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X-BALD BEACON ACFERuNCE CAVITIES

Abgtoact

The purpese of thilas rejocrt is to siouearize the jrezsent status of X-biund beacon
reference cavities, The genaral c ructlon 1s deseribed, but other than
eritical electrical dimenulcna, no .lad mechanlcal deseription is made,
Electrical performunce cheractorlstics, and aspecially frequsncy setabllity
are discuaged. A number of miscellrnacus caleculatlons concerned with ponsible
frequency errors are mada,

L. D. Saulilin




X-BARD BEACON AET'ERENCE CAVLTIZS

1. Introduction

The purposs of tnis report iz %o suziarlze the present stalus of X-band
beacon reference cavities, fThe gernsral constractlon le described, but other
than ceitical electrical dimensions, no detailed mechanical deecrirtlon le
made. Electriczl performance chavacleridtics, and especially fresqusncy
stabAlity are dlecussed. A number of mipcellunsous caleulntlons concerned
with poeeible frequency errors are usece.

2. Charncterletice

There are at preaent two rathar distinet types of cavitles, the 1022, 23,
24, 25 serles made by Westinghouse, and the 1026 made by C, E., These differ
wldely in appeerance snd in fundamental design, The 1322 [thie number will be
ueed to designute the whole series) und 1026 are shom pletorlally in Fig, 1
and echematlically in Figs, 2 enc 3,

Both cavitise are hermeticzlly csaled by meens of slavs windowe placed
over the coupling aparturos and ere dzaigned to have relativaly small vari-
atlone in resonant freguency due o tozoerature changes, vibration and machau-
ical shock, and variations in extoensl stmospherle preszsuroe,

The nominal regeonant frecusmcizg o7 tho vorious cuvities are 23 Tollowa:

1922 53 Me/gaa
123 1280 Me/uec
1G24 4210 Kefune
105 9375 Ke/sae
Q26 9230 lto/cae

The 9250 and 9290 Mc/see cnvliios are inteuded for vse sith receivers of
60 and 30 Me/uvee i-f reepectilvely ns stenducds apainat #ilch to tune the local
oecillator to receive the Y-tend bLeucon locaitad at 9310 Me/see. The ©310
Mc/sec cavity 1s intendad to monltor the bercon trensuitter, and tho 9375
Mc/sec cavity 13 used ko iune the loccl oseillatcr of the beacon recelver. In
this last application, the loecul oscl’lator 1s frequency modulated to hunt over
tho aireraft redar band. At prasent only 9250 and 9240 Mefeoc cavitiee are
ueed in AFC clrcults, waile tho 9210 end 9775 #e/enc cevities nre used as moai-
tore for manual control. The upplicniiong of beacon refercuce cavitlee %o AFC
circults have been discussod by Pound in R.L. Hepoct 694, by Farre in R.L.
Reports B36 and 935, end by Lurand in A.L. Ragort 337.

Examinetion of Fig, 2 indieates that the 1022 is & copper cavity with a
copper diaphragm ettached to an Inver steut btoert 14 fixed at its upper end to
the ccpper cylinder. Ag the tom L of the cavity 15 increaved, it expands,
tenilng to roduce the resonant fru . Howover, the Invar rod remeins rol-
atively unchenged in lenglh and 4 up by w copper eylinder, thus pull-
ing up the diephragn auws ducing pocit Thia effect tende to

incronse the p ant g ey ity ¢ 'y 3 wngod ebout 9

Me/uee by o displac of L S 3 iy, the

two




FIG. I. X-BAND BEACON REFERENCE CAVITIES

TOP: 1Q22
BOTTOM: 1Q26
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effastes can be made to sompensats cach other, and in pruct%cn e high order of
eompensation 1a achieved over a temperature range from =50 C to 100° C. The
cavity is shock mounted within an eluminum block, which clamps hetween stan-
dard 1% x 1/2¥ waveguide with UG-40/0 chokee.

Fig. 3 ehows the conptruction of the 126, It iy &an all Invar c¢avity,
tuned by e varlable capacitance on a rlexible Fernico dlaphragn, adjuated by
o diffarentinl tuning ecrow., All the temperatura compensution le schleved ty
vicrtue of the low coefficiont of expanaion of Invar, A mors racent developrent
utilizea & gection of nlckel-utocel in the outer tuning cylinder to obtaln a 4if--
farential expansion and thus get s higher degres of temperature compensetion.
The 1G26, like the 1G22, acunts betwesn UG-40/U chokea on 1% x 1/2% waveguide.

The ecaling windows of the 1¢22 are almilar to thoes 1ln the 1B2{ TR tube.
They are Kovar rioge with 707 glise s@aled ineide; the whole aecaembly ie eoft
esolderad into the copper cavity, The 1Q26 usee Corning Vicor glass windowe
with a4 metallized ring near the outer edge. These gleee windowa are soft acl-
dered diractly % the Invar,

The cavitisy are svacueted te a preesure of a fow an Hg and are thus un-
affected by changae in the dlelactric conetsot of the Ailmosphere due to changes
in preasure or humidity. The jressurs le chopen 3o that if the cavity le ex-
posed to the magnetron pulia, o glow dlscharge will be estubliehed within it,
thus indicating whether the csnvity hos lesked alr or not.

The limites of freguency ac:ors fer the 1Q22 and 1(26 alleowed by the preaent
Army-Navy epecifications are given balow.
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Curves of tuning va teaperaturs for the 1Q22, 1G26 and the compensated
1326 are given in Pig, L. It =11l bta noted that the 1Q22 curve le not linear
nor haa it the eame shape for differcnt cavitisa, The 1Q22 tends to be over-
compensated at the ends of the tempacature range.

The phencmenor of tuning-tcapsr-ature hysterasls occurs Ia the 1Q22 aserilee
of cavitlee, If e cavity is takom from room tempernture to rny ovther temperature
and then returned W rocm temperatuve; it finsl resonant Treguency will, in
general, be different thar ite initizl [requency. The cause of this phenowseaon
is not fully understood. Howovar, it i3 ballevad tc bu saspciuted with the
elaatic properties of the diaprray since the eff- % wes reduced by changing
from a .O0o" Lo a .010" thick dia nregs. Thess is ulwp scae evidenca that ua-
equal heating of ths cavicy during whe brazing opsrsatlons Leaves residual
etralos in the cavity, an’ tas cocilributes to the iy tercsis, It has besn

3i0e?




TUNING-TEMPERATURE CHARACTERISTICS of 1Q22
and 1026 CAVITIES
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obsorved gmt if cgvlty 1e carricd through a number of temperuture cycles be-
twean 100" € and -40° C, the hysteresis 1z large on the firet few cycles, and
gredually reducee in emplitude watil it reachee some etable velue., It hae eluo
been obesrved that 1f the cevity 1e beld et the sxtreme tempereaturee {or only &
short time {of the ocder of 6C minuics), the sisble value renchot ofter a nwaber
of cyclea will be upest AL tho holding tine i3 latar incesaeed to 8 houra at the
extrens temperaturas. After a nusber ¢f cyelss with the longer haléing time, e
new suullibrium will be set vp, At present all 10?2 cevitles are given w nuaber
of long tewperaturs cyclea that nruiuwsebly reduce tha hysterceis to e etable
value of less than + 0,30 Mzfewc, Flyz, 5 13 a plot of the rescnent frejusney
at roow temperuture efter alternata het and ecld tempsratura cycles.

The Q of the 1922 i conzidspably ki Ler than that of the iQR6 {2000 to
1300). The reaaon for this 1s that after the Westinghcuwwe cavity wae finidshed,
it wee dlecovered that the 7231/5 lccal oscillatar could not work iuto a loed
with 8 Q highar then ebout 1400 without experienzing e frequaacy jucmn of ae
wach ee 2 Mc/sec just et the rasonant frejuency of thr cavity. 3H&thor than
change tho § of *the cavity, it wma dscided Lo louwd it down by increasing the
conductance of the output lead. In the cave of the G. I. cavity 1t wae docided
to reducs the Q by imecrcesing the disz¥jaltlvo losg withie ths cevity. This wue
done by coating the inside of the cavity wiih whnt ic evzontiully e donel coat-
ing. Thia le applled by pleting thn cevily [drst wllik egpper, then with nickel,
aftar which it 1a fired in = hydvogan furcace. This precodurs reeulte 1 s
slmpler externel circult, sinco & mateod lead can be usad, Howover, the flzure

f moril, of the externally lcoded 107X is geeatar then thet of ths internally
loaded 1G26, The figuve of marit : t13 tho tendincy of the cscililator to juap
frequency to the eavity pareasters tnd ‘a glven oy

-

—— _-....__a' (l)

(/e + 1/0,)"

whare Qo, Gy, and Q2 are the unlcndsd, du.ul; ard output Q's rospoecilvely, and
C 18 a quantity relfitad to tae pulling Tiguss of Lie coelllater {R.L. Report
694) .

3, Tolerences

The frequency limits iadicatsd ia acilen 2 ere ideal in the denas that
they easume all the errora rrlya In L avity 1tse)f and ncne In the axternel
circulte. The conductencs plunc of ‘he 1092 cavity is .502" back of the face
of the sluminua block. (Tha conductines plans iz the® at which the ainimun of:
tha ViR le found et reaonance). In ths APS-20 type of AFC eireuit, the zavity
is loaded at its outpub by & conducien = 4T . Hosewor, this Ligh contuc-
tance is obtained by satiing up a V3AA of S+l of propor phadn, What errore in
fraquency zre intreduced if thy ;lase of the stending veve or the losaticn of
the conductance plene ate nct 1 oy roming positioan?




2.6 iwodey

4109 21120|3 3snoybulisam
Ag peysung ojng

.Eg
i:

5

= 0 | " 2D001* 3 |
-m--lm

sl HI
“Selrr-u W |

|
3

‘=-l:||'1'

w 4
%

g ounly

‘HdVED 3HL NO
QIUvNOM SY GELV3HL NI3E OVH ALIAVD ML
HAL4Y aWEl MO0 LV NENYL VM LMIOd HOW3
149 oL 14N
NOM4 H3IOHO NI NINVL 343M SININISYIN

SISTYILSAH ONINNL -IUNIVHIANIL 2201

=




o

| IR

‘PqYl

L-;-Joaz—J
(5 o

GENERATOR CaVITY LOAD

9z(ntdur 3)

Fig. 6

In Fig. 6 the loadlng due to the stesling weve Lo ¥ = g+ ib. If the
phase 13 correct, I = 4 + JO. lowcver, as tho phree chongsg, b will beacome
differsnt froa zero.

i BT Y 748
b= b tane.. LR (1)

1+ 16 tan%e 1+ {87/ )2

Where © ia the phase shift of L ny wa i and Al le the phes
ghilt in centlaeters.

Neer reacnance, Ab = 2¢Q %f.

b
o

Af = 2L'Q' '..n)
Toore £ 4g the nomlnal reuc : 1 1 lozding on the cavity
Q is thit correspondicg to g, t nga of resornant fre-
quercy of tha cevity. Baux & o, the cavity has a

QL2 = 2000, g = 3.5, end i‘o

e (3)

Fig. 7 is e plot ¢f frecu: - wo shift (A€) using Eqn.,
(1) end {3).

In the case of
calculnte the maxi
maxizum susceptence |
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2
z* L.-—-l" L.
AL = 413 o ls/sec {6)

Thess two funciions ece plobted fa Fils. 8. It should be noted that thase are
the maximua sccore due to & VIUR 1a cifher tha lowed o gmaerater.

3ince the insertion loea toleruncya ure woderateiy acvere, lot ua cal-
culate the effect of miszatched lowdd or gonerators on ihe transoieslon (T)

.
(g, + g, + 2,)

whore ¢ ia the load cernductence, g the genses bee conductance, and g the
cavity conductence, all refer~ud to®s cownun referanas piing. Fig. 9 is a
plot of the elfact of voceying g, aud o, o8 T lo¢ the 1923 wnd 192C, uemuming
that g, = 1.5 for the 1Q22, and 'z, = 2 for the iQRe.

Sinece the louzded Q 1s speeificd b Laisteres of nbout 3 123172 per cent,
tho inetrumental errcrs sinuld te hald he veders <f 5 por cent ovarell,
and the contributlon to thly orrer 1 ptorn behed lead el gensrator
should ba less than 2 ser cent, Toscef: de toinl miszateh cf generater
and lond should not excead 1.07. 1 ords, .93 T & + g, £ 1,07, Tave,
the rostrictiosn impozed iy tha eud fo ata ¢ velle are aueh move
severe than thoge impoaed oy tha necad Lot zeeuret rananisulon value

4e  Measurerente

The casonent frequsncy a: LT se cxvitlus &re zesaared with
a "Q-Metae®, froguency olandnpd, o se.niler ossillator. ‘TMsoa equip-
wente ara described in the following it soortss  roqueacy Hitdej 9250
¥c/sec, Aeport K-207; 9230 de’ 3.0 183 9310 Ho/sec Report w-20%;
Interpolation Qecilletors; tupu a3 23480 Q natar 55.5-6G-i2-45, Erlafly,
the wensurement i3 as {'ollows y bls siesbros~couplod ozelllator at
about 5 #c/eoc le calibroted np-irns ebsotate frsjaansy atandard {¥1V).
It cutput i3 multiplind up to 1257 lcuec In cenverticral vacuun tubs ele-
cults. The 1857 Me/sec outeut 'y coed to drive a AR23 cryutal mounted in
1% x 1/2 gride, The ron-lineac clerauisis el the ervstal Ef,‘a:_.a.i,a Ina
rich harmonie contant, and iha prwer Q2IG Ec/ses 1o ebout 10 7 wetta. A
high G cavity i0 used to rejoct ail harmotlcy, il tre oaz roqulred. The
output can be varied a few Ne/twe Ly tuni bo aleciroa coupled osctilator,
and the ebaoclute {reijuenay can bi sasily held to # 5 o 10 ke

A frejuaney modul bud 723472 15 usad to fued avity under test. If
aufficlient padding is il and the Y t ad Irv its mede, *ne ocutpat

of the cavity, faeding a muic o 1 neeeratsly plot the rouponie
curve of tha reviiy; thiu is hiady cap w it nvestional
manner, Gimelteneosasly, < : : 173 wl s rhuolute
frequen adard =nd de t b nterzcdiate

feraquency (£, ). cr

e - ’




output of the ampiifier ia used e intenskty wodulata the cathode ray tube

(usually as a palr of brlght spota).

of the cavity.
waining symmetrical about the contler,

Thise spoty mny be centered on tha
cavity rasponae characteristilc by varying f .
symmetrically locate the apuls on tho tas
if £, ie wvarled, tha u;

fhe vsius of f raquired tc
2 wyunl tu the rafonant fraguancy

ety #ill mevo up and down tho teate, co-

in osarticulur, 11 they nre located at

the point of half-oower response, the € of the cavity will be glven by f/zl‘i.

In order to check this alecteonic

fully measured by plotting V543 na & functden of {roquency.
ratlo corcesgponding to the hali-powere naints 43 zivan by

i bt
1+3

wnare B lo the standing wavo ratle ot
ratio). Frenquancy diffwrencsas woce =
beon modified by adding a vernloer tuua
atanding wave ratios wera seanpured widl
A stabilized 723478 wilng nn r-f
was ugsd rs a gignsl source {R.L. Rep
the § velio obtained from a nw cf
per cent. The suma cavily was
The agreazant cf the tws measu
porse of two crvitiea nay ba coi
thut slternztely plota ihso rosuer
this instrument the Q, tuning,
comparad to & standerd callbea

-
P
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wred

The mensur-euent of tha
be made in eeveral we. e 1f
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input atanding wuve can ba
since differant cavit
if tho imast frequency <
be In accor by the amo
fanction of [raguency (Fig.

ave will h almost th

of phage with frequency 13

raghnans

Tuntirsaonta

Ld insection losa of

eculpmant, the § of a 1Q23 was care-
The stunding wave

NZ
N

(nlse the minizum srauding =ava
azred with a TFX-16 wavenoter thet had

c wiih o least ccundt of .05 Me/ase, end

an X-twrd spacirus analyzer THI-4SE,
acrininator and d-c fead back amplifiar
b2, B15), With =11 theae procautia:
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Therefore, ohe c¢an measurs ths phase ut £+ 100 Nc/sec and the averege of thess
two mensurements will be very nearly egual to the pheee at resonance %to about

% .001"), Sinece a tolsrance of + ,0LC" 15 aliowsd in ths locatlon of the con-
ductance plune, and present muaufactiring techniquas requicrs this wide 2 toler-
ance, ths meagurement itself wust be sccurnte to acout + 001,

5. Summary

There are now available two iypes of X-bend bsacon referenca cavitles, the
1022 geriese made by Westinghowie cad the 1QR26 meds by G. E. The 1Q22 sories
have gresater frequency ve temperature stebility then doas the 1G26. DBoth have
excellont stability agzulna® shock, wibration, acd handling. The problem of
sealing the diffepsntisl screw againut furtice cotatica in ths 1Q26 ie a dif-
ficult one, and a number of dlfieroat csizsots and sealing compounds have baen
trisd with vaeying degrees cf suzeess,  The higher unlceded Q and loaded Q of
the 1G22 gives it a batter fijuve of uaplt than the (<6, lloweves, the accur-
acy required ia the phese of the M:1 alonding wave Introduced by the crystal
loud snd the tolerance in the loecstion of ihe cendustanes plane of the cavity
make ths actusl feraquency evrora grentes than thods cupected for oparation
batween matched load and gecerator.

A fow thermally cozponsated 1026':s huva been bulliy, und thane are appar—
ently as well compensated ae the 13572, -

Ths 1Q26 is considapabdbly sunlap in volume then the 1072, Foe airceraft

use, the weight is alsec importuant, The 1G22 weighs 12.1 oz, =23 comparad to
6.6 oz. for the 1Q26&,

L. 0. Smudlin

lovarcbor 28, 1945
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