner



i ————
s ——————————

oHz 3 [acz]+_g§ £ = SLOEEN

-—

Dy Fwm| oM

=> Ex[30e- 3" 1 - Mz 4 Bz

JLLQI(,L ij 5(0/’( Cr‘)'x

3 Ex[—wﬁ,}g—QL] ) AHZ +__Q___ NEz

SOt 2y Seort T

= -fx PE . 2z L) Ffz

.

Sewp ey Swort On

= -Ex T OWM BHz |, fop Y 9fs

h* 2y LY SwM TOx
=% _Ey - SCO'/: T L+ Yoex
Eo - "3.‘ tOM Dz Y SEz F
h* Ay h*ox
fmﬂomly,
Ey: 3w SHz -3 Jfz
2

h* o

Hy : SWOE OEz _ v JHz

P—

h* 2y  h* x
Hy = -Sewg JEZ _i V=
h* 3w h> Dy

Nhﬂ TEM Mode doep not exisk £¢

Foon bansvernne  electoiésr ond magnekic  twaes
[TEM Mode] , Ez =0 VHzz0 . b coe vubsletete  these
values nEx , By 4 Hx and Hy  all breld LEIPONENL

bettrme zexnw.

Hence 1EM pode does not exdst . | |

Scanned by CamScanner |



Picpagebion of T waves % Zectanqu LRNEGe
T,’IZ magngffc a‘ejd ) a[m_lj.g [’:77(2/70[/67%)5 o 'f/)e
olﬁvzeclfon Oﬁ Pmomgatfor) f_"i catled Jhe  Torarnmo\lesiie MCED&[.‘LOC

O3 TM ¢oaue .

P= <,
Foo TM coave 5 no magnetic (fne s 77 AErection of

popagakion
bz =0
Hz =0

wawe  egualkfon (hor T oaUE s

o’E= 4 O’Ez +h Ey =O
S ? 832.

Bg u,ofﬂg “he Aepe)zafc"bf) & Vaxfable mefhod 5 O Cor

caleculate Ex s Ey 7 Hx: Hy

Asscme Ez = XY

X — peene bencktiern 4 ‘o’

Y —> pune hunctéon &Y'

N 52

g;x‘/-*-@i Xy —+ b¥xy =0
alx %

4 3%2-’_ X"—i +hZXY =06

oy

X‘/[—;—— ' .t ply

On Y 3&9_ +})2' =0

_L... 32)( ' 2
X gez ty 2L 4p2,
oA v 8{_‘/”‘
ASSeerne 4 | 92 5
L 2% _p
X Do 2
L. %y
y a‘y’_ -

Scanned by CamScanner



‘——-‘—"'—.—‘__-_——."__-'.‘__.—-—

e e S —————

= h*eA*+p2
The aclutfors b ¥ and

Y cah be d)kﬂf'f)(?f ,l bd LI/.)ID@

Cactenoowy  Aecond corten deflenenttol equatton

X = C,conBx +Cysin BX

V= C3cosAYy + c,sthAY

tohene ¢, , cy | ¢y, ci, ane cendtanb ft can be

evaluated sz"r_.xg l:cundaﬁ'itj cordlEltens |

ee Ez = [c,z:osao( +C£5e"n'89c][53 cosﬂ_g-(-q,sfn/}gj —

| Boundony condzktory :

/Wy y

b

138 popundony cond.fEien
£y-0 at Y0 ¥ Ax—>0 o a

o Prundomy cordébon ,
E,.0 ok %:0 % y-—yoto b
S'rd Mndaw cordlkion 4

Fo-0 ot y:b 4 w—o0 o a

1th poundoony cordften ,
E,=0 ak ®=0 & y—o to b

e

Scanned by CamScanner




e S - S

L

Faom 15 Boundany condEer

S———

O- [C‘,CosB'x +Co 51’08')(][63 cos N(o) + Ciy Sir /)[o)]

O = [c,mse,x + CosinBy | €

&

e £3:0
[C; Cose +C,gsfn[—3'x] #o0

Rubakttube the 3 vatlue & 29 D

Ez - [c, CoSBA 4+ smBx] Y St Ay
(v

Faem o pounclarny  copatets

Ez=0y ¥=0 at eg @

-
o

£z - [C/ cos Blo)+ G2 st B(o}]C}/ sin Ay

o: c, [C,,sfnﬁy]
O Cr 0
Substibube the ¢, yatue Er 20 @
E- = [C‘gsan’)(J [Cz,sfnﬁgj e @
Frerm 39 Bounstiny condliler :
Ez-0 ; Yy=b at eq (3

O = 58 SnBX Cyysfp Ab

c 5ff)ﬂb = —> = -
Ly O = sthab =0 => Ab- n1T

ﬂ: nNnir
¥

— 2

Es -
> [ﬁcesfnax] [cy stn M) — g

Scanned by CamScanner



o ——— o —————————

F.;rzom ll#) anf)cb;:(ﬁ Car)c{z'éiﬁn s

Fz-0 4y n=a

Suhaltlate Gz and o value € eq @)
Bz = [costoeal[cy 50 (BE)y]

O = [cg stn Ba][cy, =t ("‘77,7':)5]

o stnkBa =0

SfDBQ =0
Boc =mir
E? :[(’ o . L
- 2 Sin M Nz I
7 [ewstn(zz)y]

e-vz epoiesenlt  he Aeeckion & PD?QCQQa-Hb"J & Em

e .

ek mepoesenty  Nroidal vootfa bfons to.o2-E 7T

L,
C&gcf_( =

Ez - c. 5,%[%2_7,)% spn/_{lzl_/“)ﬁ 'ejwb—?z
eoe  knewo that

h* S AQ_ 9__5/

Gy = '—'—?— [c‘ Jm( "ﬂr);{ 5‘”(””)3 Jth 07]

] T[C Cos(mv(mr)% sin(2Z)y - € —Jwb—vf/
e ’:}2—[ (mw)(os rmr),( 5{’,7( ) ,gf’wb-az‘]

Scanned by CamScanner



e kneeo thak s

By = =V B8Fz 4 Stort PHz
h? 2y hr O

Hz=0 [oy 1M coQué

E_‘j & —_-5’__ (BFZ
hq‘ Yy

| e knoto +hak

Ho= =Y QHz o SWE D€z
h* O« L Ay

For TM wooue€ y Hz=0

hq' 83
: ) . Jw&—?i]
Ho :J':‘zé _3%_[4 5m(m7r)9( 5£0["7r)_q £

HE!:"O oHz - Sweg EEZ

e

h oy h* D

Foy TM woaué 4y Hz =©

Hy = ~Swe 2—52:

YR P
o —j/ff 537? [C,.se“r)/—’giT % S /{25‘775 !‘swt“Qj

Scanned by CamScanner



[ e——— .

Hﬂ: —SL:f [C ("%-)Cos ‘___)% 5:0(“” 4 e;wé—:?z]

TM MO:Ies Lr) Pﬁ:&af_}gﬁ,dg{z amueﬁude

VAL AAA» AAAA SN
The electow magnetfc wAYE fnotde a tanueqeuia
can have ar  Enbtafle nember & A Hewino  ohfch ovw  callted

meaen.
The magne.&"c feeld fs aliays pn;zal!e[ to Jhe Sebace

& the condcton ard cannot hate Q l‘om,a:'zr)fm[‘ msz(nu[an‘

(_’D f& Of the /.)t_m,bace,

Ea = =% g
' [ (’?zv)cos(r_g-f—r)%.sfn[%f)ﬂ.gaa)f Dz]

e
| Ey - hi[c'(mr) cos (22) Y - 5fn(m,r)% émyé-?zj
‘ Hx = J‘;)Of [c(i’g)cos(L’g)y 550(%7_,— N gwpz:.-?zj
Hy = —Jc:f [c(ma_ff cas(_'gﬂ') oo 5:’/7(%11)5 Esmb—?z]

m=0 4 N:0
€.y bu:o 5, Ey:0 , Hx=0 , Hy -0

TMoe micde dees nok exssk .

Fb-"l TMOI mode o
m=D 3 N=6|

o @ E%'—‘D ] Eﬂ:o 3 Hxso p Hy:o

(€. TMp modle deen nof exsk.

Scanned by CamScanner



— —— OISO ——

i

}

|

]
i
}
i

s
|
!
3
!
!

font TMip Mode <

m=1 4y N=0

t€sy TMis mode deen not exist

foor T™My mede :

m-=| 9 N=|/

ae E%SD, Ey:o ,f;}{-O}Hy:O

Hene , att he omonents By EysHx s Hy arne p&'z:%en/:

(e€s) TMy, moede exfsl amd £ 2s 1he deminent medle o

T™ Mede

poopogation of TE waves i

dovsi e it o

AN

The eleckmtc [Feld £ ala‘aﬁs bransvenne o the

(oy) TE woave .

[on TE woave , no elecknfe ene s

| paopagatien.

Ez-o
Hz +0

wave eguakfon ot T€ wave -

Bz

o

AsSume 1y, - yy

_ai’%’. + 3%y 4 5%y
ox 3y2 Dz2
) azx . r's2y

y on% a Sy

+ BZHZ 1 82HZ
952 22—2.

L=

| dezeckion of iopogaltfon & is catted The Emnovense Elechric

s

&n dfecken

-

Scanned by CamScanner



R

Assume ,
—;(— 3%x -y
O
L ')?’Y _ __A?_
Y Dy?
ht. A”+ %

The  petubferv & x and ¥ can be oblkafned bb’ wofng
codfnooy  Hecond  ooden O ferentcal éguaﬁ"&r).

X:= [, co88X +Cgsinpy

cos
V= C36e0AY+ Cy sen BY

whee <, 1C2 4 C3 , Cy ane constants car be ewaliated

bﬁ watng boundamy cordttens. 4

Hz : [cicosBr +Co stram | [¢scosay + cy sfmqg] — )

Soumoen B0 ;

NN

3
@b ©

Forom 13k Poundoowy corndftions ,
by=o ok y:0 ¥ x—0 o o
From  ond Poundooy  conolfEion

+
X

Eq-0 at w0 ¥ y—> o ko b 4‘___,J

Scanned by CamScanner



et et ——— e ——————

ol Poundany condibien s

Ey-0 ab Yy-b §f 2—>oto @
yth Boundomy  condttien s

Gy:o at w=a ¥ Yy—ro to b

=~

The melatéon beltocen Ex and Hz t5

h*  ox h®> 2y
E - =StoM E)Hz [' . E7 :O]
h* 2y '
E’X z —503’4
h2 Oy [C‘, COSBA +Co 5,0,,39(] &o (cs/lcj -+, sf’n/ic/

E‘)L = —StopM

h2 (¢cicosan +CosEnBx ) (—/963 SENAY +AC, CosAg)_]

Foorn 135 Boundony copeletien :
E’)L:O 9 f—j:O

O-= -SloH

e [(C.Cosax +C2 stnBx) (

—F)CB Stn A(O) +AC{/ s '4[0)2]
= =StoM
. ey

[(c, CoSBA + Co SinBx) (QCQ )]

c‘— CL[ )
The  statss
. cect e‘?ual_“b’? as Hr Fs
Hz =(c,cosB 2 +C9 55
82) (¢3c00sn
Y — ©
Fotorm a'?d Boundary  condftier -

Bgeo ;, w20 of =9-@

The welaton betweer By and Hz s
Ey = - e» L SwH  Yrz

h?-

oY h% “ox

el

Scanned by CamScanner



P

Gy = Swit |, gz
h* Y

-, 0]

e Stopt _@- [(('/('n’:‘BD(4‘(',35{'081)(13(05/,5]

g
>

{(~BC,anB£X + BC Ca-sBa() (3 (05/;_9]
raé‘(q)’)
forom the necond ety corad GO

Ey-o ab w0 ¥ y—>olo b

'—'—'»O:

SO
3:2 [BCB(CchSAy)]
l’r CB -0
o dhe owduced  egeeakion b Hr s

¢ 0

Hyz = ¢ cos8X cgcosAY @

The owlotfon betueen By w2

5%: -—\3(1.9[& 9 ‘ |
ho> By [C’COSBZ c3 co3AY ]

> -JUD/A [Cr CosB A (*F)Cgsff)ﬂy)]
h?-

Fuorn 3% moundany cendittion;

ngo ’ _g::b

O = — St
hi
5fnﬁb=o
Ab= NTT

[ -ACCr CcosBM anﬂb]

b= 0T
b

Scanned by CamScanner _



dhe metakion bebeeen E.'d D Hz

Eﬂ = -—_“2__ . c)fz & .)Luf'( 8:'?
h* 3_1 hg oA

Foer 4 Bourdony condltEer
Eg-0 , An=-c

o= -Y 3 oM
el ) thg’ = [c, COSB A (’3(‘&.:/15]

"

[ - B¢, 3 COSAY S,nng

"

XOM [ _pe, ez cosay SO ea ]

o

SnRAa =0
Bac= Pl

B =
a

--?Z ‘u.‘)f:
- mir =~/ nu >
Hz = ceg 505(’5)7‘ ces(BL) y € .e

—-°Z= Atmeckion of poopaga Kon

et vanfo ton & EM waue .o b Eme-
: ot ~92

Hy:-=c. s () ms(%ﬁ)y 30

70 detenmine  Bo, Ey s HX and Hy

Eo: -Y OFz _ 3wM Huz
hx  Dx he Dy

aubatttute Ez=0 andl

Hz - C-COS(’%E)X Cﬂs(ﬁgl)j gju.af—vr_

E*)(:O -Swpr Dz
ht Dy

- --’;;Df ‘%[c.(os[’l’élr)v{ cos(%r)ﬁ, ejmt-?zj

Scanned by CamScanner



e el .

r"‘— —————

]

[ . mTr nl “’n(.')lf) 1 gsmt—?z
L_E')t: ’M C Cc'?fv(-'a’“)')( (--b—):)t )Yy

b2
SEmf Lto:ﬂ.lﬂ y

v

& 4 3
Ey = - .__‘\'9 cEz SOF QHz
2y h? oy

Foy 1€ «ave » E»:=0 5 Hz #0O

El_j - JC!)"L 8}}7
“he -

= Scott 9

h% Dx c. Co_c;(mzr)w [05(97;_7;)3 _ejwls—vzj

!E&f —JLOH [C' miT

iE3 ~— 8N (m'")v( cos (o) y . egwl’—QZ]

Hot - —._Q_.. . OHz

i S + £ 3e

h* 33

Ez-0 for Te waue ,

Hoy = gy

oHz
e
2 %[ﬁ'(g)'—an(g)%.Cos (DB’I)B e3wk—?2]

h*
)
h

Hoy = %[(‘ .’gfgfn(%z) x (as(ﬂg)y é_‘awb-?ZJ

Hy = “—9-{ Hz  _3wf ey
ey h*  9x

Foy TE waue , Ez=0

& -—Q DH z
hQ’ Ay
29 5 _ ok -92
_;?-9—3 e cos ’T)x(as("”r)_cj > ]

Scanned by CamScanner



B I i —

| TE Mader i peckonguler e2e S5

! The eleckowo magrekic vave  invidle a coaue gufale
Ccan have a fmfle numben & pottem whith ane  cq e
' Mmedes.

| AL +he awnface o @ conductom s the electar feeld
:c:annmb have a component pamattel to the Sotlace . hes
trdicakes Hhal dhe eteckmic fretd muwot alecays pespendiculan
Lo the swnbace ak a condeucton.

]FZ‘JZ ZEC__Orrxde:

m=0 )y NEo

e E‘X=O ) Eg:o y Hy =O Hg.-o

[-€., Toeo mede cannot exst

Foot TEor mede ,

e

m=0,y nN-=t{
Pt Ez: non - ZeJI10 ’ Eﬂ:o

Hy =0 3 Hj: NON - ZeXNO

t-€5 TEo, Mmede exish

FQ{JJ TEI© mode =

=1 n=0
S En-0 s Ey:znon-Zexo , Hx: ron-zewo , Hy=0

s e. TEo mede exlsl .

SLAE G

Scanned by CamScanner




P ——————

TE) mede ¢

—— S———

m=| 4 N=|

-+ Ex: Non-zeno | Ey = Non- Z€X0

Hy = Non — zen© Hy = Non- Zeono

-
te., TE) Mode exésts

Caleulokton of cukeff eave length

\# NS

A

p N 2
h N :))+COQ',,LQ_

hZ. A%Lp2
gERIETh
Vetne = (500 ()
v () (maﬂ) Tt

O:JT%T)ﬂ(QE)Q'_wlpg =

V= paopagakion
o = attenuation
ﬁ: pba/)e
Ak (oo palﬁqufl)c’ﬁ 9
e < ()7 (o)
) — sreal and pesthive
Ak Af‘ah pmeczaency,
e v ()% (nz)>

Q - :Jmcgfna;z-z/

3

L4

x+5p

Scanned by CamScanner



|

{

BV s g POy

e —

'Ii\( f‘m QuEenNcy at cducb V=0 , &F & kneeorn an cul -off

{?‘{fqur’l )CU

Ak PF 4 WD 7 V=0

( m7!

(%
7777 ( ZAks _ P ME

nﬂ) o s

ab
Ae = £
Fe
>\Cmn - 2a b
N Mm% hlania2

The  toaves ofth oaute tengib .gaeaten —Man Ac

toflt attenualte ¢ the tcawve Quide and -the unaues w&th

a wauelength len than Ac ane qllotced '#:mcwcgh waue guide. J

Scanned by CamScanner



e ——t— -~ e e s

v velenath for T Mede  in mectengulan wunmue
SEaF conuzlenglh for 7

. o
AU "~ N N NS SN WA A

Aulcle -
R

05
')\Cmn e Rab

J M2b% ntal

For ™™y mode

Aey - _Bab
vaTlior

Foo ™3 mede,
Acig = _Rab
VbAiyn2

F-C‘.'rl TMQ, mme'
JaZinpn

Hence , +he mede fnu:’rg hfgkasb cek FF IC—"Z'EDLLE?IT:Q
TNT, s the dominent rede,

)\C” > )\Cg_,

}\C” b2 )\Cfa
| Cub-off coouelength for TE NS

N, AA A AV NS

Ny - 2ab
JmMZh2 202
Foor TEeo mede
A= _.Qh.a_b_ = b
az
FOJ? .rE‘lO mode,
)\ - Lak = )
e - e

Foon  TEn mede

- fab
Vazibe

|
_—

S —————E T ™ T

e ———

Scanned by CamScanner



- PrTTT———
P o ————— -
} FE— o ‘

TEo s the deménenlt mode }

an asb , Ra s MONE

S A € the f\f"affof' cal - off caue ffl‘)ﬁ’“’).

Hence g

O

?\Lﬁd_e woaue Cengfh ( Ag) 2
| 4k ts dé)ﬁ’ne‘d an Hhe distance  Esaueltecl by
Cdhe woaue  fneoelen to urdengo e phawe SAEFL B D17 sratfang

N a cmuegufde.

Guide oave length melated to phase sheFt B a»

Ag = 2
-

-

)

The Fnee space wave length Ao Ts deffenent Fyom 4he
ﬂtu'ﬂe wauelength A and Jhese koo ane owelabed an

AB - — /\O
J(w%)l

>\O << )‘C = )\9.: Ao
>\o - >\C ::‘} >\9 =0

Scanned by CamScanner



|
t

46 ho>> A the wawve carrol- pocpogate @ The toaue

o =} ) -
gufdf—’ an /\9 becomeD crmgzan

Phaoe velec: ly 2

LW p v v

4b po dhe veloctly eofth whteh  dhe waue poiopa-

-gates &n The coate SLUOIE gk s Aefenecl ap the oate al

wohic

phane  Enkenm’ &5 guide wwaue

= 2T Ag . F Lena‘l’h
21T
= 2TF
.%n/ g

\[p:)\g.ﬁ

Np - 2
P

GIJIOLLP velocs? (__5

(AN LN AAAA A

akton tn dhe coxotlenn the medala -
uelocf’@ pleeocen Han thak

& cawten alone and A ceeovve Dlocsen dhar speed b &?bb

The veloctly &f modulakion envelope & catted the._gueup velecily

4k Hhene s madul
-Lteon enuelope acf:ua% tnavels ab

U,
3:
4k s deftned as dhe oate alk aju“’c?h dhe  poaue potopa -
-gples ’ffzmnugb dhe cmue_qwﬂe and f= giuen _7
g = ko
o ""d B

Scanned by CamScanner




(e A o e e e, e~

LA UAUALAAAN A AL AN

pPhase velocify, :

h? - V7 cppie
h?- n9+a9-

( nrr)

b
Let -0
V=38
ab P-p. .

s CL‘)':LDC ; :Q:O

=> O - (mzr) +(mr

a 2)

2
P™ = wre w0 g

!

g - = o

Pre Jen [
21
=Jrpe

j ﬁ’z"’ ﬁcl /5

Vrape - () (%)

) - LOPHE

=> wc'lf-((f: ﬂ)l_i_(nﬂ"

’ 2
(")‘%) = coc'l/,(g _ CO"/J-£

/3=JW__+@

Expessions fon prace veloctly ardd azeup VE2EG

Ve F) () e — @

Scanned by CamScanner



| A9: c
- (&)
)\9.;‘.’: ¢
\),_(.ég)i
| c
: Np =
| - (Fc\2
| - (£)
- detems of ),
s e
s e
‘ Fe _ ¢
| F e T
fe o 2o
| P c
c

Fowom eguakion (8) ,

P = |ps (0?2 )
Offfenentiate B w.=-£ O

4B R
25 - s |

i )

Scanned by CamScanner



&
e - <]

Glioup Uelocf(g tnkerms  of wauelﬁngfh

‘9= o - (32)

46 we mulliply phose and gmeup velocittes

c
/- A?.)’— S e (%)z

Scanned by CamScanner



Relakion among Ao, e gdné f\i .
| A s s SN S

!

WE know thok s

t

\lp = ' <
vl-(iﬁ.)l
; VP= )\9F
) hg = NP
! 9 f
I - C

~Cer
F
- c’ﬁ

wave  impedance ! (z2)

(whene fmpedance & Hebéned an The satio
& a beld one lounovenie Azmecton

& dhe stoe
to dhe 5!:71@»8% of othet Ceold  in another tonlternoe
Y
Aeneckion A
Ry
ey Zy # EX T z
Hy
Lor)
z, = HA
= — g

Scanned by CamScanner



e ——

for TE cwavne ,

toe knceo vhat ,

Ex - :_?_ o€z
h> o

Hy= Y 3Hz _
h* 2y

But Foor 7€ woave ,
Ez-0

Ex = -SwH gy

- 5o OHz

h* a_g
Hﬂ = -Q OHz_
h* dy
Z1e = ~ SO DHz
h* 2y
‘_?_ Otz
h 3y
P = o;:)f*
3~‘0£+_'>B
Let w=o
V=3P
Ze = WM
Sp
Z’]‘E‘ = fal-.Dl"'L
B

we  knewo that,

T ————

P Jute -p2pus

Scanned by CamScanner



e — i B I A G 1 i ST

—

foon aion ,
i = f'{ﬂpm

\] £
<o Eq

1
)
Ny
3
=
)
!
«

= l2om _.,Z 3994
ZTE = "'z
‘_‘\“ﬁ
(= Ao |-
| Iy
Ze [ Do << >\¢J

Scanned by CamScanner




Foor T™M waves!

e kneco "ﬁ’OL [}

Ex: Y. D6 .

h* &

H:j : :9', OHzZ
h* oy

Buk fon m LoQNeN
Hz-0

Ex - '_?_. ofz
h* 2%

Hy: -3ws pe,

h* ox

R
h* on

—

“AOE O€z
h*  5x

D= X+35PR
X=0
V=3B

Zna = 3B

SwéE LOE

e Knew TH')Q.E;

Stop

——
—

h?

_ wof

h?.

G R— e o ————— —————— e’

OHZ

dy

o€z
%

B= JUJ’P‘E —wcq'f/lg

2 wJ—/;E/ /,(w(/w)z
) wj#—gjj——[é:)_?—-—_‘

:CJJ-/-J_S_— [7,, (%)1

Z : EWI’ - (Ml re)?

wE

Scanned by CamScanner



R

AR

SRR

18

Ac

- e
=] 1= [\
= (%c)

whene  Zipm < [ No << }\c]

foo Tem wnave |, Hhe cul OFF Foeguency s zexo

£ey e oo

E

pawen  toanmpéssion i Eed:agioﬂ toale. aulde -
AAALAANSANS NS\ A A A A AAAAAA . =
The  powen bansnétted -}fwzaﬁh @ cave gute
i dhe guide wmlls cap be caleulated by means o

complex po(cln‘fk‘in_g Theooerm . we amume dhal he L e ot
(s beimlnalted & Such awy Jhat Jhere fs o oref lec sy,
[ovom the necelvlng end oo That The taveguide po

fn{}nfkdy LO’B s Clompaned woth fls lelé—’(e/lc?ﬁ).

The pewcen bmanmétted P 9 Thowugh Q cnvegeide =

Gven b,
P = 9(> P.ds

s g’*f(/:‘x H)ds

Scanned by CamScanner



Z'z_ > E-'K
Hy

z: E

H
E = HZ
- £

7

Fo a loasless dielectote, the Hme avenrtge peivesn [lows
'Hmr:ceh Q t?zpcfan‘_c;a[am toaueqeuink s

- j;j,g;%:s
] —%’—jlu}lds
lel” - |ex)” 4 [ey|™
9+ o g

Foon  TMyn mode, the AQuennnge [ouen Ezansmtted ’ﬂm&ﬁh
Q mfﬁfargu[aﬂ zmue?ﬁufde 5 dfmenstond a axd b ¢

Ptm=

lly

Pen = Z- J J )+ [1y] > . dly
6 0

Phn (TM) s

25 |

b .Q

0 0

b,

I lexl ®+ |ey)” dx-dy

£ ;l 1—%

.fca)‘l

[

l(lElchs

“ Pn ) -

'

e —

T T

r

16x| 4 | Ey|* a dy

i

Scanned by CamScanner




K
LI !

Foor T€ wave,

o) b @
Peor (1e) = 27! (T) J J‘]Exl')'—%[gsfld'ﬂ- CLV
O ©

!

Pocoen lossesr h a Re

WAALUA AL L WAL A NAAAAAN v

e o~
lon tooye uice:

Losses n o waveguide can be due to The
attenualion beloew caboff and  tosse) omeciaked  ofth
abtenuabon e o dfsstalion withtn 1he toavequide walls
and he delectoic  othin The wauegufde.

At Fmequencﬂ betows the cutoff Foweguency (P< fe)

the poopagation  constant V" well hauve m(y +he attenuakion

e ', (9= wa3p) hat 7S to say that the phave conotant

B ¢kzelf betomes Emaginaity fmp%/f@ coave attenvalien.

R - 32T

- ——

A
?\3 s ___>\__0 = >\
cos
Jz~(.£;¢_) 2

B 3 EAI ("C,g)l_'

. 5 RFfc

& J" Flre) =3
Hence , dhe cuboff attenuatfon  sppptant § £ g
by

Svenrn

0 546 .
Ne J1- ()" Safengs

Scanned by CamScanner



[

9n fact dhs fo Adhe Stop band  attenuation o  the
LoQueguide hgh  pom Pellesr . fox E>fe , the taave Juide
€ xhbek \[G)l(l/ ow less and for Fefe , the attenualtor
%s I\f’ah and sl o Fal mefleckren eb the unve

re., euboff atteruation US bosteotly  the seblection (023

Attenuatfon  conotant due to an  tmpestfect . rion f”fﬁ/f/f(

teleckofe n L-Snueaufde R 8?!@1) bj

o = ,;L):,t.\%fg? tan§
%Jz-(ﬁc/f}l

dB / tergth

The mede  whfch 2 hauf’n_g }\fﬁhesf culb- off
Looe l€n8‘H'- s knevorn Aomenent- mede .

The demtnant medes o TEQTM @@ T€o 0 TH,

stespectively -
i) ary /u??b&"? oo1dler mgdwgenc;ﬂéw a colb-off

waue(enﬁﬂa . combrant mede,. thab medle £8 knowsrn  as
deaeneﬂotfde modeé
4n Quase oaué ﬁufde FE, j o4 75'?;3 ’TMP7, )

TMgp ase  known as ofgyamtfue mecle
S A=R

Scanned by CamScanner




"’“—‘ﬂ

"
o0

{
!

!

| 3] ™ Monle

rel, tHenno :
L5¥d! palmre
when a toaue toquels 0 a wave gufdle -
exhihib nbinite numbenr f6 palttesmns . dn _gpne/va/ Herze  Qrne

bo " -
PO modes n a (muesu‘l’de.

TIE_’:I Qe -

D) TE Mede

TE Mede:

45 dhe electase (retd £ pPeiperdicalan to the Atne-

-ctfon of pmcmsc,[.{m dhern The wauve s knoeon an  TE toave

™ Meode -

46 dhe magrettc freld s peperdiealan to the
demectton of  propagation.
Each and everwy mode £s dsignated lya Subbf mn
&€y TEmp
TMmn
whene ‘m' Indicates npp.ds halb wave vantalten, o eletoce
Feld &n 7€ tode [ragnette freld fr TM mock] . Aropes he
oiden dtmenseon ‘g’
whene ‘n' irdfcates the ro. & halk wave vanfalierns o
electomte freld in TE mode [Magrette freld T TM Mode]

Qcowwas The pasoed dimenston b
The mede which fs having highest cut-opr toaue
LQEH" ‘s knoeon ao ominent mecle .

Scanned by CamSéanner



e ——————

Scanned by CamScanner



