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SLSCTRONIC AND TRLGCOMMUNICATION NGINZZRING DESCIPLINS

SPATEMENT OF THE PROBLAM s

It is required to design a cylindrical metal wavegnide
to resonate at 8 GHs... The cavity is to be coupled %o a
eylindricol vaveguide carrying the dominant ‘mn mode by
pesns of a centred circular aperture.

Coloulate and specify all divensions of cavitys
eylindrical waveguide and the centred cirenlar aparturo.
Jhat 1s the made (or modes) $n which the cavity will resomate?
Caltmlate the § of tho cavity, i{ she cavity is made of

1. BBASS .
2. SILVSR COATED BRASS



IMMIOH g

‘Prensmission line (tms}m éscillatory syatoms
mztuka an essantial part of amat any electranic circultls,
However, the lineay d&msim of oscillatory eircuits at

~ mierouwave qus m canparable to the operating wavelangth

so that the coneopt of am sseillatory system with lmmped paramsters

Hence at Croquencies sbove 1000 MC (1 Giiz) 4% isessential
to nge metullic eaclssures or cavities, in which a dielectric space
is enclosed by a comducting material, -

" The nistory of these resonators goes back DRy years. In
1898 J.J. Mm dorived an upmsstan for resosant frequencles
of the tramsverse alectric modes in cylinder. In 1897 Lord Rayleigh
published a paper dealing with Tﬁmmzneav&wm&glvesthe
highest Q faor smmllest volume,

- These metallic cavitiss sre matoly of any of the thres
shapes, &) Rectangnlary B) Gmm,'c) Spherieal., sSinco the
pover 1938 in a cavity is proportional to the surface area, whereas
the power stored depends on volums, and since tls ¢ of a cavity

" depends on ths ratio of volame to arga, the sphore with ainimon
- smrface area snd highest va:hm seems proferable, However, sphere

pos other disadvantages,such as, the resomant frequency cannot be
varied oasily, problem of mods degeneracy and diifienlty in mode
exeitation., Por the above reasous, the cylindrical cavity finds
meXimm use. |



The cavity can bave a variable resonant frequency
'(vaﬂatinn can bo achieved hy means of 8 plunger) or it can have
8 fized resonant £rEqUAnSYe.- Both types ’m of agual importance in
microwave applications. |

The microwave caovities find wide applications im mdcrgwave
circaita, such as, mimw, fumed amplifior, fmqum'y £ilters
MMMWtWa&. ?hommatmtma
tors in ahove npplicatw 13 dne to thai.r ability to aelect a

~ The eylindrical mvegni&e coupled %o a cavity system can’

- be used for freguency eontrol of microwave pscillators as in Poand
Oseillator. In amother important use, the cavity coupled to a
wavegnide can be used as a radiator of high ;;wer with low
bandwidth,

In all those appuﬁatmu 48 alsays pmi‘erm that tho
: r:avi:@wbaaahm Q,mﬁthampmwmmamlmm
(exeitar or extractor) be eritical,

Depandinz on the field d!.atﬂbuem in a mty,
. cavi.ty can suatain a W& of resonant traqumg each

: frequamycormmam wmmm mxie, Bach reasonant

mode is choracterizod by a certain fileld distribution and will have
aemmvmedqnuty?aetor,Qanda resomunce freguency.
Kmeaepm;mtm”eamnm:mummm
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A. Fieo Conrieurations  For - TE,,  mooE.

For  TE,, mooe

B. Fieo  Conricurations
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Honca, oV it ia paquired that an arrangement for axciting
this cavity be made, The coupling of the cavity 4s & wavegnlde
depending on the basis & '

a) The ande to bo axcited in the cavity;
b) The cosfficfent of coupling requirad.

?ormm, thsamment of eritical csupling
i3 choson.

mmpnnsormum 9 cavity can be done by probas
ap loops, o aperture, However, prohes and liops are suitadle for
tronsuission line, vhereas sperture ceupling is the best for
uanmma

Ths mmue and mm.c Tield eaaﬂgamt&m of a
eylindrical cavity for different mades have boan shown in t.he

aceonpanying {igare.

Pron the examinatisn of these figures, we £ind that the
. magnetie fileld lines for fson sode is perpendicular to the
cavity wall, this yesulfing in very small copper 10ss in tho wall.
45 a result, it can be inferved that the § of such covibiss will
be the highest and most suitable for the purpsss, As a resalt,
the design prablem given reduces to tim following 3
a) Designof a dylw wvaveguide carrying 8 Gz, that
‘will axcite a cavity.
- B) Naimafamvﬁymtvmmtaaaﬁﬂzm
sapporting the Iam msde for high Q.
¢) Loeation and M&mumamamt will sxcite the
" TR .. wmumpwamtmmammm

011 .
critical esupling will ba achieved.



The difforent aspoets of this design problem have been
digeussed in ehapters which fallow this,

Chapter 2 begins vith the derivations of the field
equations requirved in the design of o vavegmide. Different consider-
atiasns, such as, £latness of atteonnation factor at the operating
frequency, mode soparation, power handling capoeity of the gadde,
 breskown vitage, etc., bave been disemssed in refarence to the
design of the gafde, & similar discussion for cavity design aleng
vith required dorivations for fleld equations are given. The
cavity mode has been selected based on minimizing the extraneous
mode and yealization of high Q. Ihis 13 follawed by a discussion
of coupling arrangenments possible from the consideration of cavity
and waveguide field distridution, 4 mzitable eoupling amngem
is chosen bassd o the eriticel coupling and suppression of wwented
mada. Béqui.‘rod expression for dimension of aperiture bas been

derived, This 1s accompanted by required diagrums and print sut of
the computer program with the resulta, used in the ealemlation,

In Chopter 3 all the calculations based om the derivations
‘glven in the previsus chopter are made, The dimensiana of waveguide,
cavity and the aperture are calemlated, The loaded and unloaded Q
of the cavity are calenlatsd for cavities mde of a) Brass (SW
" coppar as well ag 70% copper) and b) silver cﬁate& brass.

In Chapter 4 an alternative seham has beon considerad,
ngh this scheme mfrers from sorises as.aadvantagas like very lov
g and imadeguate suppression of unwanted mods, it bas an edge aver
the previcus scheme, in that it 1s simple to fubricate and the iris
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uummmamewmwmmmm@
well as ¢avity. mm@mmmmmmwm
aye given in brief.

In Chapter s,mmwumm'm@m

the system is descpibed, Other additional featurses, such a8y
effoct of tezperature and m&n;r on cavity Q are deseribed.

mmmwwcsmmmﬁmm

have m: dmusaod in m'm‘.

Heam&ma design with a Mefmwmetm
deaign e«mm.mmmmmm W
mmﬁw. | o

wmau:amwmwmmmms
‘qumaeamammmam, jmmla, bandbooks
mm~m:emamfwmmm
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BRIEF THSORY ABD DERIVATIONS UsED IN THS DESIGH s

241, HAVEGUIDR

2.1.1. PHE SOLUTION OF THS BLECTROMiGBITIC EQUATIONS FOR -
 GUIDES OF CIBCULAR GROSS SECTION s

| For cylindrical wavegiide vith circalar cross section,/ 17
the field and wave mﬁmmm&eﬁt&m
coordinate (7, #, 2)y 50 that bounfory conditons can be applisd

In cyiindrical cogpdisates in a nonconducting smeawfm‘
reglon (aasuming the variation znx«ﬂimtmﬁcba gi.unbye ’
whore is the cunstant of mﬂm}, ﬁmmu’a Bguations are

4335:,'_,; . jweg--“

32 ¢ -3

4
s

-——-& rg -l w
i’-aﬁ* g = TIhBe.

- af Q‘#_a jwegg

- T35 d>Bg

‘? ‘.mﬁ—éw/\&n

23 ﬁ
- .%.Q.?if.& ) 3%3

(2edad)

K 3 Bg) -
W (—-;1-" *;é*’ MR \,L -

The vave equation in cylindrical eoordinates fur H_ is obtained
from (3.l.1) |



' Eﬁ ou: €
zﬂg A W% az. «-—-«——-—-a Ml

09

.fl
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o » o{2.1,2)

symtmamesmammmwm

Msﬁmtm,mmmtwnaas

-8

H, = 3l ) (%M*%W)e

The boundary condition regquires that 5

2 =e 2N < pew=o

§= a -3
f=a
Pan
«e» B ® """;""

Vo N Rs? Wgot

. % 6‘2-1;3)

® » .‘2&1;4)

Bence for Ty, (dominant made) in a eylindrical waveguide, the

f1e1d equations are as given belew [37
- ¥
5, =3, (Bl o3 Pyg® | C0F
z "~ 1‘ ade ¥ {sw
~E,* 0 |

H o= Jﬁn’u ‘m' £y o3 fys® {cw’

| a%u sing
Héa'.. &..: o™ Pua® g-sw
% Cosf
RS T
By = "‘Z‘h,uaf

Tar Wt War? S et Nt S Gaa Yo Sy Saar? N Dau” Wt St Yot Soue? Wt T Waar? Wuot Naao? Meae? ogus?

s o 3(2.1.5)
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m othar factors for the cylinirical wvavegnide transmitting

= [ka - gzn_)a:) ya e v o (2.1.6)

Zg,u 3 h"‘» | oo s (2.1.7)
t fu® |

cateolf vave puzber fo@ rsu . mde 19 |

L ] . _

B " = e e

mMEthm ?Enmts

s 2TA. e e s (2e1e®)
A U A

~ where p;1=~ 1,86 oand A_® 3.4la
. « 0.203 : A e o v £241,10)

2;1;2. mmn @Wﬂﬁ FO& 'CYLINDRICAL WAVSGUIDS ¢

mmﬁaﬂvm (hare the diameter of the
Wmvem&&)mehammmsﬁnm_m:

a) The dtmensions dre so chosen tmy the aperating frogquency
1s aboat 20% higher than eut-off frequency, whare the attemuation
and phase shift faetor with respect to Ireguency is mord op less
mcmmmmswammmmﬁw gnida.



Vi

b) There is enough mode separation botwesn the Gominaat mode
jn the gutde and tho mext higher order mode possible. This is
esseatiol since o degeneracy in mode results in complexities
asmmnthmplmmmm into and out of a wavegnideg

mmtmmm pepagates.

%ﬁnﬁmt %ummmmmmm&r

mmhwﬂt

Themmmvwm 2&& mode is

= (m)u

L g }
eIy Por
Other cousideration in the choide af wavegnide dimensions

6‘?3: Z4611a e e o (Belell)

(1) mmmmmhatmtmfaetamm
ropresents a sultadble cholce '
B | | «-Ifa ' | ' .
A= % 1 - (.?.)2 o {Ic,)g*-—-—}-——- o s (2,1:12)
'ﬁaa £ ’g-l
| | 1Y
Smet;~mwwatammmm%

and éna exist togethor, Hense this chodce is Dot suitable.

(11) . The other cholces are maximm pover hondling capasity

. and the brealkiown voltage that can be sustained. From the

expression for péur we £ind that the powar mndlm capacity

impraves as the operating frequoncy memasas;

o From the expression for tho electric field we find that
with higher dimensions the possibility of breakdown decrcases.



\5

The caleulatisns based on these considorpations are
given in 3ectisn a;.x.

2,2. GavVITYX

2.2,1, SELECTION OF CYLINDRICAL CAVITY 0 B GOUPLLD 70 THS
CYLINDRICAL WAVBGOIDR

‘The made of the cavity is chosen based mainly on the
- £9llowing tun busis @

@) The eavity of winimin volune for givaQ, bacause the
mrﬁmmfmmmmmammtm
.nmmrummuﬁnbemm |

b) & cavity having & minimum of exiranssus respanses of the

mawmgammmmamamwm
@Mkhmﬂmmamefammmgham
'h&gheat Q mmmmwmmmrmm
modes. The later consideration is very important and is talken
'mwewzmmamgmmmmm

- Bvory aavity resanator rogardless of its shape has a
series of vesonant {requencies and infinity in muber and more
closely spsced as the frequency incpeases. The 'tatal number
‘baving a resonsnt frequency less tham™f _3s gven by /[13 .7

S .
B = %W . Qow‘,agzal)



‘vhere V = Volume of cavity (in cubic meter)
¢ = Vaelocity of electramngnetic wave (m/sec.)
f = froquency (cyelas par second) |

Bow we considor which mode hos the highest @ fora
glvon volume, I 43 deairsble ©o keop the volume minimum since
_tuetatulmatmmaisatmuon&mm
of the probles lsads to the sonclusion that oparotion in I8,
zade givop the smallest volumg for an assigaad Q.

From the considerations given above and eonsiderations
~ of suppression of mede asssefated we chase TR, mde for the
eylindrical eavity. Sinea the Ty, will alvays be presont

with T8 55y, We mple the eavity to wavegnide 59 that there can
bo exchangs of eusrgy vhile TH is suppressed.

The coupling scheme with corFespanding field diagrams are
shown in F1g.7 and Fig.5 rospectively. The aperture is ou the
centre-of the trensverse wall of the wavegnide, comnscting it to
the cylindrical wall of tha cavity.

2.2.2. THR FISLD BQUATION AND UNLOLDED ¢ OF THS CAVIEY o

We find out the field éqmt!.ons for a eylindeical cavity
of length 4 and redius gp,. This 1s a sectisn of cireular vave.
gasde vith short circulting plates at each end.

The fislds in the cylindrical cavity my be detersined
from the corresponding waveguide solntisns, Using the appropriate

ib

boundary conditions noar the shoyt eircalting walls, we abtain the

£19013 equations ior 23911 mda.



V1

5= éamsm :-ﬁ&:

~

)
}
) .
e oo (2:2,3)
"ov‘ae’ §
2w p’-- ~ )
.zga....._’.fe.slx 2f ) sta2=) )
| "u’“ e 3

To find § of the % mode, the tim: average enargy
@ stored in the cavity and pover loss in the wslls mmst be
a, 2 4
H&'iﬁ‘afia~.f f f(lg!‘g-t’%} ;m@&
a. °

9o ® # ® (3303)

| ,plg‘-g‘;- im lgﬁ‘a'? ds

:Wwwuvw

Sabstituting these valnes we find;
o Pactor = .Q 5 B
Hode Shape Pactor = .Q Sg/ 7

2, n2 Y2
{w ot <4’%'=-»]

",,;— o o« * 9 (?'czt‘l}
2 m

~.

Bowever, we {ind that the Mode Shaps Pactor is & complex Hunction
the ratio (2a.54) If we call Modo Shape Factor, M and the
dimension ratio of diamster to length, r, then wo find



3
Leog)® * 2 2] e
y o L\Pa z " .o (242.5)

Now, by differenting M with respect o », we can
maximize it, 1.0., Tind ont the r for which H ‘takes &
maximom value

= @) 1er] mo

r=3

2a, =4
- s ® 2 (2t2f6>

~ However, from the graphs given in Fig.2, we find that the
1.5, Factor is considerably flat mear the meximam and for the
design we can choese

2a_~ 4 v ou {227
.
2.2,3, DESIGN CONSIDRRATIONS POR CYLINDRECAL CAVITY :
The design of the mitr dimensions is fanciliitated by/%?n
mode chart and defining an sperating reactanguler area on it.
Thy chn_ice of this area is bassd on the suppression of the
£ollowing modes te |

a) Inzertmma'm&e, l.8.y aiy non diagonal modein this area,
Py SO
b) Host care is taken Lor supprossion of self interference

mopde which, as will be shown, leads to mﬁn node .

¢} Crossing modes in the ares are avoided at all cost,; since it
degrudes the ¢ serisusly.



The dimensisns for tho cavity are chosen so Lhat within
tho bandwidth of the cavity, the interfering and crossing medes
by using a Mode Chart as shuwn in Fig.l. ‘

, The ¥ode Charts ave constructod based an the follswing
relations betwen the ressnant Crequency end diameter to leagth
ratio 3

: 1/,
£ = [(h.) 1;1 }z] e

m 317 37,— ® ® & ‘20248)

T 3 .3 028 2
(Bl T+ 5 9

Using the equatisn 2.2.8, the line correspondtang to
'TEm modo tathmmnmlhstmbymfﬂmm
m&m s )

S 2
(% fm} = "&) * ‘3 ‘..és‘ ‘ ' P » (2’209}

sm.m@éutyabemwuamacavmmh
a very high- Q, the bandwidth of this cavity will de very low.

, mmzmmm@wmummmma
rectangle on tho mode chart of which mmfmmmm‘

Any nonedisgonal mode within this-pectangular area will
bo an extransoms mode and can lend to confuston and asbignity.
Since the size of this rectangle is very small, tho interfering
10388 (Le6ey those which do not cross the desired made) does not

canse mch problem,



Por %11 mode the self-Sinterference ie a&sa‘mft.a
majot problamy since, for m& ade )

Sz .o (242,00)
31 n '

and this ratio for By is egqual to 2,

The crossemnds (1e6es a5 undesired mde that erssses the
zajn mode within the rectangls) can hotome a major source of
problea if the dlameter $7 langih ratis is mot chasen properdy,
mm'mmtm&utemwmmm;&eemm
is simnltanecusly resonant in bdoth the moides and violong
intoraction offect which may s,m dograde the cavity ¢
frequently occur at such crossings. "

Hoda Chert shovs that a valme of {&ya)ad 2 gsatisfies all

the rumms.

m detalled calculations are given for the cavity
dosiga in _Eeeﬁ.on Be2s

2+3. APEETURB 3
2,3.,1. CHOICE OF PH2 COUPLING ARRANGEMS

.emmwtnemmmwismasmm
raummms. B
a) mmbyemmam«mmturmu
ehemanmmmotmmmmmmmepmw
aperture (in place of aparture luop can bo used),



b) mmmwzwaymismmmmzs:

(1) mammummmme nmplasﬁum
maximmn magnatic fiald.

(ii.) The empling should bo such thad 1t suppresses tho

‘To bo useful the cavity mst bs coupled t6 external
eircuits. Thoe problem here is to get the correct caupling to
the zain made and as 1little coupling &z possible £o all other
mdes, dince the electric field is zaro everywdore at the
boundary surface of the cavity for P8, mode, ¢coupling to i3
mast bo mgnetie, rmmmmwamummﬁm
Wmm@ﬂwmmmmem '

; Karewhave Mae&ﬁngbymmata eireular
nyam on the cantre of the transverse wvall of the waveguids
mmwmmtxmmemxmm&.

. - .. The location for the anximan coupling to the main mode
- 43 on the 3ide of the eavity, ,am toa m&rmwktm
the end (i.e., ot the middle of the side wnll of the cavity), or
on the end about halfiay (43%) out from the cemtre of the edge.
Correct arientation of waveguide is obtained when the magnstie

'rmat:;mmuel

Bm, the mplm;mugmmbawma
meaningful zsmner, allowing us 9 suppress the unwanted mode,



From the mde chart wo fimd that the wanted IR,,, mods
1s paired with umsanted mmm. Sineo T4 made bas @
substantiaily less than that of the IB, the fact that maimas the
realization of highor Q difficult, it is requirad to chooge
the coupling which will suppress the umwanted IH moda, This is
msstﬂahmthstmmmtmwmmungmm
de used to discrimiuate botvsen wented and unwventod means. Simce
TH mode has Bga-e,sm@emmmmmmnsw

wall will not cuple to any TH modas,

Based on these econaideratisns we ¢hose the coupling scheme
shown in Pig.7 with the Iield configuration shoun in Fig.5.

2.3.2. B CHOICE OF THZ APRRPURE BADIUS s

The radius of the aperture is chosen such that the
_coupling is crz.tmu This eritical ooupling is necessary since
ﬁmmf&wapplmatmmmrm devices whorer o high dip
, xsm@mrorpmr maasuronont

The derivations that Lollow for this apayture esupling
is based on the general problem of compling a cavity of any shape
to a wavegnide through an aperture as discussed 1o “Pime Harmonie
Electromagustic Fields® 3 B.F. Barringtan (pp.436-438) [78 7.

An equvam circuit for this coupling arrongement i3
faund out in the vieinity of resonance. The eloments raprasenting -
the result of ovunescent modes arae mﬁéﬁe&-sm- it complicates
tho darivations,



2%

fma awmm used agoe ~

a) Orifice 1s in a wall of megligible thiciness;

'b) Its dlemeter is small compared t> the wavelength;

¢) The orifice is mot near any surfoce discantinuity;

d) uaveguide propagates cnly the domizant made and 18
MQWMﬁ

Por a eivcular wavognide, we have

. 3 '
¢° = A /én kf’“i... % B s
BR m ‘p;p)a-'- 1!2] Jn &Bp} é
for doninant TK‘u_ zade
1 ' ,' Jl‘ ’il‘fia} sw . o o £2:3.8)

® . .
p® =
n ey

¢

N 'y
Hode Functica for T8, is
a'aa[uzxvtw:l]

= _ﬁ, K .‘l‘a (51‘!’1&} Cosi
’ i [‘9;;)24] Fyteyy)

. B 3 ‘p’ 1 L ] C
¥ aﬁ ? 3 1 il Ia) ﬂ"?" SW E 3 0(2;3‘3) )}
. f‘ [ﬁpu) ..1] AN

S

Bormalizing the mode vector, we obtain

js’ 2&«: a3 | o s s (2.344)
whors the integration is overthe guide ci#sss section.



24

s % » (2e345)

[ ]

p
| n o
‘2 )
MInff to)a9

j ge:
I =

He ammaparme i’;ﬂ.ﬁgs
J |
Eas-ﬁf ....f.‘..-.. 31(;;’1%’;)&0333
Pyif - -
L a ) ' : .. {2.3.9)

AL

¥ :
LA .
*U N (..é%‘) g

Hence the waveguide dominand mode voltage is

. : r 2
) L] m Bl’ll} ,* 1] * e & (20357)

b & 3

How the wavegide dominant made voltage thot would be cxcited
i1f the wavegnide were of the same md:lns as the aperture

| Y A RO )
v= (203 o) [pu’ "] ‘oo (23,8)
. pn . - .

vhere r° 43 the radtus of the aperture.




Henco the turns ratis of the ideal transformer is given by
the expression

nat-%-)ac‘-?&-f o o s (2,3.9)

?nrasmnnmﬁaaamwﬂmmnmmeaw
side and mazr the wall ~

o - - ] .
E;-S B‘S’ H Ja{yﬂ) bw * Uy B :’G{’Q&; CasfF = e v o (263.00)

By normalisiag pawer we get
_ 1
B =~ v, U (3.3.11)
V/’*”“a(-?—-) 1o (R 507)

al

p
and I, = J o z'g(e)w
9

Now
Y Hit By pds 4@
. .+ o(2.3,12)
= B 7 3o(phy) &-E?l;-)z [To* 15]

E J
Pir

Wnere I, = j 50 4 ~_
3

15 - ‘S‘ 1(9)
[ 3
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Bsmg pumerical Integration on & computer {3impson’s method)

we find
13 = 1.180823
Ig = 0,691000
25 = 0*33831&

Using the adove values we obtain

i
T, P 2 Ty
}® = ouca7 {p&_ 2 [n ¢

AT

2

- -ns‘-)z]} ® & @ ‘233'}'3)
t 4

For critical coupling the load raferred to primary at
resonant frequency should be equsl to the characteristic admitiance

of tho dominsnt mode.

Since L is given by

L = 1 vfﬁb}E

R 4n t—he above expression is given by .

. b :
+ % &

2, b
.. _n_i <3 2:: 2
Tty (V)

-

e o (23147

+ (243.15)

W {2.‘3'16}

(2,3,17)

&

The detailed caleulation of the aperture radins using
the above equations is given in Sectisn 3.4.
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244, CONCLUSION 12

This chapter was mainly devoted to the dorivation of the
mmmmmmmmutmn. Inﬁaesmz.lm
vaveguide dimension was chosen mainly based on twd m&mw
Firatly, the flatness in propegotion factor with respect to |

In Sestion 2.2, ve considered the problem of cavity
design and Th,; . ‘mvde was found suitable mainly for two reasons s
a) it has a high per volume, b) the extrancous assoclated
THy, ©0de i3 easy to suppress. In Shis section Ve showed that
1n order to hove minimm self interference the mode required vill
be TRy, The dimensions of the cavity vere chosem on the basis
of the erssselnterforence.

In Gection 2.3 we have chosen mgnetic coupling by means
of apertare since 1¢ 1is most suitadle for T, =~ mods. The
aperturs vas located at the cuntre of the curved wall so that
unwanted %muwﬂ. an expressisn far selecting

aperture radins bas beon developed in this section.

Tho infarmtions availsble ia this Chapter are used in the
next Chapter for design caleulations.



2%
DESIGH AND CALCULATION OF THE wWav3EGUIDS, CLVITY
$.1. DBSIGH OF THE WAVERGUIDS Wm mmm ’.3311 HODE.

| M@tmdmmummwmz&a,wm
far wtmmmxaszmwtmamm
for enteoff,

. A |
. "";2"'“ f‘"‘e“‘"a 12“’*1;20 R (3ﬂlél)
e 'rsu" 120 2% 4.5 | . ea (8s142)
Fzon axmemm (2.1,10) we fied
ﬂ %“‘ 3&413
"y dinmoter = 223 2 X 4,6/3.41 em = 2.639 tm

= 1,089 o s o (3.1.3)

uith a 'maa geparation fyon naxt higher order mode
= (24601 X 1.3)/3,41 = 0,92

op si? oo ¢ (301.4)

We £ind the mearast vnlue availlable in tho standard
american BIA type waveguides is
WG 09 | ~..
Diameter = 1,94 + 0,001
Roundness Tolerance = 00,0011
Fominal ontside dlamgter = 1.194
Woll Thickness = 0.05 t 0,002
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For this e wavoguide we fiud that
o a = 1,809 e
£ /8, = 1369

nm,'m»mmmmnwm.wemm
operation from mext higher onder TH; Hads

S.%
abont 4%

| .&.._....L_.... | fena 1
e i [ o] s

= 2600 % 126 = 0,96 .
‘ & o @ (_3q1@5)

From ervor analysis ue ﬁnﬂt&tﬂm variation in  will be
given by : : |

G [c-s%m\
- s " (3-1.?)

Stnce fo/p, = 1.263 amda® 1,008 sa = 0,000
AX . , .
-t = "A;a {14710) = Q.157% e s o (3.1.8)

Hence for the tolerance spocified the wavegnids m&s 1ike
a mn—dismsne medium, ‘ L
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3,2, DaSIGN OF THS CAVITY RBSOMATING IN T3, MODE

mz&mm,mm:;mmmamsm,
wmemwmmwmtwmwmavmaam
sperating rectangular area, By careful exanimation of Hode Chart
we f£ind that o sultable value for ‘%)2 2 2.00a
g
or (Bmy/a) = 2410
(aac/g} ® - 1,48 s u o (34241)

The eorresponiing valus for (%-.f}a is found by using
equation (2,2.9) and found

 (2ag)? = 183 x 26 00)P(em)® ¢
and 2o, £ = 4,268 x 10'CHz - cm .o (3.2:2)
( .Smmmmtmzsmm £= 0 Gz

&ez 5.@2&52‘095” e e {3243}

Par simplicity of machining we chose & value for the
Adiamers_qmlu
diameter of the cavity = 3a, = 21" = 5,826 €8 oue (3.2.4)

Hence the mmma value for .
(2a,2)% = 18,20 x 16® (uc)Pem)®

(%»)3 = 2,138 -

2a,/4 = 1.46L

ved = mJLaBL = 1.44" o oo n (34245
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The skia depth is given by e formila
.:83':; {Ef wp-o }1,3 ) PO ‘302?6)

_ Brass with 90F copper has a conductivity ogual to
2,41 x 107 uho/m bas o skin depth of |

sssz@mzm““n . s (3.2.7

However, for Brass with 708 ‘cgpper has a conductivity egual to !
1,45 x 100 mho/m ond the skin depth 13 |

uﬁ
: 1,.6‘2&: m e ’ o o » (3u268)

SRR - oy »‘: -

Farwwutxﬂmmmaa thicimess of wall
mmwmammummmo,msm Howevery |
from the mammefmwalwhwmm:ms i’_l
thicknesa will B¢ nighly inocdequatoy foy parposes vhers the systom \
might be subjected to mmal vibrotion.

£

Kme, ve chose & memss of 0,1° for this wall, vhdeh

Bowever, the thickness of the wall moar the aparture

ths ¥adius of aperture mzmmuatwmaﬁmmammm
that tmmutucmssmrmapormre is sm_’-

B e e et



4 suitable value for cavity wall thickness near this
ammwe@ummmmaaatmmmu,
that is egual to 0,05,

3.3, CALCULATION OF YHS URLOADED Q OF THS GAVITY :

 Referring back to the ssction 2,2.2 ejuation (2.2.4) we
find that the Mode Ehape Factor of a covily rosomating in gy,
myde is given by _
, [{3;8@)%' -7;- @3] 2
\ 83/ > n 7 -"5“ % a -
27 E&W’e“ 'y (—33-.) J
Sinee (2a/4)° = 2,138, the Mode Shape Fuctor of this
cavity will be, | - |

e n (Ba841)

How 2, for sn operating frequency of 8 GHs will be

given by

7‘6 = 0&@?.5 e v s n (3e3.3)

The skin depth S, will Be given by the relation

Sy = (2/cop0 )yz

.Q.C ‘30304}
mnmpmmmmmmwmwummm

on the wall, |

o 'SnvwimM)mmwacamg_ﬁgygze,mxm?
nho/n and a sikin depth of

' -6

5, = 0.721 % 10 e

Q 64/ A, ® 0,631 «oe (33.2)

i e X o A el min a e




However, as calculated in section 3.2y Brags (90% copper)
has @ skin depth of 1.228 x 10"'n and Brass (with a 70 eupper)
nas @ skin depth of 1.478 x 10 on, »

Hence, the unloaded J's of the cavity for different mterials
of the cavity wll are given by the equation,

. 23:7737 10
q = —u———-—n-g s W—‘ssx .o @ (3‘3‘5)
3

For silver csatod m, the valne for § is.
Q (silver coated brasa) = 32980,16.

Slﬂilﬁrlr,
Q(Btass - 908 ccpm} = m&a
Q(Bms ‘W comﬁr) = 36088,43

These values for Qnmmmmm Q of tha cavity, #hen

tho cavity is lcndcﬁ by a vaveguides the § will radnaa farther,
Horeover, these § mlmmtians assume that the inside surface
tmahoftheeavitxtsvmgm. But becanse of roughnsss of
the cavity wull, 148es ummm thers will be some loss

. reducing the @ by about M0F o 20%.

3.4, DBSIGE OF YHB APERTUBG GQUPLING THG WAVEGUIDE |
TO THE CAVITY :

Referring back to section 2,3.2-and figure 4 giving tho

. . eguivalent dlagram, ¥e [ind that the conditicn of critical

_mmwmzmmmmfnmaeamprmma
resonance be mntehed to the eharaocteristic mpadanca of the

vavegnide.
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Dlamster = 1,004" £ 0.00L
Roundness Talerunee = 0,00L1
Hominal outside Diasster = 1,196
dall Thickneas = 0.05 & 0.002°

b) CavITY
Diameter = 2.1
Length = LA&“
Nominal sutside Dlagster = 2,8
#ll Thickness = Oul
Wall Thicimess mear the aperture = 0408

e)’amm
m&mwtheammsﬂwr
mmmmw x4 a.m '

Bading of the apem mmsmaa aappet) = 0.&861
Radins est the ayewure for Beass(70% eam) = 0,%01

d) The cavity will resonate at Ty mde, whareas associated

mu mdem}.hemppmsaﬁhgwm of the ¢oupling used.

¢) THE UNLOADED ¢ a?mcanu |
Q (unloaded) far silver coated Brass Gavi.ts = 32080.1
Q (unlsaded)for Bzass (808 capper) = 19563.76
Q (unlouded) for Brass (704 coppor) = 16088.43




3]

£) THB LOADED g OF THE CAVITY

smﬁp have chogen critical eompling loaded @ will
be equal to half of tho unlzaded Q. '

Q (loaded) for Silver coated Brass cavity = 16490,1
q (1saded) for Brass (90§ copper) = 9681.9

'Q (Loaded) for Brass (?oﬁ copper) = B044.2



AB ALTERHATIVE SCHEMB DSING T8;,, MODE :

The cavily *zasmtmg in TRyq mode and coupled to wave~
gnide transmitting I5;; mods has been considered in details ia
provims two chapters. Hovevers haeanm of problom of speco it
aight be mesmzy that the wavegilde be coupled to the cavity by
geang of a emm circalar sparturs, vhere the aportm is at the
' centre of the transverse walls of both vavegulde as well as the

cavily.

In this mpwamWMryvm calenlations of
crivity digmensions and aparture dimensions will be made. Though
1t bas advankages 1ike the easm with which this can be fabricated,
she simplicity in design, and iomunity of coupling coeffictent to
variation of direction of polarisation, it will be shown to bo
inferior to the previous schems in sayy vays, sach as, lov Qp
snadequate degenerate mode suppression and thus streagthaning
our pmims shoichs |

2,1, THR PIGLD SQUATIONS AND DRSIGH OF THS CAVITY 3

mmtmsmmma.unmﬁlcaﬂtyu%
mode correspanding to the dominant TE,; mode in the circular
'g:mea The field equations are |

Hy =3y (ﬁl—) Cosg §-a3 smﬁns}

=t p | .
H A——————— : nf . L 9‘4!1’1
3 7 pil ) § '(--e;-—) Cosf {%m ﬂu"} i




%
]

2 } |
2 aThfl o R s1p fa23 s1m pp= ]

)]

§ (p;_z)zf 1s g
o }c L I 1 ‘%M)

.ﬁ. | !

(...)w f-25 s1n /%@}%

8= 0 "
vhare we Lind from the boundory condition that

ﬂn“ Tl‘{é. | o o o s (218}

The resunant Crequency of this mde 1s given by the equatisn
§ 1,
‘wﬂt[@—}—-&a* (..333] a e s (9013)
mm&wﬁfmmm ’Ez.u mugimbr |

3,
[z—’- () l [ﬁrug + (58 ] 2

21}
_S_g DUUIPEDOSORISR e RIS SRS PR L L «x® ‘4’}..4)
™o [(p % Z (Lot 2 2“) (”:,3]

13.

For sisplicity of fabrication ve assume that the cavity
has an Aanor diamcter egual to tint Of the vaveguide. For a
mwﬁa%,wmmmmmutmmwtua
dlametor eyual t2 28 = W 2 2,779 CRa

Using equation 4.1.3y ve calculate a valne of 4 eqnalts

d = S.,088em = 2,20



LiF

The factor of sguore of diumster to length ratio for
these dimensians 13 found to be 0,8206, By examining the Node
mwrmmzmmammmu:w»m
mm pde, Jor thn cavity dimenaions as designed, the T,
Memmmmmmnmmuvmw

'Tff
.3 B -

Putting the velne for the cavity dimension we obiain a
rosguance froguency of ‘
wﬁiehmawmﬁtam&ammy,amuumw
elose to sperating frequensy. Howovery the aperturs at the ceutre
of txonsverse will cun excita Thy,, =sde wiile Py, fs
sappressede |
: mmm&mvmgummuw:ﬁw
using 4.1.4 and found equal £9,

Q salzg = W'i

and the aiin depth for diiferent moteriols are used to give
quality factor of cavities of different mterials,
| Unlaodedl § for eavity of Silver (100%)
'coated Bemss = 13043
Unlooded o Ffor cavity of Brass
(908 capper) = 87
tnloaded § for cavity of Brass
(704 capper) = 6792.5.
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1% 13 cloorly scen ihat she @ of the cavity &s mch
Iover relative ta that of a covity ressmating in T, e

ﬁczo mstﬁnmewm ¢

mmmmumwmtm
thres basis s
a) m«mummmtnaammmm
in the cavity vhile suppressing the unwanted madels)s

b) Thoe coefficient of coupling is chosen for eritical coapling.

The first condition &s satisfied Dy choosing the aparture
ummﬁmwwammuw.ammr
zmnmm,m mm mn&mmmmmmn
the cantre Ls axcited whereas the mm with mognetic field at
themwmltomummd '

» mmeummnormmrmmuwumm
&mmmwmutmwasm,

& smoll eircular aperture in tho trunsverse wall behuves as
o shunt induetive suscoptance with & normlised volue given by
. e ¥ |
« 0,066 a 1 _ .

B = £ e e e (4a201)

4 0<n,

where e = wuoveguids rodins

% guide wvelangth

3
o§u== 4"31

1 = radins of the aperture,



!
qq’ li
ussmmm:valm transnlasioneline-cireuit the inpat
WMW%MMW&WMWaWMavMW |
perallol impedsace of 555 and §tanpd ond ts |
: |
<%, tanpa o ﬂ
Eiﬂ = f& » » s $4s23) 5',
| 3% v § tanpgd | !
Sow applyiog a Taylor series axpensisn to |'
(veoy) Bp(<) we obtatn !
(o -w,_)x (<) o
zmiw)“w_,w - ' *%"“""‘"’zm(w .
: 1
e (423
+ By expunding the danmtm ust {4.2.2) 1a taylor series
m/éabum Fxgmmmmaﬁmmehm

xu.«. L and Bd=T o+ Ve obtain

2

:fﬁﬂd'_ w S e e (24

O AMwewy | | ’
Cwmore ) 0 BP | far cptumtricat vavemmsse 35
. . ' 4 wmw. C ' ' h i
S - S

11/31‘*

Fora nigh § mmmmmmmmmmsw

roplicing the resonant frequeney ~y by & complex resonant
fremoncy wy( L+ §/20). For the losay case we have




[

2. 1t
Zh* ‘3 - ' A~ . o o & {4.245)
/(-3 &(w-w-l“’;m ‘
wm.wmmammmmw amglm
w .
- - ﬁgq )
Rmﬁﬁw = ...En.....-- N (4.245)
Px 4 -
Rmm&&uﬂﬁhhmﬁhﬂtﬁmma
roscmancey we mast ehgose aporture reactance iummt
amax; thot 1s .
- vy By & 2 | | |
%, (—-&—1———;’2 . c oo (827
wwmmmuauwwwmmm
apertars sudius for critical esaplinge | '
CALGEIATION 3
mmsammwm_
/5:-:. 2 n 2 i :
v 9 ) = 1.02381 md/sec e o s £4.248)
and w o »i)
,@1 = 13'/51“ w 6,463 x 10 sog/en
Zhe guide wevelangth io
7\3= Gad35 cnmy
Baing mpmss:m M.a.‘l) and (4.2+1) we obtain

e o o (8e249)




é‘wmtzmmmgmmmwmmmmm
| ecavitias of difforent materials am

dading of a;;&htn for silver caated
Bross cavity = 0,333 em = 0.331°

Boding of apertura Lor Brass
[}
{905 coppor) cavily = 0,369 ca = Oud4l |

(705 copper) cavity = 0,37 om > o.ua'.

4.3, COBCLUSION :

The dimensions chosen for the cavity aad aperturs awe
as follows ¢
1. Cavity s
Wum@am = :..cm
Wmmmm = 3..134
#all Thicknoss = &05»
Mwmmax.ai

2, aparture 3
Radins of the am for |
(1) Siiver coutes bmgs cavity = 0,231
. €14) Brass (905 capper) = Ou14L
(111) Brass (208 copper) = 0.348 .

3. The oode that will resomate is IE, . mode, ‘intle 1t can
mwmmwmmmwomm,mm

suppressed by proper e_w.ee_-az eapling.

-ﬁli
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4, The londad  for
(1) Silver coated Brass cavity = 13948
(i1) Bmss(m@pw}um « 8767
(111) BSreas (705 copper) cavity = 67925

Mcmmrmgmma:mmmomnwmmuy
resonating ia mnx m,mtmmamma:tmwu
the other in two reapects

al xtumeammm

b) wmmmwn,mutmmtm
assmmmmemwmsmmgwmuzq.
coupling resains critical, vhereas 1o the previcus schee Lf the
axls of thod cavity is not parallel to direction of palarisation,
the conpling is mot psrfocts,

Howover, this schems has two major disadvantages, such asy

a) The quulity factor of tils cavity ia net high.
b) Suppressisn of mmm 1s 4irficults
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PISCUSSION AND COBCLUSION ¢
Sele wwmmms‘mz

mwmmatemwnammmmawm
fmmWMﬁ%MMMB%NMM
fully, bocausos othervise it vill be &ifficnlt to aechieve the
bigh Qs ohtsined from the dasigns

mmmmmmmammwmmm
dmwwtﬁywmmmmm,mwzn
couplicated natuze. mmwmm*mmmnwm
mwmmmmm @ M»mm

' on the cayity wll roughoess, 3¢ 48 Sousd fras axperiusuts that
mmwmmmmmmwmwm
mwmummm,mmmammm
q 1% vexy smil. mmmammtmuwm
mmmm,mmmmmummmm
below this valua, _

mwmuvmmmmm
the potentinl ¢ ‘of tho cavity. The theoretical computatioms are
MmaWWMtWthmmuw
mm,ummm&ammm Distortion oceurs in
mmfmo.m,a)tmmmmmawhmmmnym
MMB)Wmemmmmwtmmatm
M:wc)mkmamlbmmsnﬂumﬂwmku
mwmtwmmmmammmum
the cavity. ﬁmmwwmmmmuw




ué

' destgnor, on offort should bo mde to sinimize thesa offects by
Wmtamww.

mmsmmm,mwat&m:;m
ﬁtmmmsnnmamtmnmhw

smmmmufm msde, sioge 4% s O, = 0 and bonco
Memmmma,mmmmmn:mnvmm
s freo Lo DOVa. mtmxmumoma:o.mm«t
mmﬁmmnmmmamm

mwwmmmmmummwmwmm

f mp:nmwaam aoating, slequate contyal of the eanmetivity
.oxmmmmaummwumm ta achleve &

tmmmammmwmzm pummnmmma:

PEOCOGEOS. mm&m;msmwumw
(sm)mltummxﬁ,wmanuawmm
mgm;mmammmmmawah '

km&mmemm mm modo and esuplad
uammwmm ':sn mmummpnblm
to bo taken into account. Tue gaide is gensrally exeited at a

Mmmmmmummmm :;

" uave propagstes along the guide, a8 a result af ellipticity.
w,amwmmmmmmuxm
mmaﬁawumummm:Mmmmm
side for moxinen ¢oupling. mmmmmwmmh

awmmtﬁm’ﬁnsmm thise




Horeovar, the cmswuwumummwm
and wovognido trensyerse wall vith o very lov toleronte, siace
vuhmm.mcmmgmmmmmm
unch. The sarfase mear the aperture i3 t3 be mchined so that
the thicinpss of the wall is not llgh since this can give high
attemation and modily coupling caefficiont. In addition, osre
shoald be taken to 599 that surface neer the apsrture does not
have any discontinnity. '

'm ma@xﬁémﬁmﬁ@mmhmmmmrm o
amm»mmanmtmnmmummm
w8113, mmuwmr%m

5,24 mmmmmmmmoxmmmz qt

In cose of cavity ot xﬁmmmgmummmu
%m,wmemam,mxmtmam
apmwemmmmacmqmmxworm
eavitranthﬁtnmwmww mz.n
mode, lowewars Af the oede suppreasiss is aot complote by this
Aam.,mwmm&mmumm% made
in tho cavily,

| mmmacmwmsmhm&aygatm
poriphary. mﬂapwmtwmmrmmmutmw
* modes by dliferent amsunts 55 that they becase separated, Seeondly,
mpmmmsmmmmmmﬂmmnmsa
high density for TH mwde and miniuna density for TB,,, made and
honze £oxmis & mode SUPPPEsSEN. '
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mmr,tmumuzhawwummss&wmu
aWsmmhMuthmmmsmtamzz
zummesmmtw The sddition of & lossy materisnl
m&mmnamwmmmhwanuyua
successfal sapprossion mothad,

From the £1014 eoafiguration of 6. wode we see that the
mmmmmmwmummmwm
sagaotis £i0ld lines as porpsnileniar, An & rosult of this
amm:mmnmumnummnw
mmwmmmmmu&mmuwummwm
the lgss snd fmprove the Q. -

$o3. EFFRCE OF TRHPSRATURS O FREQUENCY OF RESONANCE

The cavity Sroguency of ressnance depends upon the

&) For o cavity constructed cut of simgle wetal the $ change
in ressoant vovelongth is equel to percentege chadge in linear |
atzension and hance coaffietent of material of vhich the cevity

B) ntmmuwmmmm.mwnamm

smmwmm.arm@mimﬁmau
19 = 16°® par °C ond the rate of changs of humidity in air is lov,
mwmummm,mw
con be assumad csnstont.
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Seds COTBLUSION &

mmws&:@&;m»mwawtm
in uhich o cavity 19 wasmwmmmnmaw
mmwmﬂommmm‘mw g vhersas coupling arrango-

| mummmmmwmwmw
asttomation factor within the amﬂ.&s froquency rangs and for
‘awummmm

mmymmmam Ty mode.- The Q of
thawttwmmwmmaprtm”mﬁwa
_mm@mi&wg

mmwmu-alammmma
thin wall m&'&'m mmtmm,'m, B) the cavity ¢ 1s
the § assuimd for perfact cylinder, the dimasion of the aporture
ung ealeulatad, for criticel coupling. o

mmammmmm&mmm
mmmsww,mmmattmmmmtw
- was assumsd 1o be emil, ‘
' an altermative chons was s progonted vAth & cavity ressuating
m%mmtmpmaamamwmm
ammmmmmwmmmwmw

 The made churts, £ield distridution, fabricaticn draviags,
computer results were givem. | |




wmwafumw
. 2,008 X 10° w/sec,

stiver (7% copper) 5.0
Alaminien (1008) S 3.4
Brass (903 copper) | 2443

o i ‘  m ne8a
: (=1} (Mfgl :
3 ' :
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PABLE Ald (coutd.)

Toa Cbm) = Ty (ir) = 20 Cur)

5, ) = wdy ()
3y (ue) = 3,080) = ke 3y (ke

TABEE 4.bD .
OF BR3ISCL FUNCTIONS ¢

0O 2,405 5,520  B8.654 3,833 70l  10.1%
1 3.8328 7,016 10,17 1841 5,33 8,636
2 5,36 B8.417 11,620 3,084 6,706 9,970

P_SYHBEOLS USED

B = Hagastic Mol

I = Rlectric Fleld

© = angalar Proquenty

= Propagation. constant

= Abtenuation . factor

Phage Shift Pactor .
Permeability of fres space
Pormittivity of free spee
Spsed of light

radias of the wavegnide
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