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1. SOUMMARY
This report describes soxe of the experinental work carried ocut at
TRE in comnection with the Unit - TR3539, operating on 9.2 to 9.6 cm, and

designed for uso in Oboc ¥ark IIB, The now components-used -in the dox are
also described, viz. The Pulse ﬂautron CV.150, The Sd‘tﬂu'ﬂll:ltnh W-ﬁ?:
mdamdﬂzodmtﬂmm. _

Abouti&ﬁ)ﬂﬂpmua@himdﬂthkﬁm Mﬂaﬁnm
repetition rate of 133 per second, or the c ﬂmtmnm -‘An effort
mmmmi ::sestimtoﬂuarroctd ndntuhwﬂum
t s apparent that asrial - is’ i
oy oy mymml -dosdgn is oipessory i the -
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2. INTRODUCTICN

No new principles arc uscd in the desizn of this circuit, but oving to
the difficulty of coupling out of a power klystron by mcans of a loop,
especlally at high altitudes, it was decidcd to usc a wave-pguide fecd out of
the Kdystron, It then becanc convenicent to substitute for the convential
concentric linc a save-guide T.R., switching unit, using soft pas switches of
the type which have been developed for higher povers on magnctron cquipnments,
and to transform to cable only on leavin: the hox.

The work ves carricd out under pressure for service reasons, and the
experiments arc incorplete in some respects. It should be emphasiscd that
the box sas not dcsizned as a Universal Unit, although where possible it
hes been made interchangeable with the projected Universal Xlystron Jox.

The klystron with its rcsonator circuit was developed by Messrs. BRiL D,
The layout and engincering of the box were the responsibility of the
cramophone Co,

The sawe R.F, circuit has hcen adopted by the General Ejcctric Corpeny
for thecir jround station, exccpt that they have used their oomn mixer. It
is described in G.E.C. Report No,8253, which also zives a Proccdurc for
actting up the circuit. -

5.  GENERAL DESCRIPTION OF THE CIRCUIT

A simplified circuit diagram is givén in Fig.1, vhile Fiz.2 shows the
special arrangercnt of the most irportant corponents.

The Idystron fceds directly into the end of the wave-zuide with no
natching device other than the special rescnator sidndow.

. The gas switches V2 and V3, one quarter wave apartj;arc the fardliar
"LR." and "anti-T.R." swvitches, Switch V2 (anti-T.R ) is closely
coupled to the guide by 2 window in the guide wall 13" long by 3" vide
and exists to prcvent the reccived signal dissipatins itsclf in the )
klystron resonator. The valve V3 is rore loosely coupled by a window
1" x §" and protects the crystal from injury durinz transmission.

The mixer is adapted from the fixed 9.1 om mixer, but one tuning
adjustment has been restorod to deal with the very wide irpoedance
variations which have been found in yellow spot crystals (CV.101).

The local oscillator, CV.150, is tumabdlc by rcmote control by means
of an Agmiralty —otor pattern 9298 Mk.X. All other tuning controls rust

be sct up on the zround,

The pulse transforacr has a step wp ratio of 1.5:1, and is adapted
to 4 fuscce pulses.  The box rust Sc driven by a 7.8 (. sulze.

/']'}hc head amplifier hes one stage on 143 Eo/s and a band-width of
10 Uc/s. .

4e THE PULSE RLYSTRON CV.150

(a) The CV.150, ~hich is described in B.M.I. Report No.RE/137 is of tho
doublec ~ap sinzlc Lean transit type. - . .

Fige 3(a) and (b) show a cross-section through thc catcher, and the
plate by which the klystron is bolted to the suide. This type of. window
gives almost maximun power into a 23" x 1" rectanzular wave-guide svithout
pulling thc . resonator frequency seriouslys Tho small amount of is
teken up by channclling the buncheriresonator as showm in Fige3(c). . .

Ea;:h resonator ia tumdhy f:.vn sprm-].nadod plmgcru,*m tuninz is -
flat, and it is not difficult to put thc wvalvo into oscillation.- . ~ .= .
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The results described in sub-paragraphs (d) and (e¢) werc obtained
with & typc 64 modulator on 1 yuscc. pulses -and with a special pulse
transformer because the Oboc modulator was not available. They cannot
thercforc be rczarded as final.

(b) Rating

Peak Power Imput 150 X¥.
Pcak Power Output 18 K=,

Heater Voltage 13

Heater Current (mex) 2.2 acps.
Cathode Voltare -12.5 KV pulscd.
RCsonator Cyrrent 6 arps.
Collcctor Currcnt 6 arps.

Wave-lensth coverage # 23 m. centred on 9.4 cms,
Maodmun mean input power 80 watts

(c) Frequency stability

The frequency changes about 6 mc/scce for a voltage chenge of 1 KV.,
at 12.5 KV. On warminz up the frequency changes by about 3 mc/scc, durin-~
the first 15 mimutes, and thereafter remains steady. The-frequency is
also seriously affected by the load prescented by the aerial. This point
is -referred to under parazraph 3(b) below,

(d) Matchinz

For maximum pover output the klystron requires 2 standing wave of
about 1,5:1 in volts with a voltage minimn at the resonator opening,
Into a matched suide it delivers about 90 of its mexdimum nowver,

(e) Power Output

On the type 6k modulator with zbout 12 KV on the cathode and a
pulse recurrence frequency of 490 the followinz powers were =measured in
a correctly matched water calorireter, Owing to the low termerature

diffcrence obscrvcdthcmanpam:rmyhcmmnrby 10;:s This valve
was ratcd by the makers at 17 X7, and considcrinz the difference in

conditions these results agrece m‘.ll enouch at the lower wave-lcngths:~

)|=.9.._16cm Peak Power = 15.2 Xi¥
A= 9-50 cn - 2 = 15.2 XW
A= 9,55 cm " "= 12,3 KA

(£) cold Eﬁﬂm

Snmn ma.mn-emnts have becen made on this with the expenmntal
errangemcnt shown in'Fig.4e A signal of weriable frequency is fed into the
klystron, and the standing wave and minirmm position in the guide are noted.
Fron these fijures the normalised impedance (in terms of the guide impedance)
prescnted by the klystrnn are calculnted the: paint of reference being the
Btn'f‘acanftheplate. Sazm o | _

| Atyplcailsctnf‘resulta:.ssmvimmhg.h‘ . T]mpea.kat 52}0Hc/313
duetoﬂ:ecatchﬂr andtha.tat}ﬂzl:/atothehnmher

Thetwnpadks_awmtqalteandepmﬂcntofmhnthermpns;tmnnr
hcl,_c,ht'. 'Thcmctrclauw;:pmtmnsnfthccmtrcafthqcatcherpeakarﬂ
.thﬁtmnmimﬂfrcquamymliahlntOMTandltmthismchmheathe

sucom 8BSrgap NeceEsarys .



5. THE IOXER
(a) Recessity for dnd:zflcatmn

It wes found, on removing the loop froc the prescnt fixed mixer use
on 9.1 cm equipment (see TRE Drg. DB1QO/797L), that very larsc variations
irmpedance vere reasurcd when differcnt crystals were inserted in the mi
This cffect was traced chiefly to thc large variation in the reactive
of the crystal impcdance., . Rough .calculetions.show that, after allowing
for thc inductance of the loop, the.coupling intc the rhumbatron will be
greatest when 2 crystal of low or megative reactance is used, and will £
off by a factor of about five when'a high rcactance crystal is used, Ve
should therefeore cxjsect that,on an average,low rcactance crystals would
3ive a jood gpparent sensitivity dbut be liable to burn-out, whilc high
reactance crystals would appear to be scveral db. below the best possible
fiam- )

-
ry

It was thcrefore decldeﬂ to redesisn thr.- mixer so as to match out
reactive part of the crystel irpedance, and meke usc of the fact that the 3
resistive part is usually within ¥ 207. of the mean. There arc several
ncthods of dcinj this: the onc adopted involved 2 minirum of expcrimentets
and uscd 2 151‘(;1: mi—ber of machined parts froo the ¢ld mixer, but it has
the disadvantazc Ar adding a tuning control in the mixer itself,

(b) R.F. Icpedances of Yellow Spot Crystals, CV.101

The crystal iicedances verc measured in the head of the mixer, which
was not modified in any vay. The crystal arn was removed from the nixer
and attached dircctly to a 75 ohm irpedance meter. In all cases the outn
froc the signal Zenerator was adjusted until the crystal current was 0.3 m
This proccdure Involves the assucption that the immedance measured when thd
siznal is suffi ciently strons to cause a crystal current of 0.3 A is the
sare as when the slgnlissmllanithecmtal"mentuﬂrmfm"the
lc::-cal oscillator, :

The impedance is calculatcdatapomt level with the spot on the
" erystal, when as sha'-m in I*i_,. 5(1:) the resistive part is found to be
ncarly constant.

(c) The Modificd Mixer

The esscntial fcu,tln'ﬂﬂ‘nf ‘the modified mixer are shown in Pi,;. 5(a).
FOr details, the Crawings of Gmm?huneﬂo., should bc referred to.

- The distances froo the crystal -spot and fron the loop to the cemtre of
the block arc “oth onc gquarter wave-length., - It is tlms possible for. the s
tuttmemtthcremuaﬂfbnﬂithccmmmmlonp.andfnran
mdameequaltoﬂmrealplrtafthemutalmpeﬂmehbepmuntedto
the gas switchs This mxer bas shorter aroe and e aaller loop than the ol
Thelmpinmdebybmmnﬁapmﬁmofﬂmm&rmnrmdamm
solderins to a projection on the imner,  All dielectric spacers have been
elmnatedf‘ranthemmeafthem. The‘hnﬁn,auﬂ:mkesmufa
moveable polythene slug in a 120 :ohm line, ~ :This is frec from contact
troublcs but is nr.lw Just a&emmwthcmﬁmmmmw

'ﬂ:eloop size, in the abscnce. ot' specialmasurmg gear, was arrived at
by trial and error. Protcction was tested directly by running a nucber of
cryztalam:de“upcratugconalnnn:.-!helmgthafthchnungatmgmﬂd '
thcnbccalculatcd aniai:mlaﬂjushnmtmﬂabyemunmt g

It is worth noting that if ﬁm-&rystalmﬂmermcamﬂﬂrpiluc
conditions theprotection :mruaauu, an offect mteﬂ. i.n thﬂ Raﬂ:ln.ﬂnn
Laboratory Report 53-11, .and also that de
the protectlun to the crya‘ha.l {Snc ppen
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6.. ' THE GAS STITCH GV.157

(I a.) -i)cl'séi'ip-t'iﬁ'ﬁ“

.. The UV.157 18 a scft Zas switch des:L ned. to be cﬂulled d.:l.rec'bly to a
wave-guide and thus closcly rusez:mles thc J‘..d::cnralty valves CV .‘106 and 10?.

It l'..lf'fEI‘E frcrm C‘..T.'IOES in thrce m:rc:r'tant respects.
(:L) The frecg.l-_ncy whlch is 'L'una'blc frr::m 3140 Me/s to 3250 Mc/s!

(ii) The sizc of the aperturd ‘connecting it to the muidee Th:.a
is ag large as is mechanically possitle, (1-5” long by 2"
across) and the coupling to the guide is reduced where

nccesaary e havln,;, a sma.ller ‘window in the fuide wall,

(iii) The dlamcter of ‘the reson&.tar thich is 46 rm. instead of
43 . in CN.“FOG. Th:.s increasc in size is not an
advanta"e. - -

The CV.157 is das:.;,ned fc:-r E.l:ﬁll scalc praductmn only, and it is hoped
to replace it by a dz.e-—cast version which 3ill have parts in common with
other zas switchess - The resonator of the velve is shown in TRE drawings
CRT.19112, ATR. 19195—9-10-'11 The four 2 B,A., holes.in the base plate
correspond with thosc in GIR‘IDG in ﬂrde'r* that the valve may be u.sed in

Admlralty Eau:.pmcn'b if dezircd,

(1) Thu Aﬂm*tunccs of CV. 1 5? Tﬁmn attachcd to the edre of the
Wavc-fmm de

Fbr Purelv mechamical reasons it was decided to couple the CV.157 %o
tho edze of the suide, - In-this position’ the cnupled adrmittance of the
rhunbatron acts in para.llcl with that of the suide. The normalised
adrnitiances can be oeasured either by raatch:mg the muide or by
terminating it mth a ‘stub ‘of Inown (prcfc}rabl;? EEI‘D) susceptance as shcmn '
on Fig.6. - If the fraquenﬁ,,r of the signal is kept constant and the tuning
plungers are moved, the measured admittances lie on a circle similar to
that showm on F:L,__c,,.G The plotting of these circles. is oftcn of use, since
it enables a nmnber of - obscrvations, each ‘one of which may be inaccurate,
to be corrclated. -  The results given herc vere all taken using 2 crystal
standing wave ‘detector and assuming the squere law, ~ As wery large standing
waves are Enmt:r.mas mea.sured 'tharﬂ m..:,r b-:: cnna:.dcrahlc systematic errors. |

E:Lze r.::f' A}g_ar*ture D;.ame,ter. r::f Cgrclc.r L _Iﬂ:EDx. .hegﬁh- t of Gen"l:re
- | R | above Real Axis -

“" ? 15—20 0.7

-1" . 56, 0. 1
See ﬂppenﬁix (c)

(e.} !L‘hl:a {Tae nf G";T.‘I a.s "An't:.-T.R. J Switch -

) The"ﬂn‘clﬂT.R. n .ﬁ‘ﬂl‘bch, menk_prnpccly tunv::d s almosgt . equ:w@lant to a
short oiréuit: across the guide; and- the 'kl n impedance in parallel with '

“dtican ﬂnly Anorcasc: the effectiveness of ‘l;he ,shc:rt circuit, . One quarter Tave

;j-a‘wa}", thﬂrefﬂre g “STHero “the "‘.I'.R. 3 ;smtch and mixer are nﬂtnhed into the-guide,
Jwe'l haw the cg_z.i:w_qiﬂni: nf *a. rnsma*l;ﬂ.ncu } ‘15 in para]lel with unit resistance,

Tha cmula batween nﬁxar and’ rhumbatrﬂn is fixed by -
pﬂns;.ﬂera‘tlan.ﬁ 8o prﬂtﬁn‘ba.ﬂn (EEE “para,’ 5:1) 'I# rerains therefore

'tc.:- ﬂhnaserthﬂ @lve of the coupling holc-so as- tu zive the best:
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mich into thc suide under conditions of reecption. This cannot
be donc accuratcly for all crystals because their irxpedances

but ncither is it very irportant, a mis-match of loss than 2:1 be
acceptable. The best size of holg was found to be 1" x 2%, In
one cxrerinment with this errangencnt vhen thirteon crystals were
tried, whosc rcactances varied from -0,4 to +1,1, the standing wa
ratio in the zuidc varied from 1.4 to 1.6 in volts.,

(ii) Simna) Dissipstcd in Rhurbatron. The loss in the T.R. switch is
not ecasy to measure directly with any accuracy but it may be

~ obtaincd by 2 sirple calculation from results given in paras. 6(b)

and (4). The maxirun resistive ‘irpedance of the gas switch when:

loaded by the mixer and coupled by a hole 1" x 2" is nearly unity,

while vithout the mixer it is 5. It follows that the ratio ..

Power lost in Rhucbatron . L
Total Pover | 5.5

—

corrcspondin~ to a loss af 0;9.65. (sec Appendix (d))

(e) Distance ipart of the Tvo Switches

Althoush the to switches are so close together that the apertures
actually overla:, it was not cossible to detect any direct coupling
between then. The distance apart is not critical, and the arrangerent is

not frequency sensitive over the tuning range of the klystron.
7o THE VAVE-GUIDE TO CAILE TRA'SFORMER

A special moulded probe transformer ending in a starndard high power
plugand.mtclﬁngintot?}o}mmdbvelopﬂd. 'ﬁnsmahmmiflm
drawing CRT.17329. The matching necessitates the cxact determination
both of the_length of the probe and the position of the plate, but once
these are fixed a probe of this typc is uscful over quite a larpge frequency
band. Six modcls of this have been tcsted between 8.9 and 9.6 cms, and
they rroducc standin; waves better than 1,2:1 in volts over this band,

€. PERFORNAKCE OF THE COMPLETE R.P. CIRCUTT

(2) Rwer Output into a matched load

Themtchsyatmunaermthngmtlm oduces a small
standing wave (_1.2 in volts), because although the niu‘taheae:ra a quarter~
wave apart their apertures arc not the sare, The kKlystron was placed
at the mltagczqi.njnmuf this standing wave system, 7.5 oms fron the
mt:ng: of th;r'a.nti-T.R." switchy, - The output power was then measimred
a sanc frequencies as thosc. of para, 4{c¢). The power was
decrcased by more than 0,4 db, by the failure of the switch mt:mto mect
cxactly the conditions of para, 4{d).

(b) Altitude Test  The vhole bax has been tested by the Gramophone
Co., at low pressure, and found to withst8nd the equivalant of. about
g,?;lg ft. Dreakdown first occurs betwecn the cathode and resonator of the

(c) BEfect of eria) Mismatch on Tranmmitted frequency and Power -
| To test’ the effect of badly matchod aerials on thetrmttcr L
iumdthe output prode was reomoved and a matched puide.substituted.
ug wes then moved 1o apd fro in“the guide, producing a standing:
wave of varisblc phasc. Tho results aro summrisod below, - = - .. i..

=
-
#.
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S gﬁ' z A un 1!

Standing wvave Standing wave
2.15:1 in volts |1.,47:1 in volts

pulling from frequency

+ 3 Y¥c/s
delivered into Matched
Load,
output power. | 3 22

These fisures show that a really badly retched aerial may easily
halve the output power, while if a2s the aerial scans the phase of the
standin~ wave changes, thc transmitter frequency ray be pulled right out
of the receiver band-width., It should be stated tha.t_ma.suremnts on
nagnetrons reveal cffccts of the samc order, and the fimures abeve do not
irmly a defect peculiar to the CV.150. -

It cammot however be too strongly emphasiscd that carcful aerial
natchins is essential if T.R.3539 is to give its best output.

150" Aygust 1943

*S.-Hﬂ.%
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AZFENDIX

Equivalent Circuit. of Cﬁ%"&-ﬁtc'fms' and Gxer, Fmﬂm " V(C

-~ " (a) -Figure 7(a) shows -a oroposed cquivalent circult-for the whole R.I". systen
and oixer -on reception, Host of it is self-cxplonatory but the following points
reguire ca:ncnt.

(1) 1'3 and Ty, Tepresent the windBws coupling the switches to the guide,
There is .some thearetical Jjustification for resarding o window on the edge as
equivalent *bn a purely inﬂznt:.vc cotnling,

{4i) The prescnce of the quartor—wove transformers Jjoining L3 end L& %o
the guide is best mnderstood, at oy rate qualitetively, by cansidering the owrrents
flowing in the walls of the guide, i diagrom of these is reproduced in figure 7(b),
It will be noticed thot the cusren® paximum on the edge of the guide is opposite
the current minimum af the top, i.e. ‘he currents an edge and top are 90° out of
phase, = If we regerd the counling butwecn the gulde and the cavity as due 0 the
shanngdmtbem&m,msecthatnmdmmledmntyntBu
Toughly equvalent to a similar on2 on the top 2t 4. Now the cavity at 4L would

prodnccm:.mpcdemezcuhichmuldhcmseriesmththemﬂ. iﬁdame ’
i.Ce thc;.nped...ncemwdn ¥ 'J_s...bc(zc-i-Z)andnlaawuld Zg

measured at G . Zp is of coase cqual to the adrnittance meoswred at

if the window is reroved from 4 o B ﬂlmiheaﬂ:mttanccunfnmndmmthe
cdge would follow.ginmilar lous To tke irpedances of 2 window on the top. Its
ndni ttance ::m.st be ‘addec to the guile adrittonco 2s measwred at a point opposite
the wuﬂw It th::rcfore. aPpecTs t£> b2 in parallel with the guide,

(i11) Ptrtofthcmtm-acmae&af?EnmcmenmChmnn&part
of vave-guide vhose characteristiz i—>cdance is unknowmn, , We define £ll impedenoces
in termns of the guide iopedonce, 43 a result, rmlammmsmthemﬁonf
thotherhmﬂmtrmurm_c: *fw_nm,.,; e cannntfmﬂtheabaolute value of
Eith&r.

(iv) 411 elenents in Fizice "'(u) are regarded as lamped impedances
unlegs mrked mth a lc;ngt._.. |

(b) 2.1 :L: ﬁm mxer i::lp.:ﬁ"":cu mus"-wed across iB.
Zz 32(1 + EJQ,{) is e _x:_;_.‘edhnce of the rhunbatron.,

(JL:.'-I"-.- Q re-e*'s to the cavity)

J 4y 5 be:.ng & measwre of the differenoe
| W _between the resanant frequency of
T &caﬁtymdthemtmlm
Z memmma €8/ loaking
J.:‘.:Dﬁmga.ammm Thi;uufﬂﬂﬂeqml
tot':ee.ﬂ:i‘-tmcmaamdﬁtﬂ.

3@ ‘Fa- F*q;ra*.._s(c), the- mxm"umbe tuned mﬁlh + X
, “pndcan-be - srittenos 31:‘

%ﬁﬁiﬁm K >
. A

F:ZJ:’: %2: = -;JMQJ:R_?.

Jlni.I‘i‘liﬂ'i#ﬂi.‘ill'llll‘l#lii(ZJ

)/
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(c}'IrJismtuelm'ufz"mm:mgmﬁdimu cirel
_ : : : of Zhe
type shomn in Figure 6, with its ch'esn-dis X °
y oy s no 3 above the real axis and o
D = W-'_l.-"..l.ll-_'-_lIll_--l-'ll-llillllill.i‘l'l'.(s)
. A :
Evidently if the pixor is not mresent the disneter is
D = K
' B>
. (@) The rctio of the power lost in the rhmbatron ' pover
(P) fed into the rhunmbatran : 3 _ . ?) . .
. ' Rz
. E = —_2- = -2 '
i3 %*E— D, %

(see para, 6(a))

{e) If thce mixer is not correctly tumed the tern K42 in (2) oust have a
| -

mmﬁwtmnﬂ?eﬂtoit. This con only decrcase the power obsorbed the
: (MMS(S).

Wc are grectly indcbted to Dr. Starr £ ¥ i
it _ or ho.p in preparing the matter

N

s

| SuNo.lBu2 R >
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