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— UNIT-M - WAVEGIUIDE  COMPONENTS

 Coupling” Mechanisms -
|

2Ly Paobes & ourlng loops:

when o short antenna in the foom of a paobe or
a lop in insested into a wavequide | st will yadiake
and i it i placed c:ozfa’ecfcfj/ , the wanted mode will be
Set Up. Fiquwie . 6-29 shows the cogect Pos;éio*nmg/ of the
Couf’fiﬂj/ psobes  foy launchjﬂj/ dominant TE, mode . The
Probe
xis placed at a distance of Agfu fyom the shosted erd of
the waveguide and the centye of byoadey  dimension
of the waveguide because af that pont eleckaic field

s Maximun . This p¥obe  will mow ock as an antenna

which 15 FoICUU'-Z’ecl n  the plane Pa)‘{o”ef to that of

electzic field.

o

paobe

M/
XV TE o LOOP ode
mode

Fig:6.28 couplingy paobe and loof

The CouPhhjj oop Placed ot Hhe centze of Shoxted

end plate of the wovequide can also be used fo launch |
TEip mode ¢, couplig/ % achieved by  means of a loop

I artenna located in a Plone peyPendicubly O the plane o,ﬁr!
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| te paobe. Tk 35 thus Seen that paobes Gouple |

Fa’?moﬁdl\j/ lo the electaic field and loops 4o o

magnetic  field bat n each case both ote setl up

because electdic and Magnekic fields  wte  insepanable.

W Discontinustics

In S wavequide system , when theve 15 a
Mismatch  theve will be wefleckions . Im  t¥ansmission
lves , o oxdey fo ovexcome this mismotch  lumped

impedences 0¥ stubs  of B‘Gtzul?chJ value are F{aceof

Pa’@Calcula{eA ponts - In Wclveguicles too , somme dis-

oie mode use of oy rno{clmirg/ PU POSES,

appeasing, ac¥oss the gusde ., causing.
e Cancellec[ btj/ in{yoduc:‘mg/

at
Cortinudties
Any  Susce pfance

mismatch needs 4o b

arolhey Susceptance of the
opposite  natude . Tises (also called windows, apestuics,

dfapbz’agms oY obsw{acfcs) shown in Fig- 6-33 awie made
use of o the puzpose.

same magnilude but of
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| switably the induckive and Ccapacitive |
|

An  induckive iwis (Fig: 6232 ) allows a cuggent fo
Low wheye nome Flowed before - The wis 15 placed n
o posilion wheve the Magnetic field 5 skvorgs. since
the plane of polaxization of elechric field 55 pasallel fo
the plane of %ris . the cuggent flow due fo 75 COUSES

a Magnetic field 4o be sel up. Enesqy sfovage of

field dokes Place and +thexe
ol thal point of the woveguide.

Magnetic 9 an ncease

m  tnductanbe

Tn capacilive ixs (Fig-623b)s ik 15 seen thal the
which edsted by the top ond bottom
walls of 1he wavequide wnow exists bl swifaes Whid
wie  close? and  thesefore  the capocitance  has increased
ol lhat point - The Ccapocitive  iS iS Placed n a posikion
lhe clechric field i styong.

The induckive and capacitive  iaises i Combined
yead reactances

potential

|

|
wheve i
I
a
5
i

‘nbyoduced  will  be cqual and the %6 becomes a

|
civcuit (Fig.6-23c) - fox the dominant|

poralle! yesonant
high impedence and the |

yrode ., the %9 Pafcsenés a
this tode will be neghgibic- |

Shunting/ effect  Jo¥
olhey nodes ate completly/ attenuated and  the

yesonant i¥is octs 05 O band Pass diller to SUP¥ESS

unwanted rmodes . I

Figwre 6233d , Shows a Sexes ¥esonant 1376 which |
!
l

19 SuPFoxéec( bg/ a non - metallic male¥al ond s

yanspyesent 4o the flow of  Micowave enc¥gy.
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lhe . Sarme effect as an ixis pzoviding/ fum ped

lhat point. T be post  exterds onlg/ a

yeactonce at
wavequide , it behaves

shoyl distonce (:<Aﬂ/l-l ) indo the
capacitively (Fig- cana), and Fhis  capacitive 505CCPTanc

rcyeases with depth of Penciyakion - when the depth

15 egual to Aglu

Civcwit (Fig-624bl A il 15 > g/, the Post behaves

tnductively (Fiq-6-HC) and  this induclive  susceptance
lhe post i yroved funthe” awoy/

decyeases  when
wavegulde . when U‘ue pos ¢

f¥om the centve of the

15 exdended Cornpletly, — acoss
nductive (§9- €au d)- The susceptance 1

the wavequide  +the

Post becomes

penctyation () chavackewiskics i shown N Fg-6-25.
Post ;
.I, \Iijus

wd L 1 it | .

a? “9

BE — % =
Cc)

(d)

the post acts as a sexies ¥csonont

when o metallic  olindrical  post {5 intvoduced ’i'
|

nlo +the bvoader Side of wavegaide , 3t paoduces |
I

Fi9-¢-34 wavequide Posts
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Fiq +6+95
The amount of suscePtance decreases as the

diomefer  of the POS[: e veduced . Tf the post s
made  thickey . cffeckive & will be fowered and can

act as a bcmol Pass 'fi({ca‘ S’nm:\cm ta aon W5

Tiwc lD‘-j/ od\fanl:ogc of H\C Posé ovey an %o
5 ot ik 15 weadily odiustable . An adjustable

fost 15 known as a Sc¥ew 0¥ 5{(-13/* +he  adsustable
oy tuning/ SCEWS e shown N )‘;;/ 626 . AS In
Cose of Fos{s olcPendi’n?/ upon lhe depth of penclra-
fion , the tuning Scyew may/ ntvoduce  nduckive

oY Capacitive  Susceptance.

; E =
= o = glww
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Fig. 626
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A Combination of Ftwo Screws rg /4 apay?am J
be used #o malch a wavequide fo its load  smil

Lo use of 1wo fixed stubs in @ Lyanomission line.

effective Wchgu.ide matchey  ¢an be

A vca'j/
yealised ~ when
close Pafoximféj/ 3epoj1a1l.eol bj/ 3Mg/8 as Shouwn in
similan o the double stub

{wo  tunmg/ scyews  ae P!aced m

Fiq . ¢-27- This i5 almost

maiciu"nj/ in  t¥angmission lines.
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Waveguide A%Ecnuafoa’é —
A AA AN A AA A

For  Pexfect  Modching, Somelimes we  Yequive
..{:haé the Micyowave powey 4n a wavegquide be
absorbed  Complet! Y/ without any weflection and

\also  insensitive  to  freguency - For Lthis we moke

use of atternuotors.

7”3/ poweY gain oy loss n dBs , fo¥ Pafou:olinj/

@ || isolation baw instyaments , oy veducing/ the power

land also for providing) the signa|  genexators with

la means of Cafrbafaifng/ theiy outputs accua’oie/j/

|50 that pyecise yneaswrement could be made .

Aléenuo.ioa’s Can be C[ass#feol as :ﬁx@d oy vosuable

types .

OI F,‘xecf aw{{cnua(:oa’s Qste ueed where ‘FTXGOI amount

s Lo be p;yov:ded. ¥ such a fixed

of atternuation

;iailécma%ox absoxbs  all the encxqy en%e“o":nj/ into
i, we cal it as a waveguide fe¥mimator . This

[noxmally comsists of a
\with o bapesed lug) of absosbing malovial ab

| the end. The éoFea"mj/ s done fo¥ Paou;di’n? o

.Qa’adud Lyansition faom the wa\/egujde medium

,': to {'hc absoﬁ'lbmj/ medidam  Lhus Jc‘;‘cluc:n?/ -é{qe

occwings ot the medla infeaface - Fiuwe

AP

| ¥eflection

LML -9y -'H 3(\4

Atternuctors  axe Cornmonly/ used oy measwi-

input 4o o panticulay stage 1o Prevent oVezloaolinj/

ghoyt section of a waveguidd

If




e e

6ua shows such a fived  ottenuatod wheYe a
dielect¥ic slab  Comsigtings of glass slab  coated
with aguadog, 0¥ costbon film  has  been use d
as a plug-

showrn 16

leckyic oY vone€

heve o 1he  lossYy/ die
whole of the

\/-—Sl’fcu.f?cd ancl can OCCUPY the

Waveguide -

yosuable atkenuodoss Fa’ovrde (ortinuous 0¥

Foy ¥e€C Ecmg wlodt

vostiable  abtenuakion -
otenuctoss can be Flap type

waveg wices Xofo.i‘aj/

slep  wise
waveguidcs ,  these

oy vane tgpe + Fo7 civcuodt

fype 1 used -

5hottY Pl

—— M cronwave
) &— pPowWe ¥
e i 4 —3g/2 —
T K
Jl: | h‘
* o — D )

} £9.¢.uq Fived attenual o)’
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The flat tyre  ablenualoy  shown in Fq.6:50,

ConSists of a  yesistive element ase oy disc insex-

ted infto a [og.‘fudinaf slot  cut alﬂng/ the  centre

of the cwidey dimension of -he guide- The flap is

mounted on the hjnaeof axm allow"mg/ 4 o
descent  inde  the cenlve of the wavequide - The
dejb’ee of allernuation 19 deteymined b;[/ the depth

Resistive coxd

of insextion of the flap.
slot

lockin
oty

(A

(e

Adsusting’
pia) knob

Y
J

p—

Naxirmum allenuation Mintrmum  alferuadion

Fiq -6-50  Flap attenuvedoy

L3 9 lSLF




KCSI%VC CaXd W vang chnuqioa(.S. _d e

The - \vane Hype  attenuotor (Fig.6+51()

b(lSTCO”j/ consists of o g[ass vane with a fCOG.brj/'
of aguadoy/ oY castbon Sirmilor 4o o Fixed  vane

attenuato¥ - £ this Vvane used at e centde
of the Vuec\fecaﬂje’fc cann be moved 15 rmade

used as o vasiable ateru-

at -H've centye of Hve
la{cafa”j/ fyom the

movable , it Can be
aloy - The Vanc posikioned
wavequide ~ can be moved
Cenbye , wheae it provides  Maimum attenuotion

Lhe obleruation {5 consider-

lo the edges wheve
the elecﬁz,caftefo[ lineg  odle

ablj/ yeduced  gince
ot the centye of the

always concentyated
o.E IDO'H'] Chcls

wavequide . The vane
the adle nuator

15 JcaFea’ecl
o the U\JC\VC‘juudE_

fox rna{Chlﬂjj

an aoleguokte yaich 9 obtained i the loper
|

lcngéh se  ynade equal o Ag/q - the amount of

|
and odso

ollenuation s frequency’ sensitive

| has 4o be colibsoked against @ pyecision
| aftenuatoy:
|

oMb 3 \OL%Li.




L

Haximum  alt¢nadion

7

7

Hnimum gierotion

Fig- 6-51 Movable vone aHenuotod

A yesistive a’o{aéoafg/ vane odtenuotor

pyovides  paecision  atkenuation with an - accuracys

of t91% of bhe ndicated abtenuation ovey the

OPea’aJ:?nj/ fycgaency/ vange . It Consists of three

vanes. The Centval vane wotaking/ bype  Ploced

in  the centxal scction of a  Civcudast waveguide

wixtangement fapeved at  both ends . Tho other

loo vanes are wn  the  ectarngulor  Sections

as Shown in Fig- . 6-52

wkET 3 l\L‘gLP
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Fig - 6-52 Rolostys wave precisian alteruato x

when of] {he three vanes ave aligned

theiy planes  ane at ao’ o lhe divection of
electic field- Hence the¥e 15 7o alteruotion - vane 1

pyevents any/ hosiaontal  pelaxisation and hence
electvic field at lhe oulput of vane 1 s bcg{;cqlb,
tofoxised - The cenb¥e vame @ i3 yokaking/ fype
ad i # as wotated bj/ an angle & the ESne
Comf?oncn% o altenuated and ECosO Cornponent
l1s present  af lhe output of Van 2 and  the
‘~final oalpu% of the adlenuatoy becomes ECos®,

which has #he same polastisakion  as the mput

fo Hthis Xo{amj/ Vane

\-

wave - The ollenuation due
odtenuator s then cgua( L IOJ/ Cos’@ = QOI?,@SG

thal is  independent of Freguency” and 1S

Ferecise.

ok Y ll(‘lgcf
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Consists of a dieleclaic slab or vare  Specially

shaped £o Mimimide  yefleckion

Hicstsrdave.
4,

MNANAN

Many,  applications  ¥eguize  phase shifls 1o

wave quide  phase sh:{fca-/m bypes - 1}
AANMV A AANAAN NAaanA

be miYoduced between kwo Given posiions in |
a wavequide system. The phase  shift yeguized
may,  be fixed or wvaxiable - Since  phose shift
Gonstant B i5 ;nvea’slj/ pyopoyLional t0 guide

Woveleng{h Aq » the Magniude of )\3, , the ™ could

be changed {o obtain vaiable amounts  of

phase shift - Fryed amounts of phase shifts can

be obtained bg/ use of capacitive /inductive [¥i5€s

in the wavegaice o bj/ inse¥ting dielectic

xods acyoss the diameteys of a  Civeculast wale
quide or by yeducing widey dimension of @

vectangulwn  waveguide .

The physical constyuction of o phase shifte ¥

5 same as Lhat of a Vane attenuatoy . It

o—¢

P

positive {eed back

£ig-6:46 5SAW 05cillatoy |

unik D B

F2



- ey

Diclectzic slab o vgpe ‘

F9-6:47 Diclectyic Vone (vastiable) phase shijtey
eftccks . imsexkect thyough  longitudind slot  cul alonj/

| lhe wider dimensions of o waveguide as Showr in

Fig« 6:H6 Thi$ dielectzic slab 15 mode of some focw

loss  makexial Cpolyfoam )with ¢,>1.  rmay be noted

Lhat, highew the dielectaic constant of a medium
txavels +hwowh

\the move slowly a N ICYOWOVE signal

. since  most of lhe Mic¥ouwave nghal N a

wavequide +¥avels  thzough 1 gmce most of the
davels through

| Micyowave signal m a wavequide

lhe center of the waveguide ynoverment of @
drelect?ic slab with €,71 Locwonds lhe center of
| the waveguidc means$ that Micwowave signal MoVes |

o neastesr the slab gets 1o the

| vone  Slowly th
ey the broode¥

Center . The dec%aicﬂcld destyibution




fdimension of the wa\)eg'di’cle will  be  modified bj/
lhe diclectvic - slab 50 khal. # 15  distorted  from

5musod:17dal to that sndicated fiq.6.y7
Ny

T lthe van i snsevted  deepey ., the¥e s rove
charge i the medium and theve 15 a qreate?
phase shift . the electric fold  distribution alse shous

he drelectsic has the same effect of incaeasing

the byoadey dimension of the waveguide which

seduces the wavelength in the wave quicle - The

armount  of Pphase shiff 15 mMaximoem when the
slab 15 at the centre and minimum when it's

1o the wall of the wavequide 4 {he

adjacent
75 P[OCC"CJ such thot the Van’g

diclectsic vane

dirmension 1§ Paala“ef éo the o(imcé’.on of

ingide
e clectyic Flux [ines |
\,\olp;si
v .
!
;
a ;
0- 4
4
a h
A

Fig - 6:U8 Flectsic field distyibution
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Tn'the ‘above diclectic  vane vascable pha;c|
shifk s changed  Conéinuodsly |

anothe¥ and hence Hicy/ e
shiflexs - 6 a fited |

chifleys +the  phase

fyem one value 4o
also  deymed " as analog/ phase
phase  Shift s produced lhen we namé *hem ‘i

as digital [discwete  phase shifleys . pigikal Phase -
i phased armay antend

chifteys ase moséf-j/ used
lyas  wheveas analog,  phase shiflc¥s ane used
| baidges  and rnstaurnents.

A pgecision phase Shitley Con be wealised by

a volawy, phose shifley useful n Mic¥owave

measwiement- T basrco[lj/ consisls of  th¥ce Cioculay
afl of which contain onc |

wavequide  sections
dielectric  vane . the centye Section 5 vo tatable

providing lhe Wequized phase shift . 1k wosks on

the  principle of convezting/ @ lincazly polazised |

TE“ made mla @ c.'?fcukﬁl"j/ PO[CLB'?SBC‘ modf.’.

AHCXnojcc{‘j/ | fexyile  phase shiflews atilise

lfamdag/ yolakion  fo? Pa'ov;ding/ the necessoty
{he Case of |

amount of phase shift as ir
Giyxatoy  which pgovides (80 phase shift in

i

ore divection and ¢° phase shit  1n Hhe weversc

drvection

Le k3 16| 2y




| Wwave guide  Mulbipost  Junckons -
| AAAAAAAAAAN PAANNNAN AN ’

i' .
, Al o cextain POS‘;‘lfon in a wg\/echde
9y tern man m

b ’ a j/ a tmes ;{ becornes nece5505{0c(/

to split ol oy part of the Micxowave enc¥gy inlg

Potticulosr  divections . This 15 achieved bj/ wavequids

or in genawal by, Micyowave Tunctions . These oote

coupley units that  divect the

| Combined  fo fo¥m

”c’nca'gg) as a‘etzuia’ed . A’\Eczrna{elj/ the same Junchion

@)
flmafj/ be used lo Combine tewwo o move Sighqls.

|
| ;n genewal , o MicTOWOVE junckion 15 an inte¥-

| cormection of Htwo o¥ Tmo¥e Hicxowave Components

!as shown n Fig -6-1
,| ﬂﬁs sunckon has  Fown pozts s;milodt 1o
|

netwovks - Fig - €-2 Shows

{low  freguency Lo - poxE
.'
pogt @ and Micyowave |

Hoads at po¥ts @.Q and @ . |

analogous do a

®, a Micyowave Souwce af

| The  Micvowave Tunction %%
a numbey of xoads meet

?éza#rc sunchion  whe¥e
| the taaffic

|on which  vehicles entey and leave
, when  inpat

iJ’unc{ion I . 5im,’lax ynanney i
I
.5 applied at post @ a |

_fa’om MiCcYowave — Souice
out of poxt @ anothe ¥ Paﬂé'
|

IiPa‘ﬂi of 3L Comes
IOWL of Post (D some pavt out of port @ and the

LXGmM?ng/ Pojd-_may/ Come out of Po¥t (D I-ése[f

LWL -3, 1’&-‘ BLF
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janchion.

Shuupsviow o 4

DA 29M0Idd

AYNDWOEIH

Micowave |

roi} 2209

i esr
poxt @)

|

M

ot O

wave guide

icyowove
oY

post(®

junction

Fig-6-1

| J

po¥t Q)

A
Soudice

AW
Load

MW

Junction

poxl @)

o}

Fi

Y
Lood

Poxt ()

4. 6-2
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o

I SCaHea’mgz oy (3) Pa?!ome{ea’s . “"-—:?T[
I

'ﬂ'

Low  frequency, ciycuits  con be descxibed by/’

|

hwo  post nelwosks and  their  povametc¥s  Such as|

netework  theozy . Hewe

'Z,y,H , ABcD edc. as pe¥

netwosk  pasiametess velate  the total  voHages ond||

as shown “m Fig-6-3. ::
Micyowave freguencics)

|otal  cwrstents

|| Tn a similor way at
| we dalk of t¥yavelling waves

with associated |
|
and cuyzents ard ]Il

![ powess instead of  wolkages
can be defined by what |

| the Mic¥owave sunction
|
o¥ ScaHea’mj/ pa¥a-|

E‘c101t3 called as S—Pomome{ca’s

meéexs Re{-’ea’a’mj/ o F9.6-2, ;1 can be seen

lhaP Joy an input al one  port ,we have fous

as discussed  earliey . S;mrlaﬂ{j) i we a?r%

‘Ou%Pu%s
Will  have € Combira-

| inputs o all  the poxts , we

| Lons , which oe  zepreserled 1 a  Matdix form

:1 ard  thal  Matuix

25 called a5 a scallesing Hobrix.|
1L 15 a souoe vnatsx  which gwes all the |
| combinations  of  powey yelokionships by the

|
|
of a Micxowave

ZIVOﬂu'oas mput  and  output  poats

| sunction - the elements of this  madyix ane called ||

| scatiezing coefficients 0 5c:a%chrmg/ s ) pammekegs_;

1
|
|

o L —

‘\\%"3) ngl]t —




9 Spaye
Vay
% -4
_6___ netwp o
\
F9 .6-3

To obtain lhe xelakionship b the &a’:’cﬁﬁrj,r

Hatzix and the input foutput powews ab different
Po¥ts considey a junction of ‘n' rumber of

wheven  the ith [ne 15

Lyangmission lines
shown ‘m Fig-6-4.

“n o SoUNCE Qg

Lexminated

Fig .6-Y

Lone3, 20/ o
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| impedence  other than the chavacteristic

impedence (i-e, z, 2, ) and all the Xernai)'rﬁr:?/

“Cabe 1°- let Lthe fizst Ime be teyminated in an
|
|
| lin€s tn an impedence €gual to Zo (i-€, 2=)

| Taike te et wove ok dhe rclon
due lo a sowice abt 4he ith linc , then it d‘tvfcl(,’sl
Hself amongy (n-D rumbey of lines a5 oysays - -

a5 shown n fiq. 64 - Theye will be no  veflections

| from g™ to nth line and the ncident waves |

ko chotactexistic wmpedence (Zo). But , theve s a

|
\aste  absodbed since 4heiy impedences ot cgual |
|
ol the 15 [ine and hence theve :

| mismatch
Hewill be o veflected wave b, gong bock info

the Sunction
by is welated 4o o, by,

b, = (veflection coefficient ) oi= 5544, I

| wheze,
Gy = veflection  coctficient of 25t Jine

1 = yeflection #$yom g5 ne and

T = Sowice connected at ith ine

cortribution da the outward

{Zavcfl;ng/ wave n the 1th Lne o5 given by |
b', :511' q’ ['.' bz: b3 :.-—-an:ﬂ-‘:!

Hence , the

|

il



:
case 2:- Letiall dhe! o) lines be #esminmated in an

|

: H\C lines)
| then . theve - will . be yellections info  the
sunckion  fyom . f ceverY line and hence the Holal
n the

—AJ

imPedence| other! than! Z, . (;-¢, 2 2% foi1 ald

Contatbation o the oukward b'a\/el[ihj/ wave
dh fine is given by
b; = 510, + G170y 9303t -~ - +58i,, Op - - ED

+—4 fo 1 Since i COD be aongs line fzorm 4 4o 7.

| Thevedoste , we hove,

by = 5,0, +8;202 + 303+~~~ T9nGn
b.z = 5:uC1| + 5p2d5 + 5230_31' ---- 195mn0np
In  pmalaix fo¥ym -
E - . — - -
b, Sy G2 ---—9m <
1?2 S Sa - 9an a'z
- cee--e (62)
Lbﬂ__ 9,11 5n2 513 an

column Mafaix [b] Scatte¥ing Colur:n H.G{:Z?K [a]

(oxyeSpoNding {o Mak¥ix [5] Coxresponding, 4o
Reflected Vs of cxdey nxn Inc:dent WOVES
03 Output 0¥ Input
[b] = [s]1[«]




@ ||Power s applied ot the tth poyl  itsclf.

O

—

L

‘.I
)

When a junction O'F n numbey Of Wa\fﬁ’gwdﬁ’s 5
Consideyed

a's yepresert inputs 4o pazhiculor pPo3ts

, bs X@PXGSC?‘TE outputs out of voouous ?021’)':5
| S Corvesponds fo  Scatte¥ing/ co-cificients  wesulbing/

| due lo wput at ith post  ond culpat  taken out

| of jth poxt.
G: denotes how much of ey s seflecled  back

.{xom lhe sunction into the ith post when  apat

proptics of ce) pato

|* [5] i5 always as quose Molziz of o0#de¥ (nxn)
Hé [¢] i5 @ sgmmcéaﬁc Matsix -

| ie-s S;3 = 95

¥ [5] 15 a un:#.omj/ HatziX

ey re1cs7* =L

wheze [¢]= Comnplex. ;Congugcx{e of [s]
[7] = unit Motaix o rdenkity  Mokix of the

came ovdey OGS that of [s].
E The sum of the products of cach texm of any
oy multipled bg/ the Complex conjugate  of Lhe

| cmra’espondmj/ tesms  of any othey 2ow 15 Zeyo.

. n
-CJ * A =1, 3, ---
| .25:k5.'5 =0 K# (k O "J

121,23, --n

5]4-13( anj/ 01C {—he h‘:a’m.nal oy xefevence pPlancs e

I

moved away Jyom the junction by on clectsic

distance PBxly » cach of the co-cfficients S
! (Ci 7 mvo(vmg 1]
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-plane Tee :-
’W\/M AL

A wectanqulad got 15 cut alog the boader|

dimension of a Jong wavequide and a side am |
s allached as shown n  Fg: 6-6. porls @ ad @

eal Mg and Poz’é @ 15 the E-onm. ‘

Fig..6-6 E-Plane Tee

when g, mode 35 made to P¥opagate  into

loo oulputs af post @ and @ will  have

Post @ , the
on $ig . 6.7 - 5ince the

0. phase shift of (6a” as shouwn
elecbric freld [ines  change Jheir divection when Ehcj/-

come out of port O and @ . T cgllﬁcl a E-plane

Tee « E-plane  Tee 5 Q voltage oY &e¥ie€s junction

S'jmmeh;c;al abOU'é ‘“’16 CCTH‘.’D’Om ool Herce an?/
Lhat s o be sphkt oY any’ koo Sqnal thal

5.’3\'1019
| be fed d¥om the E asim.
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| The Scakering/ ynalsix of an  E-plane Tee can |
be wused to descyibe He paopedtics . In cjenca’af,{he (|

| power  out of port @ is Propoxtional to the diffevence ||
Ibho inslantaneous  powe¥s Gntc3ing/ fyorn  pavds O X @. |
Also , the effeckive  value of the Ppowc? ICCMY?/ #‘fi_j.
.o pyopovkional Lo the phasoy diffescnce bl the ||

Farin
@ and @ - when powers en(:@ﬂng/a'

| powey  entedings povts

the wmain asvms (podts @ & @ avte in Phase opposikion,

| Maximum  enc¥qy’/ Comes od of pogt @ o E-o5tm.
post iunckion the sca&emnj/;

follows:

l Snce H 15 o thyee

'iHO{?ﬁ" Can be dexyived as

|- [5] 15 o 3x3 Matzix since lheye wie 3 podts
:i Sn 512 93

[s]= Say Saa %23
! 931 933 533
=2 71"8 SCaffeb’mj/ Co-cfficient '
i f
| S23 = -5
| ‘0 2 ---- (6-20)

since outpuls ot posts @ ¥ @ odle out of Phase by f50°§%
"with an ipput at Poxt (3.

|3. 1% port @ is perfectly ynatched to the junchion

1 5 - ; 1
3320 .- (6:a1) |
H

M- Rom  symmetzic  pope¥ty  Sis = 5g;

—
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= 33|
S13 =931
523 =331 cee (622D
with +he above properhes ([ E9- 621 & 6:33) , [5] becomes, |
sn Sip 413
[s] = i3 S22 913
S5;3 513 O - - (6-83)
5 pyom unitaty propesty - [5] 1% : [IJ
5u 912 513 5“* 9[: 5,; 1 00 I
re, |52 Sar s13) 5" 53 5]3* ={0 IO |
53 S8 9 |55 55 © 0o --- (68
RICI . ‘5“"2-}‘ lsli‘g-l- l5{3l1;-] i (eaq)
RqCa ! 151+ l52a)” + 15130 = oo (635)
R3Ca . ISIBIZ_}-ISBIL:; comnor (626)
Rac ! 513 -5|;* '5]35::‘2. =0 . e (6 27')
Fuaking/  Eg5-624 X 625, We qet
S =922 . (6-28)
|
Flom E9- 626 , Spc [ (6-29)
*
Fsom E9- €21 , gy (s "511*):0 0¥ §j =617 =525 €3)
Using these wvalues (£95. .28 4o €-30) om Eg.62H.
(5 1%+ lsn 1”4+ & =1
0¥ 3 fSI:li-;":,“ oy SWETF - (¢31)
walrix of E9 623 become s,
-
TR
Jsl =1 L =L
2 < 2
4 R S (6'32)
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Hence

|
CasC 9

| outputs .

Casc 3!

We kn;o-:(?x;m cg é.g)

Casc 1 !

| but  intwoduces

g-planc  Tee also

[b]= [s)[e]

b, L e
ba = L
2 2

b3 L -1
S RE! e}

A i |
bt: 9%, +g % + 3%
= L L, i

Q,=d,z0 dz#o0

b= "”CIB)bQ:'J'QCb bs-o |
ie; An ipul of post @ egually divides bl CD&c-z)l_

a phase sh¥t of 160"
acls as o 3dB Splittey.

Q= a, a3 =0

.' bf: %—-i- %
| e, equal ilp's at post O and Poxt @ oesuft in no ||

a to

| Hence |, |,

| Subst/tutings agan N Egs- 63y to 6:36, we gel

| owtput ot poxt @-

, Qg =0 , Q30

a _-q
=2 bas F 5 b3
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|
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H -plane Tee Junction -

A H- plarne Tee sunclion s foymed b;y Cutting,

slot alorg  the width of a man wave-

a ¥ectangulor
_ the Sde cam

quide and attaching arothey  waveguide
_called the H-otm 05 chowsn 0 Fg 65, The podt D

and  port @ of the man wo\/eguide
ports and post © the H-atm o¥ Sidg asm .

called because the aws of
15 the Pplanes of the main

f‘XanSm‘.ss;on line . As all -H’rafee almsg of H—P{Gne Tece

ke n the plane of magnekic field , the magnetic field
the axtms - The refove lkis s also

H-planc Tce i9 olso

the side oot IS pasialle/

1div;des Loelf  into

| P
called @ cosstent  junchion-

aoie called Collinaay

he  paopesties of a H-plane Tee Can be Comp(eﬂ}/.
fclef;ncd by it [5] ynaldiX - the o¥de¥ of scatteding/ mabiie
56 3X3 SIce theye o€ thyee possible nputs and 3
iPOSS'bIC oubputs ! coﬂ‘a?no? / Pla:ncm;fw‘d
I Y AN
i Powey cuxxémJ+,ow b
<
r ¢
\
i 177
| k= \\ @ —DJIPOS—EfH&mm (ke =tm)
| Figq-6-%
| S s 513
| fﬁjz[sq, $23 %J
L . 531 532 %33 e (6:H)
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Now we detesmine the S-pasiamete¥s 5., i1 ,2.8,
7> 1.2,3 by applying the pwoperbics of [5] -
1. Because of plane of Symmct¥y of the wunclion, sm#-
€¥ing/ co-efficients o and 5y must  be cual-

S 7 a3
9. FYom the Symmedic paopesty’ . §;; = Sj;

512=5y . Sa23 = 932513,

SIB =93)
3. Since Poa’r’: is fca’;‘cc%{g/ matched fo the J‘me,f:‘non

533 =0
wilh these paopertics [57 Mak¥r of ¢g -6H becomes,

Sh S12 503
[5] = S 522 43
553 530 ----+(68)

re , we have four anknowns.
H. Faom the unftooty Pa’opcaf{y
[s10s]* =[]

e |5V 512 913 ) [ siu¥ s
e,

| o ©
S12 532 93| (s 525‘5;?‘ “lo | o
513 913 0 |85 s5f o o o |
Mubtiplyings we gel.
. * ¥ +
RCi: S +5RSR +91353 =I (Re =yow 3, column 1)
2
oF sy [srl” 4 (581" =) .. . (6e)
SiYT?JGJle/R:] Cq ! ’5}2‘%.}- |522)L)r lSlE}f2 =] - . (€-F)
R3¢y : * 3
363 foil”  |sel =1 . (68)
1 * x
Ract ! 5SSy + Si3di - g - (£9)

X0 1 { B
FYom £9.6-8, gl46 . (Vs b, o st et

lelalz'-,:] oy 5;3—‘:;72 = (610)

VN3, 29 )3L7c



T Gompating Egs . 6.6 and 67, we gol |
Jsn I* = |5al* |
11 = 522 e |

F¥om £9.69, S+, (spf4 525 =0, 07 5 = -sit

oY Sn=-S12 o Sp=-Sn  ---- (612)

vsing) these i £9.6:6.
L
lsu % 1sul’ 5=t or a‘zlﬁulq'—_-.,é- 0¥ Sz --. (69

. Fdorm E9. 61 and 612,
Sig = -4 RN (ALY,
.- (els)

and 5:2:1—"7;[
{yom 62 " G‘{O &E?s'

5Ub5'll.f'lu'hn3) )Coa" 5'3_, S , S12 qnd 523
€13 o €15 m E?: 6.5 . wegd

-k &
5] = -5 & 5 L e)
& & o
we know that [b1= [c][a] (fvom £9. 6-3)
b ] [§ % "I::I_ Q]
baf=l-z § ||
-ba._‘ j,i 3’3 OJ.Oa_
i-e, bz 7a —'Ta;-r—‘-ﬁaa . 617
by -zar - 703 t R as (6-(8)
bg:-};a. ¥ a2 L %
Case 1. a3=F0 , a,=0:=0,
Por (N X R .

¢i-e > Imput 15 9iven at Post @ & no ip's at
substthating) these in €99 - 617, 618 & 619, we get

5,:?_-3- ;bg_ﬁ% Cmd b3:O
7

owkr3) Q3% S




) let ps (cOza'csPondiﬁgz bo a3) be the Ppowes input af port@®

,r'ﬂm’n lhis power devides egually, b/w ports @ & @ in
| phase¢ :-¢ o P=Pa2 .

But Paz P +Pg =2 Pj=2 Py
'T}';e amount o Powc?d Comingy out of poZt @ o¥ port @
due fo nput at poxt .

fi
= lolog 1o 73 == 100y 1025, = loloy (5]

" —Io[og;l: = -lo (0-30l0) 2 -dB

‘s 3dB down ewith zespect fo input  pPowe¥ at port @.
hence 1he R-plane Tee S called as 3-dB amsplitter.
rethes  when TE), mmode 16 allowed 4o propogate

mput  povt @, le clectvic field lines do nof change

theiy  dixection when H’Cj/ come out of Fovst @ & @,

Hende cd.uc}cl H»Planc Tee  -€o T;we WOoVvES {hal  come out

| Herce , the Powey Coming/ out of posl @ of port &

of poxis @ & @ e cgucj tn magnitude and thase. t

]

J'
I

! 6056’ a : a' :02 :_"O 5 03:0
{
bi=4.-9 , Lo, =%
li =3 ’E"'J_—iaﬂ - T2 0
P
by=-& 49 4Ly, =X
i 2 T TR®d T F o
| bs = O :g?_.:g-,—}q
il J2 3 Ja d—,_;

| e, the output atf post @ is addition of the two

iiinPU’f% ot post © & posl @ and thesc atc odded N

| Phase .

.
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Fex¥ites ane mon _ metallzc  mated
yesistivities (P) neanly 1o Limes gz’caéca* than  metals

and  with dielectric Constants  (€x) astound [o-15 and
he o¥der of looo 'Tbcj/

have Magnetic pyopestics similan 1o fhose of fewyods |
metals - Thcj/ ae oxide based ~ €oP ounds  having/

ﬂcncafa{ Compos,;'{;on o,f the foym MeO + F€ 203 i€ 5 a i
Halic and fexyic ovide wheye Meo

Yepresents  anys divalent  mctallic oxide such as MnO, |
of these Tl'vcj/ e

ZYIO J CdO ' N:O oy o m'ﬂ.‘!ZUﬁ'lﬂ
des of matezials of

OHdﬂGA bj/ fi¥ing/ Powdea’ecl oL
ll00°c oy wMOIC and Pressing/ them into O(;{,fex@n{ 5}10}%5

This pocessing/ gives lhern the added chasactesistics |
of cegamic insulato¥s SO thot they Con be used at
Hicyowave —freguencics.

ewvils  have aloms  with loxge narmbe? of Spinningf

cleclyons  ¥esulkings in SBONYS magnetic paopeatics: These
lo He Hognetic dipole  Homent

gecause of the above

als  with

yelakive peymeabilitics of t

Hirdwte of a me

Hagncé?c fa‘opca’l:‘ies awie  dus

associaded  with Lhe cleckson sPin

propestics » fearites ¢nd  applicalion in a rumbe¥ of M-

wave devices 1o deduce chflccér:c' Powey foy Mododa-
lion puwtposes and in 5co7{ch1nj/ Civcuiks
kigh esislivitys they/ can be used wupto 100GHZ-

fewsles have ore mome  pecalias  propeaty’ which
15 use{ul ot Mic¥owave fa’ecguencics i-Cx, the non- ¥eci
pccal propesty, - when Hwo  cixcadanly polastized  waves
¢ and othey anticlock wise oste made

. Because of

o a@écbng/ clockais
SN 3/ ?JO/ 3[_\,,
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]}LLO Pa’oPoge._ _{}:;oagh fexaile | the nﬁg{ea':al seacts diﬂffcafl
| ently b dhe oo wolaling/ fieldls , thexeby pacsenking” |

dfferent  effective pesmeabilitics 1o both the waves -s.e,

| €2 Ay 1 O for [cff Cia'adomlgz Polcm‘.;iecl wave and €59,
My, +py o the wight ciycudorily polosized  wave.

Fanday golotion , fexaile - componens -

Considey an  finike Jossless  medium « A Séakrcf’.eld"-'
By i5 applied aﬂong/ the 7. divection . A plane TEM wave |
that 15 lhrcanly polodaed alogs the w-axis ot 20 i mode]|
lo plorage thaough the fewsite n dhe ,_dizeckon .The Plane|
of plaxization of lhis wave will Jotate with distance.a

known as  fazaday’ Rotation. .
sed wave Gan be yeqanded as the |

cixcalonly poloouaed |

phenomeron
Anj/ }inecmlj/ Polax:
or Sum of o courtey  wokating/

wave (Eof2 ) The Fesdite valewial ofeds  diffedent chasacteri-!
|stics to #hese waves wih the acsult  that Ehe pachase |

fon ome wave longey  than the othey waves
|
tg) of the lmcam(y/ Fofoﬂiacd \»Ja‘f:f:‘

|| vect

dnangc

sesulking in Yotakion
R

— T e

220
Fig- 6-30 Fa_aodogz Rotation

In dact , the angle of yolation @' is qen by i
& ’{f"(ﬁa- ~BL) - . (6T5)
wheze , A= length of 4he fexside od I

| By = Phase shidt fox lhe wiqht cixcuanlys Polazised wave w.a-b:;

Some wefevence

!' B_= Phase shift fov [eg) c.*afadamfj/ pola¥ized wave w-2-Eo the Somc{’
‘- sefexence.

|




: Gngya'aioa’:?
M
T 15 kwo post device that © —_— .
has a zelative phase didfesenc of pot " |
¢ o—— Radions ,PO% &c

I90° Joy 1yansmission frorn poxt ) port

(2) and rno Phase shiff foy dransmission Fig.6-32
poyt (1) aS shown N Fig- 6-32- '
The Constpuckion of o qyraloy 8 05 shown in 419632
Tk Consists of a fPicce of cicudod waveguide canNying/ the
dominant TEn mode  with Lyangitions lo a stondand yectan-
Gl waveguice with domment mode  (TEi) ab both ends - A hin
cisculast  rewibe 2o fo ok both ends 19 located inside
the civcudot wa\;egujole 5u?Poz{{cA 193/ fb“y-fOOm and  the woved

.o suwwounded by @ pevmanent Magnet which gene¥:
paopey ofeyation of fexwite - T the

Jp end a Qo foors ted gectanqulay wavequide 15 cormected as
oo dapeyed at both erds fo zeduce {he

Shown . The fewzite 0d
ableruation & also (py smooth ¥olakion of e pogized  wove.

Wf when o wave
on  yolates by do becouse
[Tt again  undergoes Fa¥ada
fexsike  ¥od and the wawve which Comes
have a phase shift of 180"
Bub when the same wave

Jaxaday yotakion thaough Qo

Aryection - Becadse of the twisd
back bj,. ge C(omes cat of post ) wilth O Phose shift as

shown in fi9- 630 Hence QA wave at port (D unde¥goes a
phase shiff of T sodian s but a  wave fed fyom poxt (3) docs
yot change s Ptasc in a 9y Jokos:

%\é‘j{i“ An Tookdoy is a 2 poyt device
Small arount of attenuation  fo¥ Jyansmission J0m post @
:11‘0 post @ but provides  Maximumn alle rualion for EXansmission
from_post @ 1o port () - This ¥eguigernent 7 veay’ rouch  despable

fyorm  poat () to

peded

quide
abes dc magnebic field fox

enlexs Pogt @) ifs  Plane of Polo¥iaat
of the dwists in the WOVcﬂcLEdﬁ
solakon thsough qo° because of
out of Park @ el

ComPoa’ch to the wave of Poat @).

ertexs Post (U 4 undexgoes

n the Same anticlockwise

lhis wove gets yotated

which PFovides very

Oe-3 ) 32 3%




| wavequide and H5°

&

\’;b-m \AB [ e .:I
D“’%“ g'af:ﬁf%’raa e %‘,“;’fe with a  vaable (oad. —:‘
od

Fig. 6-32 |

when isolator 15 insewted bl gdenevatoy and Jood . the 9ene )
sobor 15 coupled 4o the load with zewo attenwodion  and yeflechions|
i arys from the load scde arie completlys absosbed by fhe isokitod. ”;
‘without - affecting/ the qenexaloy oulput- Hemee the qenedatoy appears |

i{o be rnalched for all loads in the presence of olator so that H-\czq

15 no change in fyequency X ofp Powey due Lo vastiakion in [oad|
|

This 15 shown in Fig- €-34.

o —

| oo

| Joudice

|

! Iy = —

' SouwNce 1 Teolodoy 9 Load |
¢ = y |

Fiq-6-34
W:’ The Cconstyuction of ssolatoy 15 st oot fo 3330105!
except that an isolator makes use of ys° lwisted z’ec&ongufajr:
fooraday/ yolakion fexsite Yod (instead ofdo |
PlOCed olﬂn?/ the Icmge CLIMC—-:
abSosb an

in qyyator ). a. Fesistive catd 15
ngon of #he ¥ectangulodt wavequide 50 as 0
e whose plane of polstisaktion S Folele’ o the plane of

e codl does, mot  absoxb angs wave

Pca’Par::ii’qucﬁ? 4o ko own Plane.
OeRkd o 333

wav
yesiskive cad . The vesist
lwhose Plane of Polasdaakion 75
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Fig..6:35 consta'ucifom.ﬂ details '6f rsolodor.
opxkioni= A TE, wave Ppassing faom port @ thaough he Vwesiskive
comd and 15 not aberwaded . Aftey Coming, out of the ceond , the
wave qels shifled by Hs® because of the kst in ankidlockwise
divection and  then by arothey w5 in clockwise diveckion - because
of the Jexwic vod % hence Ccormes out of port @ with the same
Polsuwzakion  as ak Ppo¥t (i without any attenualion. O

Bl a TE, wowe fed frorn PoXt @gets a Pos from the Jesidive
Coriel  ploced mean  podt @ since the Plane of polasciaation of the wave
i5 [0 Lo the Plane of lhe sesistive Ceored . 7hen lhe wave gets
votated by/ Hs®  due {o chqday/ volation in Clockwise divection
and fusthey qets wolated by g n clockwise diveckion due 4o
the koot in the wavequide. Now lhe plane of polaziaation of
Jhe wave will be posallel  with that of the wesistive caxd and
henice {the wave will be ComPfGHj/ absoxbed by the wesiskive

cand and the output alb port @ will be zevo- THIS powe,% ?‘5
dissipaded  in Lhe Cond as heakt: Tn

practice 20 to JodB
e oblained o7 byansmission  foom roxt @ %o port(D.

reolakion




