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V 

In the pat twenty years it bas been necessary to ine.reas the n ble 

radio frequency spectrmn to many tines its former limit. This i& due to 

greatly in-ere sed co ,iaJ. de :ianda and requi ents of the armed tore 

tor new nd better equipment. 

The pieee ot equip1 ent studied for this paper is used as a bench 

signal generator and as a local oscillator tor crowv receivers. Tb 

purpose -or this paper is to give a brier deacription of the apparat-us~ ite 

faults, and possible alterations to nable it to give bett perto nee. 



awl its allied fields, such as radar and telev:1:sion, has made 'n.andatocy the 

hf'W oo~n set by the program;!: made in des1.gning electron tubes c11pable o£ 

gent.'Tating the higher frequencies efficiently and reliably. l 

Vnct..m~ tubes ot conventional design are limited itTeatly in their fre­

quency :.,a,nge by' three factors. They are: (1) the inductance of the leads 

to the different tube clements" (2) the transit time ot the eleetrons due 

s ~ ,a; 6*'t.. ... 



'lne do-velop1;,.ent or :rd.cJt•r.:nrave tubes has rer.1.ched ouch a 1,r::>int that the 

usa)rle rre,~!uonoy speetrurn has been w.ultiplied to at least thi?'ty tL:1ea its 

prewar limit., 

the infra-red port.ion o:f tho spectrum. 



Chapter 2 

DESCR!.PTION OF MICROWAVE TRIO ES AND ANAI SIS O ~ REE! . RA} OSCILLA / OR 

Although the a e ml t1}'e.s of tu s UD d to genera'te .f'requ nci a 

in the gaeyele region, thi paper la th the part1cul r typ 

known triod Th to moat w:1.d 1y know and used triodes ot 

re tho 2040 and the 2043. The n hers 446A, 446B, and 1656, hav 

been g v n to th 2040 tube at vr-:rious t s, an not either a nev develop-

tort t the y be a-elected or its exceptional oporating qualities. 

Th ae d sign t1ons ar given b ca e the tu a vary con iderably ham group 

to group g nut cturo. 

£erring to Figure l, pa 4, it rra.y be that the disk-seal tu 

is con true in such a fl81mer as t.o use cavi tisa or the tuning el nts. 

Figure l is a cuta y vi oft.he tube, S:hmn.ng the most important r atur s 

ot the tube without the c vi.ties. 

To reduc the tnmn1t time o£ el ct ns to a minimum, the ele ts of 

the tu are sp ced extremely close. In the case of the 2C40 tube, the gri 

eathod spacing 1 on tenth or illimeter (four- thoucan or an inch) 

and th grid-plat acing 1 a ut thre nths of mill etcr { t lv 

thouean th of en ineh) . A"' a tter of interest, it 1s pointed out that 

the . cing bet n the grid W'ir i some t a tor than the grid-cath 

spacing. 

Oll ply is hown in i re 2. 

The onl;y p rts 0£ the oscillator normally r· oved fro th as bly are t e 

tube and th grid cylinder. The rest of the unit y bo n down into 

its eor.iponent rto by r oval of several screws found at the end or the 

s hly away tro the t ube. 

To a enble the unit, the grid cylinder 1 t sten d to the tub t the 



Figure 1. 

Partial c ross-sect· ion 2040. 
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'l'ube 

Output Probe 

.Sliding 
Connection 

Grid Cylinder 

J!'igure 2. 

Insulating Disk 

Quarter=wave 
choke 

1\ming gears not shown 

Reentrant Oscillator Cavity ~Jith Tube Inserted. 
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2040 'fube 

Variable grid cylinder Adjustable plate plunger 

Figure 3. 

Ideal Reentrant Cavity Allowing Greater Frequency Change. 



slv.e su:rface. or th0 eylb1dor snapa over the g:r,ic1 <U.~k. · 

The allQdo- .oxte:nsio:n is tightoned to tho tube uith a screw cm:m.eotion, 

and tho cmthode is tightt.'fled .r,ft.or the t~ i:l insvrted by u locking :.mret..r 

1 

on tho outside ot: the e;::thod4il cylinder. 111he anode connection ~en. the 

voltage source and anode a~ansio:n i:i made by a tight fitting sliding oootact 

For an equivalent circuit analysis <.)f tile behavior of a reentrcnt <meil• 

la tor, 1 t :ts ne4eSs.-".!ir., to introduce a Gimplit'ied picture as show in Fi~ 41 

5 4 

Figure 4. 

Simplified Reentrant Cavity • 

. In this figure the load ie represented by an e.dmi ttance It, the direct 

curr"'Mt grid connection io omitted, and the effeet. ot the output probe is dis-,. 

regcrded. 'fu.r.dng for this type of oscillator is accomplished b;'r aliding 

1D.R. BGBil ton, J. K.. K .. niP11, and J.. B. R. Kuper, K;lyatrons ~ .~_ggrg­
imve Triode@!J µ.. 254-260 .. 



th pla connections fro the pla or the 'tube through we o the no 

xtension e cribed bovo. nge or- tun.in !or this thod is bout 

firt pere nt f'or any singl grid cylinder. 

It 1s noticed 1n igures 2 an 4 that n di ontinui.ty., Lp, i i nt roduced 

- hen the plate pl1mger is pulled vray from the tube. This c nge, 1n ts 

effect t least., be t ted s an nduotan , b c nae s I-p 1 

the uenoy is loYered.. A e · nge in 1'.P of one nill +.er brin 

change in :f'req ency ot 40 to 50 ogacycles per econd. Tun1 over ui er 

range oould be ee lished by using an oscillator vith the cavity eonf'i 

at1on shown in Figur ;. This is what bett than Figaro 2 for tvo 

reason. One is that the f'r q ency is eh.en d by ebanging the grid cylinder 

length without r oving the tube, and h other is that the phase of the 

fe dback angl can be nged to opti po 1 tion A thout a ehange in 

queney bees.us 1,, is no xiatent •. 

To draw t.be equivalent circuit tor the reentrant oscillator, it i n c-

es nry to get an idea of then t of the ields at th ands ot a concentric 

cylinder to 1 tion. F·'or this, rGfar to Fi 5, below. 
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Figure 5. 

Coaxial Line Configuration Similar to That at the End of Grid Cylinder. 



In thi f'igur , line ~ refers to the portion tween tbe grid cylinder 

and the plat lln. IJ.ne ,e is the portion bet en grid cylind rand cathode 

cylinder, and lines i the portion beyond the end of the grid cylinder. 
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With t.his drawing it i:, en th ta v t vellng tot.he left ins will 

lit into ves ,hoso litudes are proportional to the characteristic 

i edance of and}. HoYevor, ve sent to the right in line.!! will 

partly ref'lected and p rtly trnn tted into]? and ,g. ~iltlilarly, e ve going 

to the right in .!z will beh ve like one going to the ri tin !l The disc 

tinuity at th ends of line.! and line.!? y be treated in an equi alent 

circuit as capacitsnc • The quivalent circuit ot Figttt"e 5 1~ then shown 

in Figure 6, vhe the dis ontinuity across lines is an inductance Le• This 

co bination will then give a resonant circuit of Ca nnd ~ ~n serl~s with 

L0 • only dditional par eter that comes into effect is the short­

circuiting plunger acros line g. This may be thought of as a variable 
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Figure 6. 

Equivalent Circuit of Figure 5. 
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reaet;~mee ltr~d tr1th L0.. lla a final rct1ult for thi~ Peetion we have the 

gr-id cylinder termiootod by line ]2 ln serief; ,dth a vttriable r~1et&nee i,,>:hieh 

Yt, u:nd thi2 cirooit co;nsisting of the short srJetiona of 1:Ulf? to the left of' 

Y1, i:1 fi':tgure 4.. i:i'h0 associated eapaeitanees and indu.ctanoos will be the same 

as those in Figure 5. 

end of the circuit, must give a voltage, Vg, ot t,he eo:rToot phase at the right 

end.. ·Too, if oscillations are to build ~, 17~1 fa1t1;1.it. be laI"ger than 

If it were not fo.r the ef:t,~1ct of' ~ bocr.-1::dng larger as the shorting 

plunger is pulled out., there would be 3Josit:tons f'or 14 f:,;V(JI"Jf half' wiwe length 

for whioh the proper phase of .feedback could he obtained :for any partic1dar 

nay not be obtaiued if' tho magnitude of the ahifted wave :ts too a.."l\Ull. 
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Figure 7. 

Equivalent Circuit of Figures 2 and 4. 

Orid-p1ata c pacit ce. 

Discontinuity paoitanee t plate di k. 
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Rg l. 
g 

Lengths of coaxi 1 li e with n corresponding to nu."'llbers in Fi gure 4. 

Di continuity eapacitnnoe at the d of cylinder 3. 

I nd ctanc due to shorting plunger. 

Diseontinuit;y capacitance at right end of cylinder 5. 

Disco tinuit7 c eitance t lert end of cylinder 5. 

t i eontinuity capacitance at end of cylinder 7. 

nduetanee due to short-circuiting effect t lef~ end of cylind ir 6. 

Cap eitanc of input region of the tube. 

Resistance or input r g1on of the tube. 
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Quarter-wave 
.~ Choke 

Plate Rod 

I I I \ I i 
i. 
' Aluminum 
:f-(--1-t----- Disk With Holes Drilled to 

Facilitate Removal 

Figure 8. 



1.3 

It may be seen fro, G:ra hr, gc 14, that the equency is incre s d 

as the id eylin er is d erased i a r d position or the tuning plun or 

is inte.ined. This waa to e:;.,pected in spite of the fact that the wv 

length distance fro the end of the grid linder tote plunger snot fixed, 

bee use the 

It ,.;as shown e crrimen lly ... at t e position of the short-circuiting 

plunger bas little ette ton frequency. Tb1 a done b;y keeping Lp constant 

and eying the position of the lun er by u 1ng th 3her described in 

Figure a. A change in pl ger distance or .58 centinctors co.used a frequency 

ehang of 64 cycles per second, whereas a change ot .o Ci· in 11, caused 

frequency ehange of 49 egacycles per second. It is seen .from these figures 

that a change in pl er position alone ha only about t \fenty pereent as ch 

tuning etf'ect as changing 11,• 

The value o th plate voltage, Ep, has little effect on frequency. 

Plate voltage was ried :trOlll 125 volts to 200 volts, but the change 1n 

frequency a barely t enou h to be noticed. 

The power supply u ed for this e:ig,orim nt was a conventional. full w.v 

rectifier with a paeitnnc input filter. Output voltage s controlled by 

using a variac transf rmer to control the input ol tage. Tho tube used s 

a 645 tu , the filter capacitances er 20 and mioro.f-rads, d the choke 

coil s 20 hen ie . 

F l ent vol ge s obt 1n by filament transformer Yhich st ppod 

llO vol ta dow to 6. 3 vol ts. Input vol tag to he v ri.ae was kept constant 

at 110 volt by o. constant voltage tnmsfomer. 

ehe tic di gram tor the po er supply is show in Figure 7, page 15. 

Frequency , ea ure ants for this p l" w re made vi th a Detector-1/avemeter 

manufactured by The perry yroscope Company. This metex-, shown in schen: tic 

ro on pa 17, is designed for frequency sure ants on systems operating 
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eonti:dned and rc:1q_u.1r<.m no potter except th€i strength or the signal beiwJ 

,reasured,. For frequency Hoastt:t"e,:2:,nts,. the tiakir is accurate to one part in 

2000 or .7t:. ?;1e,.w.c.tmrel""s nt 1·"" "'')~t-1 ""'"'"' •. ,,..,., _, _ " v - V <.,''"'·' .. t,, .. : li\,:;.,_ ,..,., 

rrho opei-4ting p1•lneiple or t,his :meter it;; quite ~i:!i:iple.. JDmm::ntially it 

is a quartcr-w-a,re line s.hort<c1d at onE~ end an.d open at the ot.J-K!l",. Following 

(J) 'i'he oxtmwion is cow,led to conductor (n) 

b;y means of t,hc1 filter capaei.ty (P)-(C)-(D). (P)-(C} ls about a qtUJ.1"tor 

at 

(P) ncgl:tgfb1e .. 

the tibsorption method is used, the unknn-w11 signal .is fed to tho 

'l'-scction through jack (!:) and to the eeystnl rectifier .. Hhon the eavity 

According to the instruction booklet, this meter can be used for pouor 
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Tuning Eandl e C 
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Figure 10 .. 

Schema.tic Diagram of Detector-Viavemeter Type IJ.iark s-22. 



romllts obtained with this meter did not correlate witl1 1~estil.'bs obtained 

through uae of' the bolotae~r type device dcrmri.b(l;d ool<>,t! 

r-f pouer is then fed j.nto the eirmd t by the coupling loop shown., This 

18 

detector shous a nil read1ng again... 'l'he current., . I2,. :ts then not.ed on the 

meter. It in (nrident that the boloroo:ter resietB:nee ls the sm,e 'When both 

I1 and !2 were taken because tl1e bridge 11as bnlancoo., 'i'his J)roves that the· 

't>.'.>tal pi:n.;er dissiputed in the ool-0m:eter eleuent the sane in both eases.. All 

resistances are 100 omi.:is ,rdJ.ue,, ao the power msGipa:ted uith no ~r a1'.iplled. 

:ls :r.12 times 100 and powa1• dissip.~ted with r-f applied ;ts 122 times 100 plus 

r-f pouer dise-1ip14,ted.. 'ihi~ rniikes the r-.r pm1er outrmt equal to (Ij - 12) t:Lmes 

attermation. 'i'o .find t,ho VQ).UQ. of tho attenuator WJ.ed, a s1gna.1 ims appiied 

to the bridge :without at-1.,enu:Ition. and po1,r{~i!." me,am1recl.. The at.teu11a:tor was 

l:Ratli_o Hesear,'11 taoor~ttory Staff', Vr:::ey High iTOqu~ntr/ ~l'eelmiques~ 
Volume II., pp .. 102.?r-1024,. 
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Zero Con tro 1 

D-0 Source c-----R-F Bypass -r Capacitance 

E~ement 

Loop Input-:-

= 

Figure 11. 

Schematic Diagran1 of 1'hermistor Bridge 



with 

the att,ermator inserted and all po-, .. rer values tibtained uore rmllt-iplied by the 

attenuation f'uctor of too attenuator. 

Graph , :p,r,ge 21, allows the power obtninerl at iU.ff'ercnt f:requeneies 

using fc-ur different f:~d cylinders. 

It -waa expected a:t first th.id;, i1eak pot-ror 'W'Dttld be. obtained at the li:x,10st 

:f'requer1.'c1oo u'lth 'tbe .longer ~/linden and a:t high !'rz_::quonc:te:a with the sh<.-,.n 

eyl:tnders- It was el.so th.ought that the 11awer ~,rould oo greater for the lover 

frequ0mciea. 1Je:ither cf' the t,ro expecta:t::tons listed alievo proved to oo oorreet, 

in spite of the f'sot that the tube is oap:-ible of putting out more paver than 

is shew on the gt>aph.. As was pointed out before that the distance in wa,,e­

lengths f'1"0m. the end of the grid cyli.'lder to the sborting plUlJgor is n~vai'.' 

the GtcU1e for ti10 frequeneies ltith a single gr:ld cylinder.. This ohlange Erll'9' 

acc'°unt for the unexpected power re13ponses in toot the phtt.Se Ggle of the 

f'e:editi.'lek wve is so fv.r from be:ing correct that the maximmn poller 11h:ieh th& 

tube is eo;pn 'ti.le of' g0nerating could not be roae:hed., 

About the only aoncl.u$ion thtit ean be reached ie that the maxiim:mi 

power is 'to be 'Obtained at a given frequency- the cornplettf.1 oscillator unit 

must be designed for that frequency .. On the other band, if the unit is to be 

used as a loeal oscillator in a reeei ving set or ae a lm,1 power signal genera­

tor for a bench setup, the pouer obtaiued is prohc.~bly suff''ie::lent to satis±')' 

thcce needs. 
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Chapter 4 

m:lcro;..rav-e5 is the latt,er whieh is being tmed on a large, set1le triJout t)Osis 

in the north.east seoi~i.on of the United States ~tween large cities! 

range if,. 1i!c,i tod., 

First, frequencies below a hu;nd.rod megacy-eles per seco:rw1 are t.mavailable 



From the several reasons given above it is soon why th& range 1~ lmitad 

at the present time,. But beoouse neu techniques are being developed 1IDa:rly 

·Erler:{ day it ~ not be loa1g untll the use.ble radio frequency spectrum iB 

extended .ror ~rcial purpOSGs., 
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