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INFORMATION 

AS IT APPEARS 
\ 

IN THIS CATALOG 

IMPORTANT 

EIMAC "EXTRAS" 
APPL/CATION ENGINEERING-As well as being 
available for consultation the Eimac Application 
Engineering Department provides information 
about tube operating techniques, tube data and ap­
plication bulletins in order to keep you up to date 
with the latest in electron power tube development. 

FIELD ENGINEERING-On the following page is 
a list of Eimac field engineers who operate out of 
offices in many major cities of the United States. 
These men will help you personally with problems 
of technique, experimental work, etc. Engineers 
from the Eitel-McCullough, Inc., plant in San Bruno 
are also available for field consultation throughout 
the country. As Eimac tubes are universally adopted 
the same services extend to many countries over­
seas through the Eimac export division. 

Field Enghleen 
Deolen 
Price Lilt 
Tube Type Numberint 5ylteln 
Application Bulletin No. 5 
4-65A Raclial-leom Power Tetrode 
4-125A Racliol-leom Power Tetrode 
4-250A Roclial-leom Power Tetrode 
4-400A Racliol-leom Power Tetrode 
4-1000,\ Radiol-leom Power Tetrode 
4W20,000A Raclial-BeoM Power Tetrode 
4X150A Raclial-leom Power Tetrode 
4X150G Raclial-leom Power Tetrode 
4X500A Radial-Beam Power Tetrode 
4E27A/5-1251 Radial-Beam Power Pentode 
2C39A Power Triode 
3X2500A3 Power Triode 
3X2500F3 Power Triode 
3X3000A 1 Power Triode 
31<20,000LK Power Klystron 
866A Mercury Vapor Rectifier 
872A Mercury Vapor Rectifier 
Vacuum Copociton 
Variable Vacuum Capociton 
Fi119er Stock 
HR Connecton 
Application Bulletin No. 8 
Qtaick Reference Catalog 
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E I T E C - M c G U lJ ~ 0 U G H, I N c. 

Eimac 
Field 

Engineers SAN BRUNO , CALIFORN IA 

Serving eight terri tor ies throughout the United Stotes are top qualified men well 

equipped for electronic factory-field liaison. A. phone call or letter to the Eimac 

field engineer covering your area will bring immediate engineering assistonce or 

information on deliveries and prices. These men a re in daily communication with 

the Eimac factories and have up-to-the-minute information available at their 

finger tips. 

►HERB BECKER 
1140 Crenshaw Blvd. 
Los Angeles 19, California 
Phone: Webster 1-1257 

► DAVE M. LEE CO. 
2517 Second Ave. 
Seattle 1, Washington 
Phone: Main 5512 

W . CLIF McLOUD & CO. 
5528 East Colfax Ave. 
Denver 7 , Colorado 
Phone: Fremont 3067 

► J . E. JOYNER, JR. 
1706 South Gordon St., S. W . 
P. 0. Box 341 , Station A 
Atlanta, Georgia 
Phone: Amhurst 1101 

► ROYAL J . HIGGINS CO. 
10105 South Western Ave. 
Chicogo 43, Illinois 
Phone: Cedarcrest 3-7388 

► ADOLPH SCHWARTZ 
One Exchange Ploce, Room 919 
Jersey City, New Jersey 
Phone: Delaware 3-2424 , 3-2425 

CL YOE H. SCHRYVER SALES CO. 
4550 Main St., Room 224 TIM COAKLEY SALES OFFICE 

11 Beacon St. Konsas City 5, Missouri 
Phone: Westport 4660 

Export Agents 

Boston 8, Massachusetts 
Phone: Copitol 7-0050 

FRAZAR & HANSEN, LTD. 
301 Clay St. 
San Francisco, California 
Phone: Ex brook 2-5112 

For information collcerning your electronic problems or needs solicit the services 

of these men without any obligation. 

Effective 6-5-53 

► lndicotc,s chonQc, from shc,c,t doted 12- 1-50 
Printed in U.S.A 2- 70638 
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AD ElfflAC DEALER IS NEAR YOU 
For Your Assuronce to Obtain the Most Modern, Guaranteed Eimac Tubes - Purchase Only horn These Authorized Distributors 

- ALASKA Rodoo Product, Soifl, Inc. CONNECTICUT GEORGIA 
Anchorage 

1501 S..,11, H,11 St 
Bridgeport Albany 

Alo,ko Rod,o Supply, Inc. 
Rodoo Spoc,olt.., Co 

Ho tty of Bt,dgoport, Inc. Spoc,o11y 0,stnbuf,ng Co. 
Bo, 2279 1956 So f,gueroo St. 

1700 Moon St lo.t p.,,,. Ave 

Y•kon Rodoo Sl,pply, Inc. 
Rod,o T_...,,_ 5',pply Co. 

Hartford Atlonto 3,11 W.s1 18th St. Box,06 
Shelley Rod,o Co. Hotry of Ho,tfo,d, Inc Sp.c,olty O,,tnbu!tng Co 

Fairbanks 2008 Wtstwood 81'1d l03 Ann St •25 Po«htrM St N E 
Y•kon Rod,o Supply, Inc. long Beoch R G. SceloCo. S..,t.......,n Rod,o Po,t, Co. 
6S5 , 6'1,Aw 12•9Mo,n St 400 w Po«htrN St 
P. 0 Bo, 1385 hodS DoonCo 

New Britain The Yoncey Compony, Inc. 
Juneau 969 Ametecon Ave 1500 North,,do o,,.. N W. 

Ato,ko Rod,o s.pply, Inc. lorry L~ Ei.ctronoa Urntod Rod,o Supply Co 
Augusto I 526E01t ••h St '7,53 Eo,1 Mo,n St. 

Bo,2538 
Scott Rod,o s.,pply, Inc. Spoc,olty 0,strobutong Co New Haven ALABAMA 266 Alom1t0& Ave 

n.o.-HBtownCo. 
6'• Reynold, St. 

Birmingham Maywood 15-25 Whrhng St Columbus 
Aci Rod,o S.ppty Co. K,or•lfl & Compony Cong,ou Rod,o Co. Rod,oSol., & So,v,u Co. 
2205 , JrdAw NotTh 6058 Wolkot AYO '207Cong<fflAW 1326F1n:1Ave. 
Jom•W Ctor,,Co 

Oakland Ooto-Connoc,oc\11 Inc. Macon 1713,2ndAwSo.M ,,o fo<rySt 
fo<bos o,,1nbuf,ng Co., Inc. W. 0 a,,nCo 

Hairy of New""-• Inc 
Spec.atty D,1,nbut,"9 Co. 

198, 1011, SI 539 Arch St. 2600 , 3rd Aw.. So.M n Btoodwov Savannah 
Mobile El«tnc Supply Co '"° · 1111, St New London 

Sp.c,olty 0»tr•buf•ng Co 
Horr,. s.,pply Co. 

Polo Alto • II E. 8toughlon St. 
IO No,11, Woto, St A.duns Electron+<: Supply Co SoutMost~n Rodie Pcrtl Co P. 0 . Box I 009 Zock Rod,o 5',pply Co. 428 Bonk SI 38 _,,_., St. 

Montgomery 
22.S Hom1lton Aw,. 

Stamford 
Nolu\-Mctnn«1, ~ Pasadena Holry of Stomfo,d, Inc. 

HAWAII 
'205 Commotco St. Oow Rod,o Supply Co. 97 Mo1nSt Honolulu, T. H. 
P. O Box 2229 1759 E. Col01odo St. 

Waterbury Pre-o...on Rodio Co. 
s..,,hoo,i.rn Rodoo Pom Co. Elo«ronoc S.pply Co,p. 1372-74 So ~,ng St 
21 O NotTh Co.rt SI. 2615Eost fc,oll,,1181-,d The Bond Rod,o Supply Rod,o Whoie,ole & Supply Co. 

ARIZONA 
,IJ9W Mo,nSt. P 0 . Bo.3768 Sacramento Hotry of Wol-y, Inc. 

Phoenix E M. KompCo. 89Cherry s, IDAHO 

Rod10 Pom ol Atuona 1115 R SI. Boise 
21' So.II, 11th ..... Socromento Electnc Supply Co Croddocl ·, Rodoo s.pply 
Rod,o Sp.c,ohoe, & Apploonce COip. 1219··s SI. DElAWARE 1522 Stole St. 
305 E Roc,oowb San Bernardino Wilmington Kopu Eloctronoc, Co 
Weitern Rod10 & Eng1f'INt1ng Co. 

K,or•lff & COfflpony Alma Rod,o Co. 119 Poosloy SI. - 1915 Eost Wosh,ngton St. 
1123 W. Bo .. Lono 01 L- SI. Cor. 6'h and O.oogo St Idaho Falls 

Tucson Rod,o Eloctr,c S..-0 Co 
Schwencfonon s ~ Otstobutors 

Ell,ott Eloclron,a. Inc. 
San Diego 3rd ond Totnoll Sb 

380E Sl,oot 
418 No,11, 41h ..... Eloct'°",c Equ-• Dlllnbu-
P. 0 . Box 5081 1228, 2ndAw FLORIDA 

ILLINOIS 
ARKANSAS 

Shonk, & 'M,ghl ft. Lauderdale Belleville 
Blytheville 

'20ASK.-St. Goddard O.,ttobu<or, 
W..!ern Rod,o & Totov,,_ 5',pply Co. 2113-15 So.Ith Andrew< Aw l.rr,Eloctr,cCo 

81y,ho,,,lle Rod,o Supply 1'\SlndooSI. 210No,II, 111....,., SI. 

112 So.II, ""' St. Jacksonville 
Chicago 

Ft. Smith San Fronci1Co Konkodo Rod,o S.pply 
Son fronc,,co t.dJo S.pply Co. 1402 LOU<o SI. Allood Rod,o Co,p w ... Rod,o Supply 1284 Mo<ltet St. So.thoosl Aud<o Compony 

833 W Jackson Bt.d. 
1001 Towton Aw. 

O,,cogo Rod,o """'°'oi.. Co., Inc. 
little Rock 

lock Rod,o & T_...,.,.,,. 930 W Adam, St 
I 426 Market SI. ,1 s So.th 0oOt1>om St 

Corhon Whol.,olo Rod,o, Inc. Lakeland c,_, M,n Rod,o Supply 
109 Wosl Yth St Son Jose Rod,oAccouO< ... Co. l4SWosl 11111,S, 
PO 8ox828 konk 0--1. Inc. 1050So.11,AondoAvo. l•kko Soifl COip. 
S...tho<n Rod,o 5',pply 161 w Son fornondo SI 

Miami 5024 lnnng Pork Rd. 
1'19 Mo,n St Sonia Ano Eloctron,c S.pply Co Nowork Eloctnc Co. 
Oov,d Whrte Rod,o S.pply Co. Rod,o & Telovo,oon Eqv,_ Co. 61 NE. 9th St mw.stMod,-s,. 
tmMomSI '207 Ook SI. Ho<mon Rod,o 5',pply Co. Stor Eleetronte Ou.tnbuton Inc 

Texorcona 
Sonia Barbaro 1365 NW. 23rd St n36 So.ffi Holuod St. 

Lo,endo, Rod,o Supply Co., Inc. Cl,onnol Rod,o s.ppiy Co. Thurow OtstobutOtl, lnc. Woll.t-Jinii-.on, 1t1c. 
5'20 East 4th 523 Anoc:opa St. 2207 NE. 2nd Aw 311 South Wes:tem Aw,. 

CALIFORNIA Stockton Orlando Decatur 
Bakersfield 8. J Oolomott Whol.,olo Co Ho....,,.d.Ado,ns, Inc. York Rod,o 5',pply COip. 

Volley Rod,o Supply SIS N HIHllo<SI 9 Sc,ull, T o<ry SI 801 NotTh 8toodwoy 
716 Bokor St. Pensacola Elgin 

Burbank Gfcelodt0& E'-ctronttSvppl1e1 fox Eloctt,c Supply Co. 
Ftod S Doon Co. COLORADO 360 E. ~,ghl SI 67-69 NotTh Stole SI 
919 No,11, V,cto,y Blvd. Colorado Springs St. Petersburg Peoria 
Volley Ei.ctronoc S.pply Co Muffoy Rocho Co Coop., Rod,o Co Kio"' Rod,o & Eloclroc Co 
1302 w Mognoloo Bl'ld 9 Ec»t Vef1n1to 6'8SocondAw So 107 Mo<n St 

Fresno Denver Tallahassee Quincy 
Jock C. Arbudol• lnle<•Slote Rod,o & S.pply C,o Thurow Ownbuton, Inc.. Cooper Supply Co. 
2'330Ke<nA.,. 1639 Tr..-,t Ploco m _,., Mon<oo 935Mo,n St 

Glendale Rod,o P,od.ct> Solo, Co. Tempo Rockford 1237 • 16'1, St. Hagerty Rod.o Supply 
L. I Walker Rod,o Co 

l(,nlodo Rod,o Supply H & H Eloclron,c s.pply, Inc. 
6826 Son fe,nondo Rood 1707 Grand C..trol Aw. 510 K,,llwoukM St 

Los Anqeles 
85' Btoodwoy 

Rodt0 Acceu«lel Co ..,, ... - Solo, & S..,-« 
federo,.d Pvrchoser, IM. Grand Junction 137,9 So konkl,n SI 117 Chott. St 
911 s...th Grand Aw. ltod,o & Eloctronoc Supply Co. Thu,ow Omrtbutorl, inc. Md-Well Auoc1ot.d Ors.tr1butors 

HeoryRod,o 
511 U,e 13,1136 So.th lompo St 506Wot .... s, 

112,0 West O(ymp,c Puebla West Palm Beach Rock Island 
Kterulff Electroruu, WI(: l. II. Wolke< Rod,o Co Goddo,d O.,tnbuton. Inc Tr..C,ty •od,o 5',pply, Inc. 
8'20 w,,,i O(ymp,c Blvd 218W 8'hSI 1309 No,tl, 0.•,o 1919 • .., .... 

EIMAC TUBES ARE THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT 
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Springfield 
Ho,~8ruce 
120 No<1h ht St 
W,lion Supply Co. 
I 08 W Jeller,oo St 

INDIANA 
Anderson 

S.-;bert, Rod,o Supply 
1331 Ma,nSt 

Angolo 
Lo,elond Rod,o Supply Co. 
~ W,nt ond Winr P'-osont Sh 

Evansville 
Coltrups 
1014. We11 fronkl,n S, 

Oh,o Volley Sound Se,v,ce 
11 N W Rn•rs.tde Orwe 

W•te0 Rod,o Pom 
.f?8 4.30 P.,nn,vtvonta S. 

Fort Wayne 
Ft Woyne floctronoa Svwfy, Inc 
72'3 Eolt Mo1n St 

Pembleton lobof'"Olonin 
"6 E01t Coh,mbio ot Bo,, ~, 

Wotton Rod,o Co. 
1716 South Ho,"'°" St 

lndionopol,s 
C ,ohorn Elr<t "' Supply, Inc 
101 S Ptf\11\y 'l St 
Meun,., Rod,o S..pply Co. 
52.t North 111,nots 
Rodio 01111,bullng Co 
1013 No<1h Cop<tol A ... 

Lafayette 
Ho""-' Rod,o Supply Co., k,c. 

217 Moin St 

Muncie 
Rod,o S.,pply of Munoe, Inc. 
305 No<th Mod,,oo 

Stondo<d Rodoo Po,11 Co , Inc 
718 South Wolnut 

Peru 
Cl,ngomon Rod,o 
8lAW.,1Mo,nS, 

Richmond 
Rocho & Te\cvt.J•on O1~r.bv1+ng Co 
717South5'1,St 

South Bend 
Coffo• Co , Inc. 
802 South Moon St 
Rocho Ols:1r1bi.,1,ng Co 
Mon<oo ond Conoll Sts. 

Terre Haute 
A<-& E-,,,nge, 
1216 Wobo,h Ave 
Terre Hout• Rod.o 
501 Ohoo St. 

IOWA 
Cedar Rapids 

Goflord e,.,...,., Inc. 
106-108 f,nt St SW 

Council Bluffs 
Wood Rodro Lobo,oto,,.. k,c. 

14.e Wes:I Broodwoy 

Davenport 
To.C,ty Rodoo Supply, Ince 
320 Eo,t Ath St 

Des Moines 
C,fl01d 8'own, Inc. 
1216 C,ond A,. 

Rodro T,odo Supply Co. 
1 '22.f Grond Ave 

Dubuque 
9oe D,strib.Jt1ng Co 
<198 No<th C rondv-A ... 

Sioux City 
Ouk .. Rodoo Co 
209 - 6th St 
Power C,ty Roctt0 Co. 
408.ion..St 

Waterloo 
form"""'°'th todio & tei..,1~ 
623 Jeflenon St 
Roy-Moc Rodoo Supply Co 
2008ollwSt 

KANSAS 
Pittsburg 

P,h,bu,g Rod,o Supply 
212 South 8,oodwoy 

Solina 
W..tem O~t R ,d,o & S..pply Co 
227 North Sonto fe 

Topeka 
At.,ne Rodoo Supply 
A12E lOthSt 

Joh<, A Costelow Co .. Inc. 
125 IConfaj Ave 

The Ove,1on Eloctn< Co., Inc. 
522 Jod,.,on St 

Wichita 
Amotevt RodlO E~•J)fflenl Co 
1203 Eo,r Oc.,glo1 

.,,.,,tote Ei..t,onoe Supply Co,p 
?30 Ida. PO 8o, 201 8 
Rod,o Supply Co 
1125-27 Ecnt Oo.,glo, 

KENTUCKY 
Lexington 

E&.ctromc Ontr,bulOB 
t 3A Well 3,d St 

Kentucky Rodoo Supply Co 
376 Eost Main St 

~'° Equ,~n1 Co ,ao Slt:01n $t 

Louisville 
~ t. S.m & Co., loc. 
911 w ... B,oodwoy 

Un,venol Rod,o Supply Co 
S33Sc.,th7thS, 

LOUISIANA 
Alexandria 

Cent,ol Rodoo Suppl~ Co. 
509-..ooSt 

Baton Rouge 
Eloct,onoc: Supply Co 
1751-53 North ?ht St. 

Lafayette 
Rolph I Rod,o Eloctron,c Supply 
300i co-on St 

lake Charles 
Whole,ole Rod,o Equ,_,1 Co 
2308'1boo St 

Monroe 
Hole &McNe.l 
'21 Wolnul St 

New Orleans 
Columb"' Rodro & S..pply Co 
39AO • 3td St 

Hktron-c Porn C«p 
205-207 Nort11 B,ood 
Jod10 Ports, Inc. 
807 Howo,d A .. 
Shui.t s.,ppty Co 
A15 Otyod., St. 

Shreveport 
"''er,tote floct,oc Co. of Shte .. po,t, Inc. 
630 Sp,,ng St 
Koolernoy Solet Co 
110CrockettSt 

MAINE 
Auburn 

Rodoo Supply Co, Inc 
26vouSt 

Bangor 
Rod,o S..Voce Lobo<otory 
76 hchonge St 

Portland 
Ma,n, Electronoc S.,pply Co,p 
U 6 A~uonSt 
Rod.o Servte.e lobofot«y 
100-4 ('onqtit\'\ S, 

MARYLAND 
Baltimore 

Henry O Sermon Co , Inc. 
12 Ecnt L01nbotd St 

Kon,,-Eli.rt Eloctrona k,c. 
9 Souih Howo,d St. 

lodt0 E'-ctr,c SetvteeCo. 
5 No,th Howotd St. 
Whoietole Rodro Port, Co k,c. 
3311 Welt 8olt,rno,e St. 

Cumberland 
z.,,,,,,.rlond Whole,ofen 
162 8edlc<d St 

Hagerstown 
11 A E Wothongton St 

Salisbury 
Almo Rod,o Co 
219 H,ghlond Ave 

MASSACHUSffiS 
Boston 

0.Mambro Rod,o Supply Co 
1111 COfflfflor!weolth A,. 

Cenerol Eloctroc Supply COip . 
1•5No<th8-on 
Hotry & You<>g of Mou., Inc:. 
O -,u eo.--nh,11 
The lou1J M. Hefrnon Co 
885 8oyl11on St 
A.WMaye,Co 
895 8oybton St 
Rod,o Sh«k C0<p. 
167 Wosh.ng•on S1 
RodlO W,re T•lni..on, Inc 
110 f«ierol St 

Brockton 
Wene Rod,o Supply Co. 
913 Conte, St 

Cambridge 
The Eotte,n Co 
420 Memoriol Or,ve 

Eloctt.col Supply Co,p 
1739 Mo,,ochu,.H\ Ave. 

Fitchburg 
Hotty & Young of Frtchbuc9, Inc. 
390 Wote, St. 

Holyoke 
Ool .. Elec1t1«1I Supply Co 
271 Appleton St. 

Sp,,ngf"ld Rod,o Co. 
93 Hrgh St 

Lawrence 
Hotty & You<>g ol Lowrence, Inc:. 
262 Lowell St • 

New Bedford 
C. E Beckmoo Co. 
l t COffiffletC.IOI St 

Pittsfield 
~ .... r,.ld Rod,o Co 
oil WntSt 

Springfield 
T F Cush,ng 
3A9 Worth,ngton St. 
Hotty & Ywng o1 Sp,,ngl,eld, Inc 
169 Sp,,ng St 

Rrgo Electnc:ol C«p 
376 Wo,tlungton St 

So.,,,dco Electtonoc S.,pply Co 
I Al Dw,ght St. 
S,v,ngllold Rod,o Co. 
.0) Dw,ght St 

W.11,nghouM Eloctnc: Supply Co. 
'6 Hornpden St 

Worcester 
0.Mambto Rodoo Supply Co., Inc. 
mSummerSt. 
Rod,o Eloctronoc Solti Co 
52 Chondler St 
RodlQ Mo1t1tenonce Supply Co. 
80 ~ St 

MICHIGAN 
Ann Arbor 

Pu, , ho~ Rocho & Comtfa Snop 
W\ (~._,,ct-~ 

Wedenieye, ElecttonK Supply Co 
215 North Ath Ave 

Bottle Creek 
Elect,onoc: Supply Cotp 
9, Hc,mbllll'I ,.,.,. 

Boy City 
KW'd. Or1,t1,butong Co 
50A Wo,lungton l\ve. 

Detroit 
M. N Duffy & Co 
,o.o Grond R1vef A.,. w 
Rodoo E!oct,onoc: Supply Co 
l112WMtW0ArenAve 
Rodt0 Spec.,oh1es Co 
AS6 Cho<lotte A .. 

Flint 
Shond Rod,o si-<oolt'*' 
103 Wes.t Keor,-~y St 

Grand Rapids 
Rod,o Elochonoc: Supply Co 
505 J•fl•non Ave. SE 

Jackson 
Fulton Rodoo s.,ppty Co 
265 W.11 C0ttlond St 

Kalamazoo 
Eloct,onoc: S..pl)ly COip 
906 Eo,1 Ml<h~ A..,.. 

Rolph M. aot,1on Co 
201 No<th Pora St 

Lansing 
W~ye, Eloctroooc Supply Co. 
2005 Eo,t M>chrgo,, Ave 

lorium 
No<th-t Rod,o 

Muskegon 
Fot,po1roc:k Electr,c S.,ppy Co 
4« I~ "' Ave , Co, Wood 
8ell.l.OU1'1ffl Electron.c,. Inc: 
1839 Peck s, 

Pontiac 
Elect,onoc: Supply Co. 
2'8 Eos;t P1lce S, 

MINNESOTA 
Duluth 

Lew Bonn Compooy 
m Ecnt Super'°' St. 
No<thwe,,Rod,o 
123fo1t ht St 

Minneapolis 
Lew Bonn Cori,pony 
1211 LoSolle Ave 
Ele<-trOt"l.e c..--,.,, h\c. 
107 3<dA,. No 

No<tlowe,1 Rod,o & floctronoc Supply Co 
52 South 12th St 

Stort. Rod,o Supply Co 
71 South 12th SI 

St. Poul 
Lew Bonn Co. 
IAI-IA7 W..t 7th St 
Holl E&ectoc: 
S66Nol'thllob.rtSt, 

MISSISSIPPI 
Jock$on 

Swon Omnbuttn,g Co Inc. 
3A2 N Gollot,n St P O 8o• 3201 

MISSOURI 
Butler 

Henry Rodto 
211 Nortl, Ma,n St 

Cope Girardeau 
SuedeauM Elocttorn< Supply Co 
902 South Sp,,gg St • P O Bo• 221 

Joplin 
• •Store Rodro & Supply Co 
201 Moon St 
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Kansas City 

e.,.,. ... ;,ppleboe Compony 
1012-1• McC.. St. 
Cont.,..tol Electfoc Co. 
1321 W.,t 13'+,St 

EiKtr<>Crofb 
1305Sw,h Notti, 

Rod,olob 
1612 G,ondAve 

Poplar Bluff 
Tri-Stai. Rocho & Supply Co. 
118 Bonlett St. 

St. Joseph 
/vJM Rocho Supply 
110 North 91h St 
St Jowpl, Rod,o & Supply Co. 
922-2• Fronc•s St. 

St. Louis 
At-ko Engineenng, Inc;. 
1319 So<,th --t..­

Wolt..- Aohe Rodo0Co. 
1125 p,,.. St 

ln*llot• Sl.,pply Co 
26 So<,th I 0th St 

Rodonoa 
SCMO Eo1t01"1 A..,. 
\Ion Socklt Rod,o 
1113 Pono SI. 

Springfield 
Ho")' RNd R'>d,o & Supply Co. 
905 Boonv,llt Ave 

MONTANA 
Billings 

Eltc:•ronoc Supply Co 
21 • - lllh SI. W.11 

Butte 
S..,th Supply Co. 
• 25 So. At0<ono St 

Great Falls 
0.... Londgten Co. 
P. 0 Box 966 

Missoula 
Notthwe,t Outnbuton 
509 So<,th H,gg,ns Ave 

NEBRASKA 
Lincoln 

Hoch Rodo0Co. 
1•22 0 .. St. 

Leuck Rod,o Supply 
2•3 Soufh 11th SI 

Omaha 
J. 8. O,itrobuhng Co 
1616Cou SI 

Omoho App!oonc• Co 
18th ond St Mo,y • 

Rocho Equ,pment Co 
2852 Dooglo< St 

Scottsbluff 
Jooq,,,m Rod,o Supply, lc,c. 

1913 8,oodwoy • P O Box 67 

NEVADA 
Reno 

Ed Ho,m Rodt0 & Eledronota 
118SW.l~Aw,. 

NEW HAMPSHIRE 
Concord 

Evans RodtO 
P. 0 . Box 312 

Dover 
...,_oconRodtOCo,p 
510 C.ntrol Awa 

Manchester 
~mb<o RoJoo Supply Co 
1308 Elm SI 

Rocho S.IVIC• lobof"otory 
670 Che11nut SI 

NEW JERSEY 
Atlantic City 

A1mo lo<fio Co 
4401 '/enlnof /\.-e 

Rod,o Electroc S.,-.,,C:. Co. 
,06Nonl,Albony 

Comden 
Alrno Rodoo Co 
1133-35-31 Haddon Ave 
Rodoo EIKtrK S.tvtee ol N J., Inc. 
513-515Coopo, SI. 

Newark 
Cont...,,tol So ... Co. Inc. 
Bloomfield Ave 01 North 11th St. 

Fed.rof«I l'vrcho.., Co,p. 
114 Hudson St. ot C.,ntrol Ave 

Aoron Lippman & Co 
99-107 N.-1< St 
Rocho W1r•Te1evl$JOI'\, tnc.. 
'24 Central ,,._.,,. 

W..t-,ghou .. Eltctroc Supply Co. 
528 Fe,,.,s, 

New Brunswick 
W,lloom Rod,o Supply Co. 
1861 Woodbndge Ave., Ro<ii. •3 

Trenton 
Allen ond Hu.-lty 
25 So<,tt, Wo«en St 

NEW MEXICO 
Albuquerque 

Rod,o Equ,p,ne,,t Co. 
523 EoJI Control A,,._ 

L. 8 Walker Rod,o Co, Inc. 
11 • West G,onite A,,,.. 

Roswell 
Sup,..-ne Rod,o Supply 
129 W.11 2nd SI 

Sonia Fe 
A-I Commu-mcchOn$ Supply Co 
110 W.s.t Potoc:e Ave 

NEW YORK 
Albany 

Fort o,.,_ o .. 1r.i..1,ng Co 
90'8,oodwoy 

E. E. Toyto, Co 
'65 Centro! Ave. 

Amsterdam 
Ad,rondok Rod,o Supply 
P. 0 8o, 88 

Binghamton 
Fed.rot Rod,o So ... & Supply Co,p. 
188 Slot• SI 

Brooklyn 
PNr"9M Eltdronta Dutttbutors Co,p 
76 W,llot,gl,by SI 

Buffalo 
Oyrnoc, Inc. 
1329 /l'<J•nSt 
C..- Rod10 & Pam Company 
205Ge ..... St. 
Rodt0 Equ,p,ne,,t Co,p. 
1 • 1 a.,,._ St 

Cortland 
C. A W,n<hell Rod,o Supply Co. 
31Centrol A.ve 

Fredonia 
Borke, H,gbee, Inc. 
27 \Voter St 

Hempstead 
Stondord Porn Co,p. 
217 No. Fronklon St 

Ithaca 
Stollmon of lthoco, loc. 
123-131 So<,tt, T ,ago St 

Jomoico, l. I. 
HoNISOtt Rocho Co,potohon 
172-31 H,11,od. Ave 

Normon Rodoo O.wob.ton, Inc. 
9• -29 Merroc:k Rood 
PMtles..s RodlO O.s.t...butors W . 
92-32 MertKk Rood 

Mount Vernon 
OoYts. RodlO 0,\k1~11ng Co 
66 EMI kd St 

New York City 
As-row Et«tron1a Co 
82 Cortlonch St 
Eledron.a Center Inc. 
1180..-SI 
Fed.roted P\lrd10w 
660.y St 
Grand Control Rodoo 
12• Eo11UlhSt 

Homson Rocho C°'p 
225 c,_,.,,ch St. 

Horvey Rod,o Co. Inc. 
103 W..1 •:ltd St 

Hud- Rod,o & Tei.."'°" Co,p 
.S W..1 38th St 
Hud- Rod,o & Teltvo,,on Corp. 
211 Fvlton St. 

life ElectronK So'9s. 
:i.5 a.oodwoy 
M.dwoy Rodt0 & Tele1111,10n Corp. 
60 W.,t •Sth St ' 
M,lo Rodeo & Etect,onia C«p 
200Gr-wochSI. 
Rodt0 Wire Tel~s.lOtl, Inc.. 
100- 61hA,,._ 

Sanford Electfono Co,p. 
157 ChombO<I SI 
Sun Rod,o & tiKtronocs Co., Inc. 
122-12• DuoM St. 
Termtn0I Rocho Corp. 
85 Cortlandt St 

Rochester 
Hunter Electron10 
233 Eoll Ave. 

.. 

Mcul,ne Rod10 & Electfonoc Equ,p. Co. 
192-196Cl,nton Ave .. North 

-,..,., Rodt0 Supply Co 

11.St.PoulSt 

Syracuse 
we. a...nc1t 
655 So<,tt, Warren SI. 
Rodoo Supply Co 
200WohonSt 
Stewort W . Sffitth. Inc. 
325 Eoll Wof..- SI 

Utica 
8-on Eltd,on,o, Inc. 
1, Cothenne St. 
\loot!, Eltctr,c: Co. 
35 a.,,._ St. 

Watertown 
8-on Electfonoc:s, Inc. 
108 Lm<Oin Bldg 

White Plains 
W.s.tchelter E\«tronJC: Supply Co. 
,t'20 Momoronodt Ave. 

Yonkers 
Yon.hrs E.lect,ontit Svppty. Inc. 
S. I Nopporhon Ave 

NORTH CAROLINA 
Asheville 

Fred< Rodoo & Supply Co. 
38 B•ltmore Ave. 

Charlotte 
Omo Rodoo Supply Co , Inc. 
11SWwMo<oheod 

Show 01.Jh'tbuting Co. 
205w .. , ht St 
Soufh«n Rod,o Co,p. 
1625 W... Mo<oheod 

Greensboro 
Johonnnen Electnc Co 
312-1• Norlh e_,. SI • 
So<,"'-o...,.n Rod,o Supply Co. 
.a, Nori!, &,g.n. St. 

Raleigh 
Rocho Amoteur Cente< 
• 11 H,llsboro St, 
So<,1t,..,,i.,n Rod,o Supply Co. 
• IS H,llsboro St. 

Winston-Solem 
DollOfl Hoge Rodoo Supply Co. 
92• W... . ... St. 

NORTH DAKOTA 
forgo 

8ostol 0.$1nbuhng Co. 
419 N P. Ave. 

Forgo Rodoo Sem« Co 
'15 . 3td Ave Noni, 

OHIO 
Akron 

Olton Rod,o Woreholn.e, Inc. 
13 foll Moll St 
The Sun Rod,o Co 
110 Eoll Mo<ht St 

Ashtabula 
W,oru-SOl'l's Rodt0 Supply 
331 Conte< SI 

Conlon 
Anmtrong s Electronic Cente< 
1261 Cl.....iondAvenu.Nor1hwe>I 
w,,. .... Rod,o & Toltvu,on 
111- 12th St., N.E. 

Cincinnati 
Cho-. Eltdronoc: S..pply Co Inc:. 
1667-11 Control Por\woy 

Herrllnger O.m-bul,ng Co. 
1 Sth ond v,,.. Sn. 

t-tu,ghes P-elers, Inc.. 
112a si,co-• St 
The Mytroroc. Co. 
121 Wut Cenlrol Parkway 

The SclMter Eltdtoc: Co. 
319.21 e ... , a11, St. 
Ste1nberg's, Inc. 
633'MllnutSt 
Ur,,ted RodtO, Inc. 
131• V,ne St. 

Cleveland 
Northern Qh,o Loboro<orret 
2013 W... 8Sth St 
,_ Rodoo Supply Corp. 
211 S Pr-tAve 
The P,og,.,, Rod,o Sul'l"f Co 
• 1 S Huron Rood 
Rodoo & Electfon,a Port Co,p, 
3235 Pr-, Ave. 

Wtntetod10, Inc. 
1 '68 W..t 25th St 

Columbus 
Hu-ghff.Pet«s, lnc. 
111-IHa.t Long SI 
Thompson RodtO Suppl, .. 
182 Eoll Long SI. 

Dayton 
H.ghe>-Pe1..-._ 1nc. 
300 W..t 5th of P..-ry 

S,epco~ Inc. 
135 Eo,t 2nd St. 
S1o1t1•foedmon Co 
620 Scwth Moon SI 

East Liverpool 
D & R Rod!o Suwly 
631 DrndonAve. 

Limo 
l1R10 Rocho Porn Co. 
60C North Mo,n SI. 

Springfield 
Ebe<I• Rod o Supply 
S:1'2 w-,.., Moon SI 
Stood<ud RodtO- Sf)nnufle!d, k1c 
119 \~I Moon St. 

Steubenville 
D & R Rod<o Supply 
156Soufh3tdSI. 

Toledo 
The H & W Auto Ac:<.,_re, Co 
26 Notti, 11th St. 

lifetnM Electronta 
1501 OS Adami Sf 
Wor,en Rodoo Cornf)Ony 
1320Mod,-Ave 

Youngsl"wn 
Rod,o Ports Co. 
230 8oordmon St 
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Rc,ultod,ou,mpony 
32S W.., F.do<ol SI. 

M. V, -.,f\oldCo. 
937 tibo<ly Avo. 

JodioP-'-r 
6339P1MAvo. 
Ty,Ings Company 
SIOO Bou'" Blvd. 

Nashville 
lfo,dE'-icCo. 
1100 O..-t,,...,. SI. 

Eloclro 0.>1nbuling Co. 
191 • W., W A ... 

W..t Toxo, ltod,o s.ppty 
1007 A-"°0 

McAllen 
Ito tod., s.pply Co. 
P. 0 . Box 168 

OKLAHOMA 
Oklahoma City 

Jodio Supply, Inc. 
n • NorthH""'°" 

Reading TEXAS Son Angelo 
Tulsa 

Ele<tron,c s.pp1.., 
219 Eo,t ht SI 
lnd.,tr,ol El.clfon,c Supply, I"" 
112Ho,• •th SI 
0.1 Cop,foi Er-onoa Co,p. 
923Eost•II, SI. 

todoo, Inc. 
1000Soull, MoinSI 
s & s Rod,o Supply Co. 
n1 S. Dttro,t SI. 

OREGON 
Eugene 

Co,lson, Hotton & Hoy, Inc. 
\l6EO>I 10th A.._ 

Un•od Rodoo Supply, Inc. 
179W.., 8th SI. 

Medford 
lle<I G. Wolke, Co. 
P. O. lox 1586 

Portland 
C..,trol 0.>lnbuton 

George O. lotwy Co. 
2nd ond Pono Sb. 

Scranton 
Fred P f'vn•II 
548-50 Wyon,ong Avo. 
Sctonton t odoo & We""'°" Supply Co. 
519-21 Molboffy SI. 

Uniontown 
LmrMrmon Wholet0l.n 
55 Motgontow,1 SI. 

Wilkes-Borre 
Rod,os.t,,,otCo. 
346 So.II, Moon SI. 

Williamsport 
Will-,,on Jodio Supply 
518w..t3tdSI. 

York 
YO<I< Rod,o & Rel,_ot_ Pom 
263 Wwt Motkot SI. 

RHODE ISLAND 
Providence 1135 S. W. Wo.ii.ngton SI. 

Fleffl;ng & COMpOOy Wm. Oondrota & Co. 
N.W. B<ood"'OyotRondet> 129 R-, A ..... 
Harpe,-~ Co ~o t odio Supply Co. 
1506 N.W . ltv1ng SI. 90 lfoodway 
i.... Jolwon Co., In<. W. H. Ed"'O,ck Co. 
• 22N.W. 8thA...._ 9• 8,'00dwoy 

--ltodoo Supply Co. SOUTH CAROLINA 
717 s.w. Anl< .. y SI Charleston 
Pacil',,: Slot,_.,, -lo ltodoo o.p,. todoo L-
• 1• S.W 2nd Avo. ll5 K SI.....,_ 
Portlond to,f,o Supply Co ,ng • 
1 JOO_, a..-,i. SI. Columbia 
$tllbbo ftedroc Ca. 
33 N.W. Pork A ..... 
Un,tod Radio Supply, Inc. 
22 N.W . 9th Avo. 

Solem 
Lou Jolwon Company 
1051 Sc,.,11, C:-cool SI. 

PENNSYLVANIA 
Altoona 

Holienbod'• 
ml-3-5E,glolh A.._ 

Bethlehem 
Bu,, ltodoo Eloctnc: Supply 
61-63 Ec,,l lfood SI 

Erie 
J. v. Ountornbo Co. 
1011 w.., 8th SI. 
'Mlrret1 todio, Inc. 
12"'ond Sloi.Sb. 

Harrisburg 
Rod'° 0.llnbuftnu Co. 
915 Soull, 13th SI. 

Philadelphia 
A. c. t od .. Supply'Co. 
1539 W.., Polly,,M Aw,, 

A!MOJodioCo 
509 Arth SI. 

AIMOtod .. Co 
6205 Morl<ot SI. 
A!MOlodioCo. 
• 12, 16 No,11, 6"' SI. 
Comolodotod Rod., Co. 
612AtdlSI. 

- & -. Inc. 
1205 Cuthbon SI. 

M & H Sporting Goods Co. 
512 - SI. 
Rod,o f'-,c S.,,,,O. Co. 
N.W. Co,. 711, ond Nd, Sb. 

O,xie todio Supply Co., Inc. 
1700 lourol SI. 
-,,.,. Rodoo Pom Co. 
1513 Taylot SI. 

Greenville 
o;,,. Rod., Supply Co., Inc. 
22So.ll, t .-ckonSI. 

Spartanburg 
McE"-noyCo.,lnc. 
204 SI. John SI. 

SOUTH DAKOTA 
Aberdffn 

llurgl,o,dt Radio Supply 
P. O. 8ox 342 

Sioux foUs 
Po- C:.ty todio Co. 
209Sc,.,11, ht Ave. 

Watertown 
llurghordl todio Supply 
P 0 . Box'1 

TEN NESSEE 
Bristol 

todon Eloctncol Supply Co. 
10H C111 Slate SI. 

Chattanooga 
Spec,olty 0.>lnbuhng Co. 
135 Morkot St. 

Jackson 
l. K. t u,/, (Offlf)OOy 
103 Highland 

Kingsport 
0-.Coty todoo & Eloctnc: Co. 
1019 8ru1ol H,gl,way 

Knoxville 
Chtmoty tod,o & Elodnc Co. 
12 Emory Po,\ 

todoo Elect"< Sotvoco Co. ol POMO., Inc. 
3412,U 0...MonlownA.._ 

todon Electrocol s.pply Co. 
808 No,11, C...rol A.._ 

Albtrt s.-i,.,9 & COMpOOy 
2520 North lfood SI 

Eugeo.G. Wolt 
218 Soull, 1111, SI. 

Pittsburgh 
Cor,wodoo 
1121 P...,Aw,. 

12 1-52 

Memphis 
llufl Coty 0.>1nbul,ng Co. 
905 Unoon 11 ..... 

Lo-,dor lodio Supply Co., Inc. 
180 Soull, Cooper SI 
w & w 0.llf.but,ng Co. 
639Mod"°"Ave. 

Abilene 
R & R Elodron,c Co. 
802-• woi,,., SI. 

Amarillo 
t & t Electronoc Co. 
707Ado<mSI, 
w..i Toxo, tod,o s.pply 
l 026 W.., 61h SI 

Austin 
The Hor9"Co. 
706Wost61hSI. 

Beaumont 
Moniog,,t lod,o 0.llfibuhng Co. 
760 loOftl SI. 

Brownsville 

Gvnt• Whol.olo Co. 
606 Soull, ltv1ng SI • P, 0 Box 1505 

Son Antonio 
AMOI- Heodquorten & s.ppty 
P 0 . Box 5086, 8oacon H,11 SI-
ElectronfCS Inc. 
616 lfoodway 

Mlut0n lodto, Inc 
Po. Box 2•87 
Rodio & TelevtMOn Potts Co 
118-20 S.V..th SI 
l,o ltod,o S.pply Co. 
818 So,, Pod,o 

Slrout-Fronk (Offlf)OOy 
301 So.rt, Flot11 SI. 

Tyler 
E~romc Equ1pmen1 & Eng1nMtM"19 Co 
1152 Eo,t Mod,,cx, SI 

La .. ndor Rodoo Supply Co. 
502E0110oi<wood 

Corpus Chri sti Waco 

Eloc!ronoc Eq.,_, & eng_,ng Co. 
805 So.rt, SI°""' SI 

The Har9" Co., In<. 
1205 Wo,1,,ngton AYO. 

Wichita falls W,cu,0.V,lbw Co. 
513-15 Soull, Slopi41 SI. 

Dallas 
Uobh'N I -lo tod,o 
2608RouA ... 
lnd.ltrool Eloctto,,,c Swply, Inc. 
134 lo~,. SI. 

Ito-Toi, In<. 
2409 loo, A ... 

So,llh_. Rodoo Supply 
1820No,11,HcxwoodS, 

Wilk.ns,on lro&. 
PO. lox 1169 

D•ni$0n 

. °"''""' todoo Supply 
3l0W.., Woodo<d SI. 

El Paso 
C. C McN,col 
811 Norll,birollo 
MKlto.id Spec,oity Co 
425 W.., So,, An1onoo SI. 

ttee..lod..s.p,,ly 
720 No,11, Slo,,ton SI. 

fort Worth 
Elodron,c Equ,_. Co. 
9l7,19floteoco SI. 

Fr. Wort+. Rod'° S.pply Co. 
1201 CotMM<ce SI. 

Scootor'• todoo Supply Co. 
509C:-ceSI. 
8,11 S..-'1 Whol-to El-onoa 
eon,,_._ ol S,h SI 

Houston 
!Moder Ele<ttonoc £quo-• Co. 
1721 Wo,.11/o Onvo 
Eloctron,c Pom Co 
3508 Ctowlord SI. 
Gtophy,.;ol Supply Co. 
P. O 8ox221• 
tobon E. Ftonl<Jon Co. 
1905 0,on,.. St 

GvH Coo>I £1-onoa 
1110 W-• SI. 
R. C. & l. Holl, Inc. 
1219 eo,o1.,. SI 
Hon-Eqv,_. Co. 
U22 So,, Joconto SI. 
Howton todoo Supply Co., Inc. 
Cloy Of lo&onch 

Lono,1Cofflpony 
2213Cong,OIIA ... 
51.tl,ng Rodoo Prod<ict>Co 
1~16 Md(oMty A .. 

Slra,,..Fronk Compony 
4000 ltolond Aw,. 

Loredo 
Guoranlff ltodoo s.ppty Co. 
131• l!vrbodo SI 

Lubbock 
u t s.ppty Co., Inc. 
706 Mo .. SI 

Clork & Go.. Rodoo Supply 
l2031nd,onc,Aw, 

Moonty todoo Supply Co. 
P 0. 8ox969 

UTAH 
Ogden 

8ollord & Cort., Co. 
2•28 G<o,. Aw,. 

Solt lake City 
O'lougt,l,n'1 ltodoo Supply Co 
113 Eo>1 8rood"'Oy 
ltod.o Supply Co. 
1571"'1AorAYO. 
S. R. Rou, Inc. 
1212 So.rt, Sloto SI. 

Slarodord S.pply Co. 
531 South Slate SI 

VIRGINIA 
Bristol 

1,.,,o1 tod .. s.pply Co,p. 
31-eSI. 

Lynchburg 
EO>lom Ele<tric Co. 
920 Commerce St 

Norfolk 
todoo Eqv,_. Co 
821 W.., 2111 SI. 
tod,o Pom Oult,but,ng Co. 
128 _, Olney tood 

llodio Supply Co. 
711 G,onby SI 

Richmond 
The Nnoid COfflPO"Y 
2810W..t Monholl SI. 
lodio Supply (OMpOOy 
3302 w..t llrood SI. 
Wyott-Com,d, Inc. 
Groce at I 4th SI. 

Roanoke 
H. C. loke, Solo, Co .• Inc. 
19 Ftonldin Rood 

WASHINGTON 
Bellingham 

Wa,tku, Supply Co 
110 G,ond Aw, 

Everett 
l'nnglo Rod .. _ .. Co 

251' Colby Ave. 

Seattle 
Aloda Rod'° Supply, Inc. 
18'-<Westlol<eAw,Norll, 

Ele<tronoc Supply Co,p. 
6JOS •9thA ... S.w 

Horpe,-..MegQN, Inc. 
960 ltopw/ocon SI 
Sl:oclt.o Procwct1 SoJes Co., Inc. 
1214 f1n1 Ave 

Soottlo tod,o s.pply, Inc. 
2117 Second A .. 

W....,,, Er-onoc S.pply Co. 
717 0.,:te, Ave.. 

W.11lob Elodtonoe Supply 
SIi W..,toko A .... No,11, 

Herb E Zot,,,,i Co. 
2121 w..lloh Avo. 

Spokane 
Coluonb,o Eie<troc & Mfg. Co. 
So<lth 123 Woll SI 

Horpo,..MegQN Ca. 
North 734 Dlv110"1 

North-I Bectronoa Co. 
North l02Monrot51. 

Tacoma 
C & G Rodoo Supply Co. 
2502-6 Joflonon A .... 

A. T. SI--' Co 
7 ,tJ &ood"'Oy 

WollaWollo 
Kor todoo & Eloctr,c Co. 
12th ond Pine St1. 

WASHINGTON, D. C. 
Cop.fol tod.o Wholo,olo,, 
2120 - 14th SI. NW. 

Elocttonoc -lot• Inc. 
2345 51,orMOn Aw,. N .W 

0..-ol EJoct,oc Supply Corp. 
705 Edgewood SI N E. 
Kenyon tod,o Supply CoMpany 
2020 • 14th SI N W. 
ftud,.o, todoo Wholo,olon 
l3l2 , 1'1h SI N.W. 

Sc,.,tt-,-. lnc. 
707 Edgewood SI N.E. 

S...Rod<O 
938 f ' SI. N.W. 

WEST VIRGINIA 
Charleston 

Oomc,ty tod,o & E'-c Co. 
103 Clondon,n SI 

Clarksburg 
Trenton tod.o Co, 
791 P.koSI. 

Huntington 
Er-on,c Supply, In<. 
•22 Et-,t,SI. 
K,ng & lrw,n Inc. 
316 Elovonll, SI 

Morgantown 
T,..1on Rod.. Co. 
300 Gronr A.111t. 

Wheeling 
0.-al El«lronoa 0.llnbutan, Inc. 
26 Tonll, S, 

WISCONSIN 
Appleton 

Apploton todoo Supply Co. 
1217Norll,R,cl,mondS1. 
Volley lodoo 0.llrobutorl 
SI 8 North App1ofon s, 

Madison 
Sotterllold lodoo Supply 
326 W..1 Gorham SI 

Marinette 
G. M. Pophy Co 
Matti ot9th Sf 

Milwaukee 

C..,trol todoo '°"' Co 
1n3 w.., fond c1u Lac A .. 

Eltctro-PhonQ1 Orstnbuton, Inc. 
2548W..,L,tbot,Aw, 

Jod,o '""' Co . Inc. 
536-38 Welt SIOle S, 

Wausau 
lod,o S.,,nn & Supply Co 
615 Tlurd SI 

WYOMING 
Cheyenne 

Houvolodoo&SupplyCo 
2008 Corey Aw. 
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VACUUM TUBES 

TUBE TYPE PRICE TUBE TYPE 

2-0lC $ 15.25 6C21 
2-25A 11.00 KY21A 
2-50A 13.75 RX21A 
2-150D 19.25 25T 
2-240A 66.00 35T 
2-2000A 214.50 35TG 
2C39A 34.00 75TH 
3K20,000LA 2,975.00 75TL 
3K20,000LF 2,975.00 100TH 
3K20,000LK 2,975.00 lOOTL 
3W5000A3 198.00 152TH 
3W5000F3 198.00 152TL 

- 3W10,000A3 957.00 2501 
3X2500A3 198.00 250TH 
3X2500F3 198.00 250TL 
3X3000A1 198.00 253 
4-65A 20.00 304TH 
4-125A 30.25 

304TL 
4-250A 41.25 

450TH 
4-400A 60.50 
4-lOOOA 132.00 450TL 

4E27 A/ 5-125B 35.75 592/ 3-200A3 

4PR60A 90.00 750TL 

4W20,000A 1,850.00 866A 

4X150A 48.00 872A 

4X1 SOD 48.00 1000T 

4X150G 54.00 1500T 
4XSOOA 121.00 2000T 
4XSOOF 93.50 8020(100RJ 

VACUUM CAPACITORS 

TYPE PRICE TYPE 

VC6-20 $15.00 VC50-20 
VC6-32 17.25 VC50-32 
VC12-20 16.50 VVC60-20 
VC12-32 20.00 VVC2-60-20 
VC25-20 20.00 VVC4-60-20 
VC25-32 23.25 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

I 

PRICE 

$ 77.00 
13.25 

9.00 
9.00 

10.50 
16.00 
13.25 
13.25 
18.25 
18.25 
28.75 
28.75 
22.00 
33.00 
33.00 
20.50 
60.50 
60.50 
77.00 
77.00 
30.25 

137.50 
2.10 
8.20 

137.50 
220.00 
275.00 

15.00 

PRICE 

$ 24.25 
27.50 
66.00 

147.50 
284.00 

,,. . 

HEAT DISSIPATING CONNECTORS 

TYPE PRICE TYPE PRICE 

HR-1 $ .60 HR-6 $ .80 
HR-2 .60 HR-7 1.60 
HR-3 .60 HR-8 1.60 
HR-4 .80 HR-9 3.00 
HR-5 .80 HR-10 1.60 

AIR SYSTEM SOCKETS 

TYPE 

4-400A/ 4000 
4-400A/ 4001 
4-400A/ 4006* 
4-1 000A/ 4000 
4-1 000A/ 4001 
4-1 000A/ 4006* 
4X150A/ 4000 
4X1 S0A/ 4001 
4X1 S0A/ 4006 * 
4X1S0A/ 4010 
4X1 S0A/4011 

" Repl1tement Chimneys 

PRICE 

$16.00 
12.00 

6.00 
22.50 
17.00 

7.50 
18.00 
17.50 

.60 
20.1 5 
19.70 

PREFORMED CONTACT FINGER STOCK 

17 /32" - - - -
31 / 32" • -
1 - 7 / 16"· · 

PRICE 

$1.65/ k . 
1.80/ k . 
2.00/ k . 

VACUUM PUMP & GAUGE 

TYPE 

HV-1 
Pump Oil • Qt. 
100 IG 

PRICE 

$125.00 
5.00 

22.50 

VACUUM SWITCH 

VS-2 
12V Coil 
24V Coil 

PRICE 

$13.25 
11.75 
12.50 

Printed in U.S.A . 4-710,1 

-
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0 UGH, IN c. 

Eimac 
Tube Type 
Numbering 

System 

Since 1945 all new tube types developed by Eitel -McCullough, Inc., have been given a type 
number chosen according to a coded numbering scheme. This system is designed to convey descriptive 
information about the tube. 

To illustrate the method of coding and the information the type number conveys, a 2 ½ kw forced­
air cooled Eimac triode, type number 3X2500A3, is broken down as follows : 

3X2500A3 

Number of Electrodes 
2 Indicates Diode 

3 Indicates Triode 

4 Indicates Tetrode 

5 Indicates Pentode 
etc. 

Description 
•R or - Radiation cooled, internal anode. 
X External anode, air-cooled tube. 
W Water-cooled anode. 

Plate 
Dissipation 

(Watts) 

PR Intended for pulse work, radiation cooled, 
internal anode. 

PX Intended for pulse work, external anode, air­
cooled. 

PW Intended for pulse work, water-cooled anode. 
•In type numbers chosen for future tubes, the letter 

"R" will be used in place of the dash to indicate a 
radiation cooled tube of the internal anode construc­
tion. 

Copyri9ht 1950 Eitel -McCullou9h, Inc. 

Mu Group 
1 Indicates mu from O to 10. 

2 Indicates mu from 11 to 20. 

3 Indicates mu from 21 to 30. 
etc. 

Version 
Indicates tubes which, although alike 
as to the number of elements and 
plate dissipation, are not necessarily 
interchangeable either electrically or 
physically. 

Printed in U.S.A. 64582 
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Eimac Tube Type Numbering System for 
Velocity Modulated Tubes 

( Klystron, TravellllHJ Wave, etc.) 

To illustrate the method of coding and the information the type number 
conveys, the Eimac 5 kw output Klystron for the lowe st third of the UHF tele­
vision band, type number 3K20,000LA, is broken down as follows : 

3K20.000LA 

Number of Cavities 
This is the number of interaction 
regions along the beam. A reflex 
klystron would be considered to 
have one interaction space; a travel­
ling wave tube with a distributed 
circuit would be considered as hav­
ing "zero" cavities because there are 
no well defined interaction regions. 

Type of Tube 
K Klyston 
TW Traveling Wave 
PK Pulse Klystron 
ST Space Charge 

Travelling Wave Tube. 

Dissipation 
RatinCJ 
(Watts) 

Venton 
Indicates tubes which, although 
alike as to the number of inter­
action regions, type, dissipation 
and frequency band, are not nec­
essarily in terchangeable either 
electrically or physically. 

Frequency Band 
Predominately an L-band tube 
Predominately an X-band tube 

etc. 

Printed in U.S.A. 1-71531 

wigfi
Stolen 2 Line Transparent
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BULLETIN 
NUMBER 5 

TUBE 
PERFORMANCE 

COMPUTOR 
SAN BRUNO. CALIP'ORNIA DEfAILED INSTRUCTiONS 

TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS I, C, AND FREQUENCY MULTIPLIERS) 

It is quite easy to make a close estimate of the 
performance of a vacuum tube in radio frequency 
power amplifier service, or an approximation in 
the case of harmonic amplifier service. Such es­
timates will give RF output power, DC input 
power, grid driving power and all DC current 
values. 

These estimates can be m~de easily by using the 
Eimac Tube Performance C6mputor and the char­
acteristic curves of a tube, plotted on plate volt­
age / grid voltage curves (constant current curves). 
Only the ability to multiply out figures taken from 
the curves by means of the computor is required. 

By graphically laying out the trace of the plate 
and grid voltages as they rise and fall about the 
applied DC plate voltage and DC grid bias a clearer 
understanding is possible of the action taking place 
within a tube. With such an understanding the 
operating conditions can be altered readily to suit 
one's particular requirements. 

Simple Action In 
Class C RF Amplifiers 

In an amplifier a varying voltage is applied to 
the control grid of the tube. Simultaneously the 
plate voltage will vary in a similar manner, due to 
the action of the amplified current flowing in the 
plate circuit. In radio frequency applications with 
resonant circuits these voltage variations are 
smooth sine wave variations, 180° out of phase ( as 
the grid voltage rises and becomes more positive, 
the plate voltage falls and becomes less positive) 
as indicated in Fig. 1. Note how these variations 
center about the DC plate voltage and the DC 
control grid bias. 

Let us now see how such variations of the plate 
and grid voltages of a tube appear on the constant 
current curve sheet of a tube. In Fig. 2 these 

!i 
~~ 

I 

-----1----+-----t---+-OC PUT[ 
110t.TOGE 
CJlvtR•Gtl 

11-...,...-"""r-____ ..,..___,...,._ ___ --::T=1M=-t-

?~,-...,..~-----....,...--_...,c:----.,--~f.;"'D 
!;; ~ (AvtAA«l 

So 
z > 

Figure 1 

variations have been indicated next to the plate 
voltage and grid voltage scales of a typical constant 
current curve. At some instant of time, shown as 
"t" on the time scales, the grid voltage has a value 
which is the point marked "eg" on the grid voltage 
sine wave. At this same instant of time the plate 
voltage has a value which is the point "ep" marked 
on the plate voltage sine wave. If now one finds 
the point on the tube curve sheet corresponding to 
these values (where a line drawn from "eg" and a 
line drawn from "ep" cross) he will be at point A 
in Fig. 2. As the values of grid voltage "eg" and 
plate voltage "ep" vary over the RF cycle, the point 
A moves up and down a line, which in the case of 
the normal RF power amplifier is a straight line. 
This line is called the "Operating Line." 

Figure 2 

Any point on the operating line ( when drawn 
on a curve sheet as in Fig. 2 or Fig. 4 ) tells the in­
stantaneous values of plate current, screen current, 
and grid current which must flow when those par­
ticular values of grid and plate voltage are applied 
to the tube. Thus by reading off the values of the 
currents and plotting them against the time, t, one 
can obtain a curve of instantaneous values of plate 
and grid current. See Fig. 3. 

11 ·;i.-- """",,......;:::..... ________ ::::...........:::::--

Figure 3 

A SERVICE DP' THE APPLICATION ENGINEERING DEPARTMENT DP' EITEL•MaCULLDUGH, INC. 
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If we analyze the plate and grid current values 
shown, we can predict that they will cause a DC 
ammeter to show a particular reading. This is 
called the DC component of the current. Also, we 
can predict that if the plate current flows through 
a properly loaded resonant RF circuit a certain 
amount of radio frequency power will be delivered 
to that circuit. If the circuit is tuned to the fun• 
damental frequency ( same frequency as the RF 
grid voltage) the power delivered will be due to 
tpe fundamental ( or principle radio frequency) 
component of plate current. If the circuit is tuned 
to a harmonic of the grid voltage frequency ( for 
instance, two, or three times the frequency) the 
power delivered will be due to a harmonic compo• 
nent of the plate cw-rent. 

The Eimac Tube Performance Computor gives us 
tl}e means to make these simple calculations. It is 
a means with . which to determine the DC compo­
nent, the fundamental RF component, or the ap• 
proximate harmonic component of the current 
flowing in a tube when the tube is operatj.ng as a 
radio frequency amplifier, and enables one to state 
what all meter readings will be, and to predict the 
RF output power and the required driving power. 
With these factors known we are then able also to 
forecas1 what will happen if any of the operating 
conditions are changed. 

Use of the Elmac Tube Performance Computor 

The Eimac Tube Performance Computor is a 
simple aid to enable one to select ~uitable values 
.from the characteristic curves of a tube, and by 
means of simple calculations to forecast the per• 
formance of the tube in radio frequency power 
amplifiers: 

The basic steps are outlined under "Instructions" 
on the computor. This requires selecting DC plate 
and grid bias voltages, being guided by the typicai 
operating values given on th~technical data sheet 
for the tube type and by general experience. Next, 
.a suitable "Operating Line" must be chosen on the 
constant current cur~es for the tube type ( plotte<i 
on grid voltage / plate voltage, scales). 

The comput<;>r when properly placed over this 
operating line enables one to obtain instantaneous 
values of the currents flowing at every 15° of the 
e1ectrical cycle. The formulas given on the com­
putor were derived by Chaffee• to give the various 
average and harmonic components of the resulting 
currents. ·Knowing these current component values 
and the radio frequency voltage values which are 
indicated by the use of the computor, one can read­
ily calculate the complete performance of the tube. 

The fundamental methods of making such com­
putations; and the considerations necessary to•stay 
within ratings of the tube types, and accomplish 
various forms of modulation have been covered in 
the literature.2 ,3 , 4 , 5 ,M The method for the case 
of harmonic amplifier service is approximate and 
should be used only for tetrode and pentode tubes, 
where the plate voltage has little effect on the 
amount of plate current flowing. A more exact 
method, showing that for harmonic operation the 

Page Two 

operating line is a simple Lissajon figure, has been 
described by Brown.• 

The results of using this computor for power 
amplifier service can be applied in combination 
with the other methods given in the literature to 
give good accuracy with simpler procedues. The 
resulting accuracy is well within the normal varia­
tion of tube characteristics due to the normal var· 
iation in manufacturing dimensions of a tube. Since 
the published tube curves are only typical of the 
chancteristics to be expected from a particular 
tube type, the calculated performance is well with• 
in the values expected when different tubes of a 
given tube type are operated under the assumed 
conditions. 

Example Showing Detailed Use of the 
Elmac Tube Performance Computor 

Radio Frequency Power Amplifier, Class C 
(Telegraphy or FM) 

Let us say we have an Eimac 4-65A tetrode and 
want to make it work effectively. Also let us say 
we have a 2000 volt DC plate power supply avail• 
able. 

Within frequency limits, we know a tube should 
be able to run in class-C amplifier service with 
about 75% efficiency, or, in other words, to con• 
vert 75% of the DC plate input power into RF 
output power. The difference, or 25% of the in­
put power, is dissipated or lost as heat on the plate 
of the tube. The DC plate input power is then 
about four times the power dissipated on the plate. 

The 4-65A tetrode has a maximum rated plate 
~sipation of 65 watts, so, to illustrate perform­
ance near the maximum rating, we'll choose an in• 
put power four times the plate dissipation, or 260 
watts per tube. At 2000 volts the plate current 
per tube must then be 130 ma. It is usual practice, 

~in t he case of tetrodes and the medium or low mu 
triodes in class-C amplifier service for the DC 
grid bias voltage to be roughly two or three times 
the grid voltage necessary to cut .off the flow of 
plate current. By referring to the curves of the 
4-65A we decide to use a DC grid bias voltage 
of -120 volts. 

Let us now locate the "Operating Line" on the 
constant current curves of the 4-65A. See Fig. 4. 
First mark"the point where the DC grid bias and 
DC plate voltage cross. The "Operating Line" must 
go through this point. Call it point No. 1. Next, 
we must decide what the peak value of plate cur• 
rent of the tube must be and how low we can let 
the instantaneous value of plate voltage go when 
the tube is passing this much current. This is 
necessary in order to locate the other end of the 
"Operating Line,'' point No. 2. 

The peak value of plate current usually runs 
about four times the DC plate current. The min· 
imum value of instantaneous plate voltage is us­
ually set by the fact that if the voltage is too low 
the grid and screen currents will be needlessly 
high, and also little will be gained as far as output 
power is concerned. The minimum value of plate 
voltage is usually in the region where the plate 
constant current curves bend upward. See Fig. 
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4. ( In the case of the triode this is near the 
"diode line" or line where the instantaneous grid 
and plate voltages are equal.) The practical pro­
cedure in calculating tube performance is to arbi­
trarily choose point No. 2 and complete the calcu­
lations. Then try other locations of point No. 2, 
complete the calculations, and compare the results. 

In the case of the 4-65A let us choose a peak· 
value of plate current about four times the DC 
plate current of 130 ma, or 500 ma. Let us choose 
a minimum instantaneous plate voltage of 250 volts 
and thus -fix the upper ~nd of the "Operating 
Line." Next, locate this point on the tube curves. 
This is point No. "2 on Fig. 4. (The plate currents 
which flow~at various combinations of pl~te and 
grid voltages are shown by the plate current lines. . 
The value of current for each line is noted. In­
between values can be estimated closely enough 
for our purposes.) Now draw a straight line be­
tween points No. 1 and No. 2. This line i& the 
"Operating Lin~" and shows the current and volt­
age values for each part of the RF cycle when 
current is be.ing taken from tbe tube. (The .non­
conducting half of th~ RF cycle would be sho~n 
by extending· this line an equal distance on the 
opposite side of point No. 1. However, there is. 
little use in so doing because no current flows 
during this half of the cycle.) 

The Eimac Tube Performance Computor· can now 
be used to -obtain the meter readings and power 
values from this 1.•operating Line. 11 Place the com-

~. • 
.0 ~ 
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putor on the constant current curve sheet so that 
the "guide lines" of the computor are parallel with 
the operating line. Now slide the computor about 
without turning it until the line OG passes through 
the DC voltage point No. 1 and _line OA, passes 
through the peak current point No. 2. Make sure 
the guide lines are still parallel to the "Operating 
Line." 

Note tliat the lines OB, OC, OD, OE and OF of 
the comp1,1tor all cross over the "Operating Lin-e." 

At each point where the lines OA, OB, etc., cross 
the "Operating Line" we need to determine the in­
stantaneous values of plate 'current and grid cur­
rent ( and screen current if a tetrode or pentode 
is- used) which is flowing at that particular mo­
ment in the RF cycle. Later, from these key values 
of current, we will calculate the values of DC plate 
current and grid current ( and screen current) as 
well as the RF components of the plate current. 

At each of these points, where the instantaneous 
current values are to be determined, a mark should 
be made on the constant current curve sheet of the 
tube. By noting where this mark lies with respect 
to the plate current curves, one can estimate the 
value of plate current flowing at this part of the 
cycle. Next, the location of this mark with respect 
to the control grid curves is noted and a value of 
grid current is estimated. Finally, by referring the 
mark to the screen grid curves, if the tube is a tet­
rode or pentode, a value of screen current is noted. 
These current values should be listed for each 

. 
EIMAC 4·65A 

CONSTANT CURRENT CHARACTERISTICS 
SCREEN VOLTAGE • 250 VOLTS 

1'1.ATI: CURRENT • AIIP'[R[ S 
SCREEN flRID CURRENT· AIIP'CIIU I--- CONTROL flRID CURR[NT·AIIP[R[S 
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Figure 4 
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point where the lines OA, OB, etc., cross the oper­
ating line so that they can be combined later to 
calculate the various tube currents. At points 
where OF and OE cross, the current values are 
often zero. 

Now in the example chosen, let us read off the 
instantaneous plate current values where these 
lines cross the "Operating Line." At the point 
where the line OA crosses the "Operating Line" the 
plate current is 500 ma. Where OB crosses the 
operating line the plate current can be estimated 
as 510 ma since the point is about 1 / 10 of the way 
from the 500 ma line to the 600 ma line. At OC 
the plate current is 460 ma, OD 290 ma, OE 75 ma, 
OF and OG O ma. Similarly we can estimate the 
instantaneous screen current at the crossing of OA 
and the "Operating Line" as 165 ma, and the in­
stantaneous grid current at 60 ma. Values are read 
for the other crossings and written down. These 
values are put in simple columns for calculating: 

Slmpllfted Crossing of Name in Instantaneous Values of Currents 
line Formulas Plate Screen Control Grid 
OA A 500 Ma 165 Ma 60 Ma 
00 B fil0 100 W 
OC C 460 25 30 
OD D 290 5 14 
OE E 80 0 0 
OF F O O 0 

Now in order to obtain the DC value of plate, 
screen, and control grid currents the formula ( see 
computor) says to add up the above values but use 
only one-half of the A values ( giving 250 ma for 
plate, 82 ma for screen, and 30 ma for grid), and 
then divide by 12, as follows: 

DC Meter Reading= l/12 (0.5 A+B+C+ D+ E+ F) 
Plate Screen Control Grid 

250 Ma 82 Ma 30 Ma 
510 100 50 
460 25 30 
290 5 14 

80 
Total 1590 Ma 212 Ma 124 Ma 
DC Current= l / 12 Total= 

132 Ma 18 Ma 10 Ma 

Now to calculate the RF output power it is nec­
essary to use the formula for the peak RF current 
which is present in the tube plate current. Since 
we are using the tube as a straight RF power am­
plifier we use the formula for ''Peak Fundamental 
RF" as shown on the computor. (If we were esti­
mating the performance of a doubler or tripler we 
would use the formula for "Peak 2nd Harmonic 
RF" or "Peak 3rd Harmonic RF".) 

From the computor we see that the formula for 
the peak fundamental RF current is: 

1/ 12 (A+l.93 B+ l.73 C+l.41 D+E+ 0.52 F) 
A= 500= 500 Ma 

1.93 B= l.93x 510=985 
1.73 C= l.73x 460= 796 
1.41 D=l.4lx 290= 409 

E= 80= 80 
Total = 2770 Ma 

Peak fundamental current= l/12 Total 
= 2770/ 12 = 230 Ma 

We now have . the various current values. In 
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order to calculate the powers involved it is neces­
sary to know, not only the DC voltage values, but 
the greatest amount each voltage swings away from 
the DC value. This is known as the peak value of 
the RF voltage. Because the plate voltage swings 
from 2000 volts down to 250 volts the peak RF 
voltage is the difference, or 1750 volts. Similarly 
the grid voltage must rise and fall between the 
operating points No. 1 and No. 2, or from -125 
volts to + 95 volts. This is a peak swing of 220 
volts and the peak RF grid voltage is 220 volts. 

Let us now use the formulas for output power 
and driving power: 

Output power- ½ peak RF plate current x peak 
RF plate voltage. 

We found the peak RF plate current to be 230 
ma or .230 amperes, and the peak RF plate voltage 
to be 1750 volts. 
So; Output Power= ½ x .230 x 1750= 201 watts, 
and Input Power= DC Plate Current x DC Plate Voltage 

=.132 x 2000 = 264 watts 
Plate Dissipation = DC Input Power - RF Output Power 

= 264 • 201 = 63 watts 
Efficiency = RF Output Power divided by 

DC Input Power 
= 201/264 = 76% 

Driving Power = DC Grid Currentx Peak RF Grid Voltage 
So the Driving Power=.010 x 220 = 2.2 watts 

The power consumed by the bias source is simply 
the product of the DC grid current and the DC grid 
voltage, or .010 x 120 = 1.2 watts. 
The difference between the driving power and the 

power consumed by the bias source is the power 
dissipated on the control grid, or 2.2 - 1.2 = 1.0 
watts. 

The power dissipated on the screen grid is simply 
the product of the DC screen current and the DC 
screen voltage, because the screen grid has no 
impedance between it and the DC screen supply. 
Thus it is .018 x 250 = 4.5 watts. 

The periormance of the tube can now be sum­
marized: 
DC Plate Voltage 2000 Volts 
DC Screen Voltage 250 Volts 
DC Grid Voltage -120 Volts 
DC Plate Current 132 Ma 
DC Screen Current 18 Ma 
DC Grid Curre.nt 10 Ma 
Peak RF Grid 

Voltage 220 Volts 

Drivin~ Power 2.2 Watts 
Grid Dissipation 1.0 Watts 
Screen Dissipation 4.5 Watts 
Plate Power Input 264 Watts 
PlatePowerOutput 201 Watts 
Plate Dissipation 63 Watts 

REFERENCES 
1. E. L. Chaffee, "A Simplified Harmonic Analysis," 

Review Sci. Inst. 7, page 384, October 1936 
2. H.P. Thomas, "Determination of Grid Driving Power 

in Radio Frequency Power Amplifiers," Proc. IRE, 
Vol. 21, pp. 1134-1141; August 1933 

3. W. G. Wagener, "Simplified Methods for Computing 
Performance of Transmitting Tubes," Proc. IRE; 
January 1937 

4. R. I. Sarbacheri "Graphical Determination of PA 
Performance," E ectrorucs; December 1942 

5. R. I. Sarbacher "Performance of Self Biased 
Modulated Amplifier," Electronics; April 1943 

6. "Class C Amplifier Calculations With The Aid of 
Constant-Current Characteristics," Eimac Application 
Bulletin Number 4 

7. "Vacuum Tube Ratings," Eimac Application Bulletin 
Number6 

8. Robert H. Brown, "Harmonic Amplifier Design," Proc. 
IRE, Vol. 35 pp. 771-777; August 1947 
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A APPLICATION BULLETIN NUMBER 5 

EI TE 

TUBE 

PERFORMANCE 

COMPUTOR 

TUN PIIFOIMANCI COMPUTOI 
'-IP..,.,._. CClau I. C. • Pf-.■•acy Mllltlpllln) 

U1e with conatant current curv• to obtain plate, sricl, and ICNleD eurNDt values; allo 
output and clriviq po .. r. 

DC Cw-rent (meter readinsl 
Peak Fundamental RI' 

1/ 12 (O.~+B+C+D+E+F) 

Peak 2nd Harmonic RF (Appro..)• 
Peak 3rd Harmonic RF (Approx.)• 

1/ 12 <A+l.93B+l.73C+ U1D+B+0.52P) 
1 / 12 CA+ l .73B+C-E-1.73F) 
1/12 <A+l.41B-1.41D-2B-Ul.1') 

O\ltJKlt Po-r.=~ Peu RF plate CW'Nlllt X Peak RF Plate Volta,• 
Drivinl Power--DC Grid Cw-Nnt X Peak RF Grid Volta,• 

•U• onJy for tietro4i• or peatoda-Approximate Onl)r. 

INSTRUCTIONS 
1. Mark ,-at ol DC plate volt.,• and DC Grid Biu. 
2. Mark ,-at ol peak plate eurnnt in low plate vol.._. 

rep,n. (Thia is about four timN DC plate cv.rrent). 
3. Draw ltraipt line betWMII pointa Nlec:ted in No. 1 • 

No. 2. Thia Is "()peratinf Lin,e." 
4. Place computor on curve tbeet with ,uide Jina 

pualiel to ' 'Operatinf Liu." Make 0G line of com­
JK1tor 10 tiarouch point ol Step No. 1. Make OA llDe 
ol computor So throu,h point ol Step No. 2. 

5, Reed currot val\119 wbeN "()peratinf Lim" Cl'CIIIII 
OA. 08, OC, OD, 01, and 01'. 

S. Put values in formlllu u A, 8 , C, D, Z. & JP. 
Por detailed imtnact.iona _. l:imac Applicatioll Bwletln No. 5. 

LINES 

-

f'tll NHD IN U . · • A. 
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IN c. 

The Eimac 4-65A is a small radiation-cooled transmitt ing tetrode having 
a maximum plate dissipation rating of 65 watts. The plate operates at a red 
color at maximum dissipation. Short, heavy leads and low interelectrode 
capacitances· contribute to stable efficient operation at high frequencies. 

Although it is capable of withstanding high plate voltages, the internal 
geometry of the 4 -65A is such that it will deliver relatively high power output 
at a low plate voltage. 

The quick-heating filament allows conservat ion of power during standby 
periods in mobile applications. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated tungsten 

Voltage 
Current 

Grid-Screen Amplification Factor (Average ) 

Direct lnterelectrode Capacitances (Average ) 
Grid-Plate 
Input 
Output 

Transconductance ( ib = 125 ma., Eb = 500 v., Ec2 = 250 v. ) 
Frequency for Maximum Ratings 

MECHANICAL 

4-65A 
RADIAL-BEAM 

POWER TETRODE 
MODULATOR 
OSCILLATOR 

AMPLIFIER 

6 .0 volts 
3.5 amperes 

5 

0.08 J.AJ.Afd 
8.0 J,Aµ.fd 
2. 1 µ.1ifd 

4000 J.Amhos 
150Mc. 

► Base 

Mounting 

Cooling 

. . { Notional HX-29 ' Socket 
- 5-pin-F,ts Johnson 122-101 Socket 

Maximum Overall Dimensions 
Length 
Diameter 

Net Weight 

Shipping Weight (Average) 

Vertical, base down or up 

Convection and Radiation 

4.38 
2.38 

3 

1.5 

inches 
inches 

ounces 

pounds 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT THAN THOSE GIVEN UNDER 
"'TYPICAL OPERATION," POSSIBLY EXCEEDING MAXIMUM RATINGS. WRITE EITEL-Mc CULLOUGH. INC., FOR INFORMATION 
AND RECOM M ENDATIONS. 

(Etloctive 1-30-Sl ) Copyright 1953 by Eitel-McCullough, Inc. ► lnd,cotes change from sheet doted 8-15-51 
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RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C Telegraphy or FM Telephony 

MAXIMUM RAT INGS (Key-down conditions, per tube) 

D-C PLATE VOLTAGE 3000 MAX. VOL TS 
D-C SCREEN VOLTAGE 400 MAX. VOL TS 

D-C GRID VOLTAGE -S00 MAX. VOL TS 
D-C PLATE CURRENT 1S0 MAX. MA 
PLATE DISSIPATION 6S MAX. WATTS 
SCREEN DISSIPATION 10 MAX. WATTS 

GRID DISSIPATION S MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) 

MAXIMUM RATINGS 

0 -C PLATE VOLTAGE 

D-C SCREEN VOLT AGE • 

D-C GRID VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPAT ION 

- 2S00 MAX. VOL TS 

400 MAX. VOL TS 

• -S00 MAX. VOL TS 

120 MAX. MA 

4S MAX. WATTS 

10 MAX. WATTS 

5 MAX. WATTS 

.•••· 

4-65A---------------

TYPICAL OPERATION 

D-C Plate Voltage . 600 1000 1500 2000 3000 volts 
D·C Screen Voltage . 250 2SO 250 250 250 volts 
D-C Grid Voltage • -SO - 70 - 75 - 80 - 90 volts 
D-C Plate Current . 140 ISO ISO 150 115 ma 
D-C Screen Current 40 40 35 30 20 ma 
D-C Grid Current 13 15 14 12 10 ma 
Peak R-F Grid Input Voltage 

(approx.) . 14S 170 180 175 170 volts 
Driving Power (approx.) . 1.9 2.S 2.S 2.1 1.7 watts 
Screen Dissipation 10 10 9 a s watts 
Plate Power Input 84 ISO 225 300 345 watts 
Plate Dissipation • 30 45 5S 65 6S watts 
Plate Power Output 54 10S 170 235 280 watts 

TYPICAL OPERATION 

D-C Plate Voltage . 600 1000 1500 2000 2500 volts 
D-C Screen Voltage . 250 250 250 250 250 volts 
D-C Grid Voltage ·-100 - 110 - 125 - 125 -ISO volts 
D-C Plate Current . 117 120 120 120 108 ma 
D-C Screen Current 40 40 3S 33 16 ma 
D-C Grid Current 11 12 12 12 a ma 
Screen Dissipation 10 10 9 8 4 watts 
Grid Dissipation - 1.0 1.2 1.2 1.1 .1 watts 
Peak A- F Screen Voltage, 10096 

Modulation 17S 175 175 175 175 volts 
Peak R-F Grid Input Voltage 

(approx.) - 190 210 225 225 235 volts 
Driving Power (approx.) 2.1 2.S 2.7 2.6 1.9 watts 
Plate Power Input 10 120 180 240 270 watts 
Plate Dissipation - 20 25 35 40 45 watts 
Plate Power Output so 95 145 200 225 watts 

Note· Typical operolton doto ore bosad on COf\ditions of odjvsting to o specified plate current, mointainitto Aaed COf'!dftto,u of grid bio,,, ,creen vohoo•, ond r- f grid volta ge. 
h will be found thot if thi1 procedw e is foUowed, ther e will be little voriotk>n in power outpvt between tube1 even though there moy be some variations in grid and screen 
cuuenh. Wh•r• grid bias i, obtained principally by mea ns of a grid resistor. to control plate CUfrent it is n•ceuor y to male• the resistor adj111toble. 

AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 

MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

MAX-SIGNAL D-C PLATE CURRENT, PER TUBE 

PLATE DISSIPATION, PER TUBE 

SCREEN DISSIPATION, PER TUBE 

TYPICAL OPERATION 

Closs-AB, (Sinusoidal wave, two tubes unless otherwise specified) 

D-C Plate Voltage - 1000 1500 1750 volts 
D-C Screen Voltage • 500 500 500 volts 
D-C Grid Voltage (approx.)• - -as -as - 90 Yolts 
Zero-Signal D-C Plate Current 30 30 20 ma 

Max-Signal D-C Plate Current 170 110 170 ma 
Zero-Signal D-C Screen Current 0 0 0 ma 

Max-Signal D-C Screen Current 24 14 17 ma 

Effective Load, Plate-to-Plate - 9000 15,000 20,000 ohms 
Peak A-F Grid Input Voltage (per tube) . as as ,o volts 

Driving Power - 0 0 0 watts 
Max-Signal Plate Dissipation {per tube) . 45 63 62 watts 

Max-Signal Plate Power Output ao 14S 17S watts 
• Adjust to give sta ted zero signal plate current . 

The elfective grid circuit resistance for each tube must not exceed 250,000 ohms. 

Page Two 

TYPICAL OPERATION 

3000 MAX. VOL TS 

600 MAX. VOL TS 

150 MAX. MA 

6S MAX. WATTS 

10 MAX. WATTS 

Closs-AB7 (Sinusoidal wan, two tubes unless otherwise specified) 

D-C Plate Voltage 600 1000 1500 1100 
D-C Screen Voltage 250 250 250 250 
D-C Grid Voltage (approx.)•• - 30 - 30 - 3S -35 
Zero-Signal D-C Plate Current 60 60 60 so 
Max-Signal D-C Plott Current 300 300 250 220 
Zero-Signal D-C Screen Current . 0 0 0 0 
Max-Signal D-C Screen Current - 60 45 30 25 
Effective Load, Plate-to-Plate 3600 6800 14,000 20,000 
Peak A-F Grid Input Voltage 

(per tube) • - - 120 105 100 90 
Max-Signal Peak Driving Power . 6.2 5.0 3.2 2.2 
Max-Signal Nominal Driving Power 

(approx.) • - - • 3.1 2.S 1.6 1.1 
Max-Signal Plate Dis.sipation 

{per tube) • - - 45 65 63 63 
Max-Signal Plate Power Output 90 170 250 270 

• •Adjust to give stated zero signal plate current. 

volts 
volts 
volts 
ma 
mo 
ma 
ma 
ohms 

volts 
watts 

watts 

watts 
watts 

► Indicates change from sheet doted 8-15-51 
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------¥;. _____ _ 
RADIO-FREQUENCY LINEAR POWER AMPLIFIER 
SINGLE SIDE BAND SUPPRESSED CARRIER 
Class-8 (Ono tubo) 

1-A AXIMU M R ATINGS 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
PLATE DISSIPATION • 
SCREEN DISSIPATION 
GRID DISSIPATION 

•Adjust to o ive stoted 1ero-si9nol plate cuuent. 

JOOO MAX. VOLTS 
600 MAX. VOLTS 

6S MAX. WATTS 
10 MAX. WATTS 
S MAX. WATTS 

••oue to intermittent noture of voicr ave,aoe diuipation is consider­
o bly fen thoo Mn-S:9001 D:u :poton. 

TYPICAL O , ERATION 

D-C Ploto Volto90 
D-C Scroon Volto90 
D-C Grid Vollo90 (opprox.)• 
Zoro-Signol D-C Ploto Curront • 
MH-Sl9n1I D-C Ploto Curronl • 
Zero-Slg nol D-C Scroon Curront • 
Mo1-Si9 nol D-C Scroon Curront • • 
Mn-Slgnol Pook It. F. Grid Voltogo 
M-■ -Slgnol Avg. G rid Curront • 
M• a-Si9n•I Av9. Driving Powe, -
MH -Slgnol Ploto Diu ipotlon.. • 
Aver19 0 Ploto Di11ip1 tion • 
M-■ -Signol U1oful Powor Output 

1500 2000 2500 volts 
JOO .-00 SOO volts 

-50 -7S -100 volts 
ll 2S 20 rna 

200 270 230 rno 
o O O rno 

JS SO 15 rno 
1,0 270 JOO volts 

ll 17 6 mo 
2.4 4.6 I.I wotls 
105 1,0 225 wot11 
60 65 6S wotU 

I SO lOO 325 wotts 

APPLICATION 

MECHANICAL 
Mounting-The 4-65A must be mounted vertically, base 
up or base down. The socket must provide clearance for 
the glass tip-off whjch extends from the center of. the 
base. A flexible connecting strap should be provided 
between t he plate terminal and the external plate circuit, 
and the Eimac HR6 cooler used on the tube plate lead. 
The socket must not apply lateral pressure against the 
base pins. The tube must be protected from severe vibra­
tion and shock. 

Adequate ventilation must be provided so that the 
seals end envelope under operating conditions do not 
exceed 225°C. For operation above 50 Mc., the plate 
voltage should be reduced, or special attention should 
be given to seal cooling. 

In intermittent-service a pplications where t he "on" 
time does not ,exceed a total of five. minutes in any ten 
minute period, plate seal temperatures as high es 250°C 
a re permissible. When the ambient temperature does not 
exceed 30°C it will not ordinarily be necessary to 
provide forced cooling of the bulb and plate seal to hold 
the temperature below this maximum at frequencies 
below 50 Mc, provided that a heat-radiating plate con­
nector is used, end the tube is so located that normal 
circulation of ai r past the envelope is not impeded. 

ELECTRICAL 
Filament Voltage-The filament voltage, as measured 
directly at the filament pins, should be between 5.7 volts 
and 6.3 volts. 
Bias Voltage-D-C bias voltage fo-r the 4-65A should not 
exceed -500 volts. If grid-leak bias is used, suitable' pro­
tective means must be provided to prevent excessive 
plate or screen dissipation in the event of loss of excitation. 
Grid Dissipation-Grid dissipation for the 4-65A should 
not be allowed to exceed five watts. Grid dissipation may 
be calculated from the following expression: 

Pg = ecmplc 

where Pg -= Grid di,slpotion, 
ecmp ~ Peak positive grid voltage, and 

le • 0-c grid current. 

e,mp :may be measured by means of a suitable peak 
voltmeter connected between filament end grid• 

Screen Voltage-The D-C screen voltage for the 4-65A 
should not exceed 400 volts except in the case of class­
AB audio operation end Single Side Band R-F amplifier 
operation where it should not exceed 600 volts. 
Screen Dissipation-The power dissipated by the screen 
of the 4-65A must not exceed 10 watts. Screen dissipation 
is likely to rise to excessive values when the plate voltage, 
bias voltage or plate load is removed with filament end 
screen voltages applied. Suitable protective means must 
be provided to limit screen dissipation to 10 watts in 
the event of circuit failure. 

Plate Voltage-The plate-supply voltage for the 4-65A 
should not exceed 3,000 volts. Above 50-Mc. it is advisable 
to use a lower plate voltage then the maximum, since the 
seal heating due to R-F charging currents in the screen 
leads increases with plate voltage and frequency. See in­
structions on seal cooling under "Mechanical" and 
"shielding." 

Plate Diss ipation-Under normal operating conditions, 
the plate dissipation of the 4- 65A should not be allowed 
to exceed 65 watts in unmodulated applications. 

In hlgh-level-modulated amplifier applications, the 
maximum allowable carrier-condition plate dissipation is 
45 watts. 

Plate dissipation in excess of maximum rating is 
permissible for shor t periods of time, such as dur ing 
tuning procedures. 

OPERATION 

Class-C FM or Telegraphy-The 4-65A may be operated 
as a class-C FM or telegraph amplifier without neutrali­
zation up to 110 Mc. if reasonable precautions are taken 
to prevent coupling between input end output circuits 
external to the tube. In single ended circuits, plate, grid, 
filament and screen by-pass capacitors should be re­
turned through the shortest possible leads to a common 
chassis point. In push-pull applications the filament end 
screen terminals of each tube should be by-passed to a 
common chassis point by the shortest possible leads, end 
short, heavy leads should be used to interconnect the 
screens and filaments of the two tubes. Care should be 
taken to prevent leakage of radio-frequency energy to 
leads entering the : amplifier, in order to minimize grid­
plate coupling between these leads external to t he 
amplifier. 

Where shielding is adequate, the feedback at fre­
quencies above 110 Mc. is due principally to screen-leed­
inductance effects, and it becomes necessary to introduce 
in-phase voltage Crom the plate circuit into the grid cir­
cuit. This can be done by adding capacitance between 
plate and grid external to t he tube. Ordinary, a small 
metal tab approxjmately ¾" square and located adjacent 
to the envelope opposite the plate will suffice for neutral­
ization. Means should be provided for adjusting the spac­
ing between the neutralizing capacitor plate end the 
envelope. An alternate neutralization scheme for use 
above 110 Mc., is illustrated in the diagram on page 4. In 
this circuit, feedback is eliminated by series-tuning the 
screen to ground with a smell capacitor. The socket screen 
terminals should be strapped together as shown on the 

• Fo, suitable peak V.T.V.M. ci rcuits .see. for instance , " Vacuum Tvbe­
Rotin9s," Elm•< Nows, Jonu,ry i,45, Thos article is ovailoble in ••· 
print form on ,eauest. 
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diagram, by the shortest possible lead, and the lead 
from the mid point of this screen strap to the capacitor, 
C, and Crom the capacitor to ground should be made as 
short as possible. 

Driving power and power output under maximum out­
put and plate voltage conditions are shown on page 2. The 
power output shown is the actual plate power delivered 
by the tube; the power delivered to the load will depend 
upon the efficiency of the plate tank and output coupling 
system. The driving power is likewise the driving power 
required by the tube (includes bias loss). The driver out­
put power should exceed the driving power requirements 
by a sufficient margin to allow for coupling-circuit losses. 
The use of silver-plated linear tank-circuit elements is 
recommended for all frequencies above 75 Mc. 
Class-C AM Telephony-The R-F circuit considerations 
discussed above under Class-C FM or Telegraphy also 
apply to amplitude-mpdulllted operation of the 4-65A. 
When the 4-65A is used as a class-C high-level-modulated 

Screen-tuning neutralization circuit for use above 100 Mc. 
C is o small split-stator capacitor. 

640,000 
Cl,-;,fd) • , approx. 

f1 (Mc.} 

amplifier, both the plate and screen should be modulated. 
Modulation voltage for the screen is easily obtained by 
supplying the screen voltage via a series dropping resistor 
from the unmodulated plate supply, or by the use of an 
audio-frequency reactor in the positive screen-supply 
lead, or from a separate winding on the modulation trans­
former. When screen modulation is obtained by either 
the series-resistor or the , audio-reactor methods, the 
audio-frequency variations in screen current which result 
from the variations in plate voltage as the plate is modu­
lated automatically give the required screen modulation. 
Where a reactor is used, it should have a rated induct• 
ance of not less than 10 henries divided by the number of 
tubes in the modulated amplifier and a maximum current 
rating of two to three times the operating D-C screen 
current. To prevent phase-shift between the screen and 
plate modulation voltages at high audio frequencies, 
the screen .by-pass capacitor should be no larger than 
necessary for adequate R-F by-passing. 

For high-level modulated service, the use of partiaJ 
grid-leak bias is :recommended. Any by-pass capacitors 
placed across the grid-leak resistance should have a 
reactance at the highest modulation frequency equal to 
at least twice the grid-leak resistance. 
Class-AB, and Cius-AB. Audi-Two 4-65As may be used 
in a push-pull circuit to give relatively high audio output 
power at low distortion. Maximum ratings and typical 
operating conditions for class- A.Bi and c.lass-AB, audio 
operation are given in the tabulated data. 

Screen voltage should be obtained from a source hav-
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ing reasonably good reeulation, to prevent variations in 
screen voltage from zero-signal to maximum-signal condi­
tions. The use of voltage re,ulator tubes in a standard 
circuit should provide adequate regulation. 

Grid bias voltage for class AB, service may be obtained 
from batteries or from a small fixed-bias supply. When a 
bias supply is used, the D-C resistance of the bias source 
should not exceed 250 ohms. Under class-AB, conditions 
the effective grid-circuit resistance should not exceed 
250,000 ohms. 

The peak driving power figures given in the class-AB. 
tabulat~d data are included to make possible an accurate 
determination of the required driver output power. The 
driver amplifier must be capable of supplying the peak 
driving power without distortion. The driver stage should, 
therefore, be capable of providing an undistorted average 
output equal to ha){ the peak driving power requirement. 
A small amo,mt of additional driver output should be pro­
vided to allow for losses in the coupling transformer. 

In some cases the maximum-signal plate dissipation 
shown under "Typical Operation" is less than the maxi­
mum rated plate dissipation of 4-65A. In these cases, 
with sine wave modulation, the plate dissipation reaches 
a maximum value, equal to the maximum rating, at a 
point somewhat below maximum-signal conditions. 

The power output figures given in the tabulated data 
refer to the total power output from the amplifier tubes. 
The useful power output will be from 5 to 15 per cent less 
than the figures shown, due to losses in the output 
transformer. 

Because of the intermittent nature of the voice, and 
the low average power, it is possible in cases where size 
and weight are important to operate a class-AB stage 
at higher peak power values than those indicated for sine 
wave. 

In order to obtain peak power above that shown for 
sine wave (peak is twice average for sine wave), the plate. 
to-plate load impedance must be made proportionately 
lower than the value shown for a particular plate voltage. 
Also, more peak driving power will be required. At no 
time should the average plate or grid dissipation exceed 
the maximum values shown. 

KEYING THE TETRODE AMPLIFIER 

T•trode Keying Cir~uit 

The flow of plate current in an R-F tetrode amplifier 
depends not only on the control grid bias and excitation, 
but also on the voltage applied to the screen grid. 

One easy method of keying is to remove the excitation 
and screen grid voltage simultaneously, while leaving the 
plate voltage still applied to the amplifier stage. This 
method also has an advantage in that the final tube can 
be made to draw a safe amount of current key-up position, 
maintaining a steadier drain on the power supply while 
keying. This tends to minimize "blinking lights" on weak 
AC supply lines when using moderate power. By properly 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

-------------~~ 

choosing the values or L, C, and R, in the circuit, perfectly 
clean-cut hjghest speed hand keying can easily be obtained 
that is entirely devoid or clicks. 

The keying circuit is shown in the diagram and V, is 
the driver tube, which may be any one of the small 
tetrodes such as an 807, 6L6 or 6F6, used either as a 
frequency multiplier or a straight-through amplifier. This 
tube should furnish abo1,1t five watts of output power 
which allows ample driving power for one 4-65A, includ­
ing circuit losses. Capacitance coupling is shown in the 
diagram, but this, of course, could just as well be link 
coup.ling. 

Steady driving power is fed to the grid of V, from 
the exciter . The keying circuit controls the plate and 
screen voltages on V,, as well as the screen voltage on 
the 4-65A, all obtained from a common power supply B,. 
This supply should furnish sufficient voltage to the plate 
of V, to obtain the necessary driving power. Normally this 
voltage will be about the correct voltage for the screen 
of the 4-65A and resistor R, may be omitted. 

Whe.ll the key is up there is no excitation to the 4-65A, 
and consequently no gr id leak bias. At the same time, the 
screen voltage has a lso been removed so that very little 
current is drawn by the plate. With plate voltages up to 
2000 volts, the amount of current drawn is not sufficient 
to heat the plate beyond its rated plate dissipation and a 
fixed bias is not required. However, with plate voltages 
over 2000 volts, a small fixed bias supply is needed to 
keep the plate dissipation within the rated limit. An 
ordinary 22½ volt C battery in the control grid circuit 
wilf furnish sufficient bias to completely cut the plate 
current orr at 3000 volts, while some lower value or bias 
can be used to permit a safe amount of current to rlow 
in key-up pc;>sition, presenting a more constant load to 
the power supply. 

A tapped resistor R, serves to supply screen voltage to 
V, and by adjusting this tap, the excitation to the 4-65A 
may be easily controlled. This method of controlling the 
output or a tetrode is not recommended in the larger 
tetrodes, however, as it is wasteful of power and the 
lowered power output obtained is due to a loss in 
efficiency. R, also serves as a means or keeping the screen 
or the 4-65A at ground potential under key-up conditions, 
stabilizing the circuit. R, is the normal pow1:r supply 
bleeder. 

The keying relay must be insulated to withstand the 
driver plate voltage. Key cHcks may be completely elim­
inated by the proper selection of L,, R, and C, in series 
with and across the relay. In many applications values or 
500 ohms for R, and 0.25 ufd for C, have been found 
entirely satisfactory. Choke L, is best selected by trial 
and usually is on the order or 5 henries. A satisfactory 
choke for this purpose can be made by using any small 
power-supply choke, capable of handling the combined 
current of the final screen grid and the driver stage, 
and adjusting the air gap ~o g~ve the proper inductance. 
This may be checked by listening for clean keying on t he 
"make" side or the signal or by observation in a 'scope. 

R-F by-pass condensers C, and C, will have some errect 
on the required value of L, as well as C,. These by-pass 
condensers should be kept at as small a value or capacity 
as is needed. In most cases .002 ufd. is sufficien t. 

SHIELDING 
The internal feedback of the tetrode has been substan. 

tially eliminated, and in o rder to fully utilize th~s advan­
tage, it is essentia,l that the design of the equipment 
completely eliminates any feedback external to t he tube. 
This means complete shielding of the output circuit from 
the input circuit and earlier stages, proper reduction to 
low values of the inductance of the screen lead to the 
R-F ground, and elimination or R-F feedback in any 
common power supply leads. 

Complete sh ielding is easily achieved by mounting the 
socket of the tube rlush with the deck of the chassis •• 
shown in t he sketch. 

_..,,..-HR· 6 HEAT DISSIPATING 
/ CONNECTOR 

) 

DECK 

A!B. 

'-~ 

The holes in the socket permit the flow of convection 
a ir currents from below the chassis up past the seals in the 
base of the tube. This flow or air is essential to cool the 
tube and in cases where the complete under part or the 
chassis is enclosed fo~ electrical shielding, screened holes or 
louvers should be provided to permit air circulation. Note 
that shielding is completed by aligning the internal screen 
shield with the chassis deck and by proper R-F by-passing 
or the screen leads to R-F ground. The plate and output 
circuits should be kept abqve deck and the input circuit 
and circuits or earlier stages should be kept below deck 
or completely shielded. 

DIFFERENT SCREEN VOLTAGES 
The published characteristic curves of tetrodes are 

shown for the commonly used screen voltages. Occasion­
ally it is desirable to operate the tetrode at some screen 
voltage other than t hat shown on the characteristic 
curves. It is a relatively simple matter to convert the 
published curves to corresponding curves at a diHerent 
screen voltage by the method to be descr ibed. 

This conversion method is based on the fact that if 
all inter-electrode voltages are eithe r raised or lowered 
by the same relative amount, the shape of the voltage 
field pattern is not alter ed, nor win the current distribu­
tion be altered; t he current lines will s imply take on 
new proportionate values in accordance with the t.hree­
halves power law. This method fa ils only where insuffi­
cient cathode emission or high secondary emission affect 
the current values. 

For instance, if the characteristic curves are shown 
at a screen voltage of 250 volts and it is desired to deter­
mine conditions at 500 screen volts, all voltage scales 
should be multiplied by the same factor that is applied 
to the screen voltage (in this case-2). The 1000 volt 
plate voltage point now becomes 2000 volts, the 50 volt 
grid voltage point, 100 volts, etc. 
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The current lines then all assume new values in ac­
cordance with the 3 / 2 power law. Since the voltage was 
increased by a factor of 2, the cur rent lines will all be 
increased in value by a factor of 23/, or 2.8. Then all the 
current values should be multiplied by the factor 2.8. 
The 100 ma. line becomes a 280 ma. line, etc. 

Likewise, if the screen voltage given on the charac­
teristic curve is higher than the conditions desired, the 
voltages should all be reduced by the same factor that 
is used to obtain the desired screen voltage. Correspond­
ingly, the current values will all be reduced by an amount 
equal to the 3 / 2 power of this factor. 

For convenience the 3 / 2 power of commonly used 
factors is given below: 

Voltage Factor .25 .5 .75 1.0 1.25 1.50 1.75 
Corresponding 

Current Factor .125 .35 .65 1.0 1.4 1.84 2.3 

Voltage Factor 2.0 2.25 2.5 2.75 3.0 
Corresponding 

Current Factor 2.8 3.4 4.0 4.6 5.2 

SINGLE SIDE BAND 
SUPPRESSED CARR·IER OPERATION 

The 4-65A may be operated as a class B linear ampli­
fier in SSSC operation and peak power outputs of over 300 
watts per tube may be readily obtained. This is made 
possible by t he intermittent nature of the voice. U steady 
audio sine wave modulation is used, the single side band 
will be continuous and the stage will operate as a C-W 
class-B amplifier . With voice modulation the average 
power will run on the order of 115th of this continuous 
power. 

The same precautions regarding shield ing, coupling 
between input and output circuits, and proper R-F by­
passing must be observed, as descr ibed under Class-C 
Telegraphy Operation. 

Due to the widely varying nature of the load imposed 
on the power supplies by SSSC operation, it is essential 
that particular attention be given to obtain ing good r egu­
lation in these supplies. The bias supply especially, 
should have excellent regulation, and the addition of a 
heavy bleeder to keep the supply well loaded will be 
found helpful. 

Under conditions of zero speech signal, the operating 
bias is adjusted so as to give a plate dissipation of 50 
watts at the desired plate and screen voltages. Due to 
the intermittent nature of voice, the average plate dis­
sipation will rise only slightly under full speech modula­
tion to approximately 65' watts. At the same time, 
however , the peak speech power output of over 300 
watts is obtained. 

SSSC TUNING PROCEDURE 
Tuning the SSSC transmitter is best accomplished 

with the aid of an audio frequency oscillator and a ca­
thode-ray oscilloscope. The audio oscillator should be 
capable of deliver ing a sine wave output of a frequency 
of around 800 to 1000 cycles so that the frequency will 
be somewhere near the middle of the pass-band of the 
audio system. Since successful operation of the class-B 
stage depends on good linearity and the capability of 
delivering full power at highest audio levels, the final 
tuning should be made under conditions simulating peak 
modulation conditions. If a continuous sine wave from 
the audio oscillator is used for tuning purposes, the 
average power at full modulation would be about five 
times that of speech under similar conditions of single 
side band operation and the final amplifier would be 
subjected to a heavy overload. One method of lowering 
the duty cycle of the audio oscillator to closer approxi­
mate speech conditions would be to modulate the 
oscillator with a low frequency. 
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An alternate method would be to use the continuous 
audio sine wave, making all adjustments at half voltages 
and half currents on the screen and plate, thus reducing 
the power to one quarter. The stand-by plate dissipation 
under these conditions should be set at about 10 watts. 
Following these adjustments, minor adjustments at full 
voltages and 50 watts of stand-by plate dissipation could 
then be made, but only allowing the full power to remain 
on for ten or fifteen second intervals. 

The first step is to loosely couple the oscilloscope to 
the output of the exciter unit. The final amplifier with 
its filament and bias voltages turned on should also be 
coupled to the exciter at this time. With the audio 
oscilJator running, adjust the exciter unit so that it 
delive.rs double side band signals. Using a linear s weep 
on the oscilloscope, the double side band pattern will 
appear on the screen the same as that obtained from a 
100% sine wave modulated AM signal. Next vary the 
audio gain control so that the exciter can be checked 
for linearity. When the peaks of the envelope start to 
flatten out the upper limit of the exciter output has been 
reached and the maximum gain setting should be noted. 
The coupling to the final stage should be varied during 
this process and a poin t of optimum coupling determined 
by watching the oscilloscope pattern and the grid meter 
in the final stage. 

Next, adjust the exciter for single side band opera­
tion and if it is working properly, the pattern on the 
oscilloscope will resemble an unmodulated AM carr ier. 
The phasing controls should be adjusted so as to make 
the envelope as smooth on the top and bottom as 
possible. U the above conditions are satisfied , the exciter 
unit can be a.ssumed to be operating satisfactorily. 

Next, loosely couple the oscilloscope link to the output 
of t he final amplifier and again adjust tht.. exciter unit 
t.o give double side band output .. 

If the reduced duty cycle method is used, the foJlow-
ing tuning procedure may be followed : 

1. Cut the audio output to zero. 
2. Apply 120 volts of bias to the 4-65A control grid. 
3. Apply the operating plate voltage followed by 

the operating screen voltage. 
4. Reduce bias voltage to obtain 50 watts of stand-by 

plate dissipation. 
5. Increase audio gain, checking the oscilloscope pat­

tern for linearity as in the case of the exciter, and adjust 
for optimum antenna coupling. 

6. Re-adjust exciter unit for single side band opera­
tion. 

7. Disconnect test signal and connect microphone. 

8. Adjust the audio gain so that the voice peaks give 
the same deflection on the oscilloscope screen as was 
obtained from the test signal peaks. 

If the alternate method is used with a 100% duty 
cycle from the audio oscillator, then step 3 should be to 
apply half voltages and the stand-by plate dissipation 
should be set at 10 watts. 

After the audio oscillator is disconnected and step 
8 completed at half voltages, the full voltages can then 
be applied and the stand-by plate dissipation adjusted 
for 50 watts. 

It is essential that the microphone cable be well 
shielded and grounded to avoid R-F feedback that might 
not occur when the lower impedance audio oscillator is 
used as an audio source. 

Typical operational data a re given for SSSC in the 
first part of this data sheet. 

• 
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Typical radio-frequency power amplifier circuit, Clau-C 
telegraphy, 345 watts input. 

~ -= I 

.... 

I . 
' ' 1-M!CLOt .....__ .___, 
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, ... 
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t t eAYTI 

Typical high-level-modulat ed R-F amplif ie r, 240 watts plate 
input. Modulator requires zero driving power. 

4-65.A 

COMPONENTS FOR TYPICAL CIRCUITS 

Lp 1-Cp 1- Tank c:irc:uit appropriate for operating frequenc:y; 
Q = 12. Capac:itor plate spac:ing = .200". 

Lp2•Cp2- Tank c ircuit appropriate for operating frequency; 
Q = 12. Capacitor plate spacing = .200". 

lpJ-CpJ- Tank circ:uit appropriate for operating frequency; 
Q = 12. Capacitor plate spacing = .375". 

Lg 1-C9 1- Tuned c:ircuit appropriate for operating frequency. 
L9 2-C92- Tuned circuit appropriate for operating frequenc:y. 
C 1 - .002 -µfd. 500V Mica 
C2- .002 •µfd. 5000V Mica 
C3- .001 -µfd. 2500V Mica 
C, - .1 -µfd. lOOOV paper 
Cs- . I •µfd. bOO V paper 
C6- I b -µfd. 450V Electrolytic 
C7- 10 -µfd. IOOV Electrolytic 
Ri-53,000 ohms 200 watt-60,000 ohm adjustable 
R2-250,000 ohms I watt 
R3- 5,000 ohms 5 watt 
R,- 25,000 ohms 2 waits 
R5- 26,500 ohms 200 watts-30,000 ohm adjustable 
R6- 2,500 ohms 5 watts 
R7- 750 ohms 5 watts 
RFC1- 2.5 mhy. 125 ma. R-F choke 
RFC2- I mhy. 500 ma. R-F choke 
T1- 150 watt modulation transformer; ratio primary lo second­

ary impedance approx, 1: 1.1 Pri. impedance 15,000 ohms, 
sec. impedance lb,700 ohms. 

T2- 5 watt driver transformer impedance ratio primary to I / 2 
secondary 1.5: I. 

T3- 300 watt modulation transformer; impedance ratio pri. to 
sec. approx. 2.4: I; Pri. impedance= 20,000 ohms, sec. im­
pedance= 8,333 ohms. 

.r----; 
= I 

I 

•• 

•w, U ~• f'IIIIOtil 
Otill¥U 

•' ••n• 

140 • • 

I · • 
.... 

t v~ r• +NOV •toOO v .,... .. .... ... 

Typical high-level-modulated R-F amplifier circuit, with 
modulator and driver stages, 480 watts plate input. 
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2 1 
64 MIN. 

I± I 
2 i6 

4 PINS 
.058 ¼ .003 DIA. 

ALL DIMENSIONS 
IN INCHES 

Page Eight 

l 
7± I 
~ ~ 

~ +.005 I 360 __ 0 ,o 

I 2 a DIA. MAX. 

I 

2 j DIA. MAX.---.-t 

5 i6 MIN. 

f 
1i:t:l 32 16 

l 
.000 MIN. 

i-------i 1.000 DIA. P. D . 

. 125 ± .003 DIA. 

52°±5' 

~ 52' 
:t 5' 

BOTTOM VIEW 
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Page Twelve 

EIMAC 4-65A TYPICAL PERFORMANCE - J 

CLASS C TELEGRAPHY 
POWER OUTPUT VS FREQUENCY -

. 
DC PLATE VOLTAGE 1500 VOLTS 

- r----... "-.. 
~ 

I 

DRIVING POWER ~ 

vs / 
~ 

FREQUENCY 

/ 
,,, 

~ 
~ --

100 150 200 250 300 350 
FREQUENCY - MEGACYCLES 

Printed in USA l-17-6◄842 
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EI TE 
SAN CALIFORNIA 

► The Eimac 4 -125A is a radial-beam power tetrode intended for use os an amplifier, oscillator, 
or modulator. It hos a maximum plate-dissipation roting of 125 walls and o maximum plate-voltage 
ro ting of 3000 volts al frequenci.es up lo 120 Mc. 

The low grid-plate capacitance of this tetrode together with its low driving-power requirement 
allows considerable simpliflcation of the associated circuit and driver stage. 

Cooling is by radiation from the plate and by air circulation through the base and around 
the envelope. 

The 4 -125A in class-C r-f service will deliver up to 375 walls plate power output with 2.5 walls 
driving power. Two 4-125A's in closs-8 modula tor service will deliver up lo 400 walls moximum• 
signal power output with 1.2 waits nominal driving power. 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 

Current 

GENERAL CHARACTERISTICS 

Grid-Screen Ampliflcotion Factor (Average) 

Direct lnterelectrode Capacitances (Average) 

Grid-Plate 
Input 

Output 

Transconductance (lb - SO mo., Eb • 2S00V., E.2 • .f00V.) 
► Highest Frequency for Maximum Ratings 

► MECHANICAL 

S.O volts 

- 6.S amperes 

S.9 

0.0S µµfd 

10.8 µµfd 

3.1 µµfd 

24S0 µmhos 

• 120 Mc 

4-1251 
(4D21) 

RADIAL-BEAM 

POWER TETRODE 

• 
MODULATOR 

OSCILLATOR 
AMPLIFIER 

&ase -
Basing 

Socket 

Mounting Position 

Cooling 

Recommended Heat-Dissipating Plate Connector 

Maximum Over•oll Dimensions: 

5-pin metal shell 

See outline drawing 

- E. F. Johnson Co. soclcel No. 122-275, Notional Co. No. HX-100, or equivalent 
Vertical, base down or up 

Radiation and forced air 

Eimoc HR-6 

Length 

Diameter 

Net Weight 
Shipping Weight (Average) 

5.69 inches 
2.7S inches 

6 .5 ounces 

1.5 pounds 

Not•: Typical operation doto or• based on condition, of odj111ttng to o ,pecifted plot• current, mointoil'ling flaed <Ot1dition1 of g rid b ias, Kreen swoitage, and ,.f grid voltage. 
It will be found that if thi, procedure is followed, there wiU be little voriotion in Power output between tubes eYen thou.gh there may be t-Ome vorioOons in grid and t-creen 
currenh. Where grid bios ii obtoined prin<ipoUy by meons of o grfd reiisto,, to control p late current it it- neceuory to molt• the rui,tor odjustoble. 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Clou•C Telegraphy or FM Telephony (Key-down condition1, 1 tube) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE' 
D-C SCREEN VOLTAGE 
D-C GRID VOLT AGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION • 

3000 MAX. VOLTS 
•OO MAX. VOLTS 

-500 MAX. VOLTS 
225 MAX. MA 
125 MAX. WATTS 
20 MAX. WATTS 

5 MAX. WATTS 

HIGH-LEVEL MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Ctou,C Telephony (Carrier condition, unten otherwi1e 1pecifted. 1 tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE1 • 
D-C SCREEN VOLTA GE • 
D-C GRID VOLTAGE 

2500 MAX. VOLTS 
•OO MAX. VOLTS 

- 500 MAX, VOLTS 
D-C PLATE CURRENT 200 MAX. MA 
PLAlE DISSIPATION 85 MAX. WATTS 
SCREEN DISSIPATION 20 MAX. WATTS 
GRID DISSIPATION. 5 MAX. WATTS 

lYPICAL OPERA11ON (fr•qv•ncie, b•lo• 120 Mc.) 
O,C Plate Volloge 2000 
D·C S<reen Voltage 350 
D-C Grid Voltogo -too 
D·C Plate Current 200 
0-C S<reen Current • 50 
D-C Grid Cvrr•n• 12 
Scuen Oiuipolion 18 
Grid Oinipotton 1.6 
P•ok R-F Grld Input Vollog• (opp,o, .) • 230 
Ori-.i.ng Power (approx.)' 2.8 
Plate Power Input , oo 
Ptote Dissipation 125 
Plate Po"Wer Outpvt 275 

TYPICAL OPERATION (f,eqv•ncie, bolo• 120 Mc.) 
D-C Pia•• Vallage 
0-C Screen Voltoge 
D•C Gdd Vot1ago 
0-C Plate Current 
0-C Screen Current • 
0-C Grid Current 
Screen Olnipotion 
Grid Ois.1ip0Hon 
P•ok A-f Sc•••n Voltage, t 00% Madvlatlo<t 
P•ak R-f Grid Input Vottag• (appra,.) • 
Driving Power (approx.)>• 
Plate Power Input 
Plate Oiuipotion 
Plate Power Output 

2500 aooo 11oh1 
350 350 volh 

-150 -150 volt• 
200 167 mo 
•o 30 mo 
12 9 mo 
l• 10.5 woth 
2 t.2 watts 

320 280 volh 
3.8 2.5 wottt 

500 500 woth 
125 125 'WQtlS 

375 375 woth 

2000 2500 volh 
350 350 volt, 

-220 -210 volh 
150 152 ma 
33 30 mo 
10 9 mo 

11,5 10.5 wottl 
1.6 1., woth 

210 210 voh1 
375 360 1tolh 
3.8 3.3 woth 

300 380 wotu 
75 80 woth 

225 300 watts 

► lndiutes ch•nse from ohut doted 3-15-50 1 Above 120 Mc. the -•imum plot• voltos• roting depends uoon frequency 
(Ellocli .. 1-5-53) Copyroght, 1953 by Eitel-/v\c:Culloush, Inc. • Su Pd9• 4. 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-AB 1. 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE • 
MAX-SIGNAL D·C PLATE CURRENT, PER TUBE 
PLATE DISSIPATION, PER TUBE 
SCREEN DISSIPATION, PER TUBE 

3000 MAX. VOLTS 
600 MAX. VOLTS 
225 MAX. MA 
125 MAX. WATTS 
20 MAX, WATTS 

AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Clan•ABJ. 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE • 
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE 
PLATE DISSIPATION, PER TUBE 
SCREEN DISSIPATION, PER TUBE • 

3000 MAX. VOLTS 
400 MAX. VOLTS 
225 MAX. MA 
125 MAX. WATTS 
20 MAX. wAm 

TYPICAL OPERATION (SinUJOidal wavo, two tubos unloss othorwiso spoclftodl 
D-C Ploto Voltogo • 1500 2000 2500 
D-C Scroon Voltogo 600 600 600 
D-C Grid Voltogo2 • -90 - 94 - 96 
Z.oro-Signal D-C Plolo Current 60 50 50 
Mox-Slgnol D•C Plolo Curtont 222 240 232 
Zoro-Slgnol D-C Scroon Cvrronl - 1.0 -0.5 -0.3 
Mox•Slgnol D-C ScrHn Curreftt 17 6,4 8.5 
Effoctivo Lood, Ploto-to-Plato • • I 0,200 13,400 20,300 
Pook, A-F Grid Input Voltogo lpor tubo) 90 94 96 
Otl'Ying Power • 0 0 0 
Mox-Signal Plot• Dissipation (por tubo) 87.5 125 125 
Mo••Slgnol Plato Powor Output I 58 230 330 
Total Harmonic Dhtortion 5 2 2.6 

TYPICAL OPERATION (Sinusoidal wovo, two tubos unloss othorwiso spoclftodl 
D-C Ploto Voltogo • 1500 2000 2500 
D-C Scroon Voltogo 350 350 350 
D•C Grid Voltogo • - 41 - 45 - 0 
Zoro-Slgnol D-C Plato Current 87 72 93 
Max-Slgnol D-C Ploto Cwront 400 300 260 
Z..ro-Slgnol D-C ScrHn Currens O O 0 
Max•Slgnol D-C Screen Cu,ront 34 5 6 
Effoctive Lood, Plot•to-Ploto • 7200 13,600 22,200 
Pook A·F Grid Input Voltogo (por tubo) 14 I I 05 89 
Mox-Signal Avg. Driving Powor (approx.) 2.5 1.4 I 
Max-Signol Pook DrMng Powor 5.2 3.1 2.4 
Mo••Slgnol Plot• Dissipation (por tubo) 125 125 122 
Mox-Signal Plato Powor Output 3S0 3S0 400 
Total Harmonic Distortion 2.S I 2.2 

volh 
volts 
volts 
mo 
mo 
mo 
ma 
ohms 
volh 
watt 
woth 
watt, 
p0< cl 

votts 
volh 
vofts 
mo 
mo 
mo 
mo 
ohms 
vofh 
watts 
watt, 
watts 
woth 
per ct 

J The cfh:ctivc srld circuit rulstancc for each tube must not exceed 250,(X)() ohms. 
' DrM ns pcwer lncruses above 70 Mc. See Po9< 4. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WID£lY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY EXCEEDING THE MAXIMUM 
RATINGS GIVEN FOR CW SERVICE. WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. 

APPLICATION 

MICHANICAL 
► Mountln9-The 4-125A must be mounted vertically, bpse dawn or base up. 

The sodtet nwst be conslnlcted so as to allow on unimpeded flow of oir through 
the holes in the base of the tube ond must olso provide clearance for the glass 
tip-off-which e1<lends from the center of the bose, The tube should be mounted 
obove the chassis declc to allow free circulation of air In the manner Jhown 
In the mounting diagram below. The above requirements are met by the 
E. F. Johnson Co. socket No. 122-275, the National Co. socket No. HX-100, 
or a slmila r socket. 

A flexible connecting strop should be provided between the HR-6 Heat 
Oiulpoting Plate Connector on the plate lef'mlnal and the elllemal drcuit, 
The tube must be protected from severe. vibration and shock. 

) \ 
-4-1 25A mounting providing base cooling, shielding and isolation 

of output and input compartments. 

Coolln9-Adequate cooling muat be provided for the Hali a nd 
envelop• of th• 4• 12 SA. In contlnuoua- s e r v lce appllcatlona, the 
temperature of the plate aeal, as m e asure d o n the top of t h e 
plot• cap, s hould not exce ed 170° C. A relatively slow movement of 
air past the tube Is sufficient to prevent seal temperatures In e1<cess of mo1<I• 
mum at frequencies below 30 Mc. At frequencies above 30 Mc., rodio-fre• 
quency losses In the leads ond envelope conlribule to seol and envelope 
heating, and special attention should be given to cooling. A small fan or 
centrifugal blower directed toward the upper portion of the envelope will 
usually provide sufficient cira,lation for cooling al frequencies obove 30 Mc., 
however. 
► Indicates chans• from sheet d•ted 3-1 5-50 

Page Two 

In intermittent-service opplications where the "on" time does not exceed 
a total of five minutes in any ten-minute period, plate seal temperatures , as 
high os 220° C. are permissible. When the ambient temperature does not 
exceed 30° C. it will not ordinarily be necessary to provide forced cooling 
to hold the temperature below this maximum at frequencies below 30 Mc., 
provided that a heat-dissipating plate COMector is used, and the tube is so 
located that normal circulation of air post lhe envelope is nol lmpedecl. 

Provision muat be made for clrculotlon of olr throu9h the boa• 
of the tube . Where shielding or socket design makes it imposslble to allow 
free circulotlon of air through the base, It will be nec:essary to apply forced-air 
cooling to the stem structure. An air flow of two cubic feet per minute through 
the base will be sufficient for stem cooling. 

ILICTIICAL 

Pllome nt Voltage-For maxi""-'m tube life the fllament voltage, as meas­
ured directly at the filament pins, should be the roted value of 5.0 volts. 
Unavoidable variations in filament voltage must be kept within the range from 
4.7 5 to 5.2 5 volts. 

llos Voltoge-0-c bias voltage for the 4-1 25A should not exceed 500 
volts. If grid-leak bias is used, suitable protective means must be provided 
to prevent excessive plote or screen dissipation in the event of loss of excitation. 

Scre en Volto9e-The d-c screen voltage for ti\• 4-125A should not exceed 
400 volts, except for doss-AB I audio operation. 

Plot• Volto9e-The plate-supply voltage for the <4-125A should not exc:eed 
3000 volts for frequencies below 120 Mc. The maximum permissible plole 
voltage is less than 3000 volts above 120 Mc., as shown by the graph on 
page 4. 

Grid Dlaalpat lon-Grid dissipation for the 4-125A should not be allowed 
to exceed five watts. Grid diss1pation may be calculated from the following 
expreuion1 

Po- ecmplc 

where Pg - Grid dissipation, 
ecmp - Peak positive grid voltage, and 

lc • 0-c grid current. 

ecmp may be measured by means of a suitable peak voltmeter connected 
between fllamenl and grid' . 

Scre e n Dlaalpatlon-The pawer dissipated by the screen of the -4-12SA 
must not exceed 20 watts. Screen dissipation Is likely to rise to excessive ~alues 
when the plate voltage, bios voltage or plate load ore removed with filament 
ond screen voltages applied. Suitable protective means must be provided to 
limit screen dissipation to 20 watts in the event of circuit failure. 

4 For su1tab1c pe•k v.t.v.• . clrcult1 sec, for instdhCe, ''V•c.uum Tube: Rdt1n9s," Eht1ec 
News, J.nuary, 1945. This •rtld, Is avail•ble In reprint fonn on reouut. 
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Plate Dissip atio n-Under normal operating conditions, the plate diuipo• 
tion of the 4-125A should not be allowed to exceed 125 walls in unmodulated 
applications. 

In high-level-modulated ompliAer applications, the maximum allowable 
carrier-condition plate dissipation is 85 watts. The plate dissipation will rise 
to 125 watts under l 00% sinusoidal modulation. 

Plate dissipation in excess of the moi<imum roting is permissible for short 
periods of time, such as during tuning procedures. 

OPH ATION 
Clou-C Tele1 raphy o r FM Telep hony-The 4-125A may be operated 
os o doss-C telegraph or FM telephone ompllfler without neutralization up to 
about 30 Mc. if reasonable precautions ore token to prevent coupling between 
input and output circuits external to the tube. A grounded metallic plate on 
which the socket may be mounted as shown in the mounting diagram on page 
two provides on effective isolating shield between grid and plate circuits. In 
single-ended circuits, plate, grid, fllomenl and screen by-poss capacitors 
should be returned through the shortest possible leads to o common chassis 
point. In push-pull application, the fllomenl and screen terminals of each tube 
should be by-passed too common chassis point by the shortest possible leads, 
and short, heavy leads should be used to interconnect the screens and fllo­
menls of the two tubes. Care should be token to prevent leakage of rodio­
frequency energy lo leads entering the omplifler, to prevent grid-plate 
coupling between these leads external to the omplifler. 

Where shielding i• adequate, the feed-baclc al frequencies above l 00 
Mc. is due principally to screen-lead-induct~nce effects, and It becomes neces• 
sary to introduce in-phase voltage from the plate circuit into the grid circuit. 
This con be done by adding capacitance between plate and grid external 
lo the tube. Ordinarily, a ,moll metal tab approximately ¾-inch square con­
nected to the grid terminal and located adjacent to the envelope opposite 
the plate will suffice for neutralization. Means should be provided for adjust­
ing the spacing between the neutralizing capacitor plate and the envelope, 
but core must be token to prevent the neutralizing plate from touching the 
envelope. An alternative neutralization scheme is illustrated in the diagram 
below. In this circuit feed-bock is eliminated by series-tuning the screen to 
ground with a small capacitor. The socket screen terminals should be strapped 
together, as shown on the diagram, by the shortest possible lead, and the 
leads from the screen terminal lo the capacitor, C, and from the capacitor to 
ground should be mode as short as possible. All connections lo the screen 
terminals should be made la the center of the strap between the terminals, 
in order to equalize the cvrrent in the two screen leads and prevent over­
heating one of them. The value for C given under the diagram presupposes 
the use of the shortest possible lead,. 

Al frequencies below 100 Mc. ordinary neutralization systems may be used. 
With reasonably effective shielding, however, neutralization should net be 
required below about 30 Mc. 

The driving power and power output under typical operating condition,, 
with maximum output and plate voltage, ore shown on page 4. The power 
output shown is the actual plate power delivered by the tube; the power 
delivered lo the lead will depend upon the efficiency of the plate tonk and 
output coupling system. The driving power i• likewise the driving power re­
quired by the tube (includes bias lass). The driver output po".'er should exceed 
the driving power requirement by a sufficient margin to allow for coupling• 
circuit losses. These losses will not ordinarily amount to more than 30 or 40 
per cent of the driving power, except at frequencies above 150 Mc. The use 
of silver-plated linear tank-circvit elements is recommended at frequencies 
o bove 100 Mc. 

Conventional capacitance-shortened quarter-wove linear grid tank circuits 

>OOA 

Screen-tuning neutralization circuit for use above l 00 Mc. 
C Is a small split-stator capacitor. 

640,000 
C(!'l'fdl - f' (Mc.) , oppro•. 

having a calculated lo of 160 ohms or less ,nay be used with the 4-1 25A 
up ta l 75 Mc. Above 175 Mc. linear grid tank circuit> employing a "capocitor"­
lype shorting bar, as illustrated in the diagram below, may be used. The 
copocitor, C1, may consist of twa silver-plated brass plates one inch square 
with o piece of .010-inch mica or polystyrene as insulation. 

Clou-C AM Te le phony-The r-f circuit considerations discussed above 
under Closs-C Telegraphy or FM Telephony also apply to amplitude-modu­
lated operation of the 4- l 25A. When the 4- l 25A is used as o closs-C high­
level-modulated amplifier, modulation should be applied to both plate and 
screen. Modulation voltage for the screen may be obtained from o separate 
winding on the modulation transformer, by supplying the screen voltage via o 
series dropping resistor from the unmodulated plate supply, ar by the use 
of on audio-frequency reactor in the positive screen-supply lead. When screen 
modulation is obtained by either the series-resistor ar the oudio-reactar 
method, the audio-frequency variations in screen current which result from 
variations in plate voltage as the plate is modulated automatically give the 
required screen modulation. Where o reactor is used, it should have a roted 
inductance of not less than l 0 henries divided by the number of lubes in the 
modulated amplifier and o maximum current rating of two or three times the 
operating d-c screen current. To prevent phase shift between the screen and 
plate modulation voltages al high audio frequencies, the screen by-pass 
capacitor should be no larger than necessary for adequate r-f by-passing. 
Where screen voltage is obtained from o separate winding on the modulation 
transformer, the screen winding should be designed to deliver the peak screen 
modulation voltage given in the typical operating data on page l. 

For high-l"vel modulated service, the use of partial grid-leak bias is recom­
mended. Any by-pass capacilors placed across the grid-leak resistance should 
hove a reoclance at the highest modulation frequency equal to al least twice 
the grid-leak resistance. 

Clon-Al1 o nd Clon-Al 2 Audio-Two 4-l 25A's may be used in o push­
pull circuit to give relatively high audio output power at low distortion. Maxi­
mum ratings and typical operating conditions for class-AB1 and clau-A82 
audio operation ore given in the tabulated data. 

When type 4-l 25A tubes ore used a, class-A81 or class-A82 audio ampli­
fiers al l 500 plate volts, under the conditions given under "Typical Opera• 
tion," the screen voltage must be obtained from a source having reasonably 
good regulation, to prevent variations in screen voltage from zero-signal to 
maximum-signal conditions. The use of voltage regulator lubes in a standard 
circuit will provide adequate regulation. The variation in screen current al 
plate voltages of 2000 and above is low enough so that any screen power 
supply having o normal order of regulatian will serve. The driver plate supply 
makes o convenient source of screen voltage under these conditions. 

Grid bias voltage for cJoss-AB2 service may be obtained from batteries 
or from a small fixed-bias supply. When o bias supply is used, the d-c 
resistance of the bias source should nal exceed 2 50 ohms. Under doss-AB 1 
conditions the effective grid-circuit resistance for each tube should not exceed 
250,000 ohms. 

The peak driving power figures given in the closs0 AB2 tabulated data ore 
included to make possible an accurate determination of the required driver 
output power. The driving amplifier must. be capable of ,upplying the peak 
driving power without distortion. The driver stage ,hould, therefore, be cap­
able of providing an undistorted average output equal to half the peak 
driving power requirement. A small amount af additional driver output should 
be provided to allow for losses in the coupling transformer. 

The pawer output figures given in the tabulated data refer to the total 
pawer output from the amplifier tubes. The useful power output will be from 
S to 1 5 per cent less than the flgures shown. due to losses in the output 
transformer. 

L• L 

-Ee, +Ec.1 ♦E■■ 

Typical circuit arrangement uHful for frequencies above. 
175 Mc. 

Ct-See above. 
C2-Neulralizing capacitar. 
C3-.00lµfd. 
C•-1 00µµfd . 

L 1-¼• dia. copper spaced, 
1 • center-to-center, 6• long. 

L2-1/,• die. brass, silver plated, 
spaced I½• center-lo-center, 
1.c• long. 

Page Three 
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~MIN. 
COMPONENTS FOR TYPICAL CIRCUITS 

(0iograms, Page 5) 

lp 1 ·Cp1-Tank circuit appropriate for operating frequency; Q - 12. 
Capocitor plate spacing = .200". 

lp2·Cp2-Tank circuit appropriate for operating frequency; Q = 12. 
Capacitor plate spacing =.200". 

lp3•Cp3-Tank circuit appropriate for operating frequency; Q • 12. 
Capacitor plate spacing =.375". 

lp4•Cp4-Tank circuit appropriate for operating frequency; Q = 12. 
· Capacitor plate spacing • .375". 

Lg t -Cg 1-Tuned circuit appropriate for operating frequency. 
lg2·Cg2-Tuned circuit appropriate for operating frequency. 
Ci-.002-µfd., 500-v. mica 
C2-.002-µfd., S0OO-v. mica 
C3-.001-µfd., 2500-v. mica 
C4- l 6-µfd., •50-v. electrolytic 
Cs- 10-µfd., 25-v, electrolytic 
Ri-7000 ohms, 5 watts 
R2-70,000 ohms, 100 watts 
R3-3500 ohms, S watts 

2 ¾ MAX.DIA. R4-35,000 ohms, 200 watts 
R5-560 ohms, 1 watt 

4000 

M>OO 

~ 2500 
.J 
0 
> 2000 

8 
<II 
I-

i e 
ii: 
"' 3 
~ 4 

I,) 
z > 3 
ii 
0 

2 

,___ 

-,___ 
,___ 

L5 
I 

Paye /<'our 

G, 

SPINS 
.188 1.003 DIA. 

a.¼·-- G, ---
' $ 

Fl F 58K 

Rt,-25,000 ohms, 2 watts 
R7- 1 500 ohms, 5 watts 
RFCt-2,5-mhy., 125-ma. r-f choke 
RFC2- 1-mhy., S00-ma. r-f choke 
T1- l 0-watt driver transfonner; ratio pri. to ½ sec. approx. 2: 1. 
T2-200-watt modulation transformer; ratio pri, to sec. approx. 1: 11 

pri. impedance - 16,200 ohms, sec. impedance • 1 6,500 ohms. 
T3-5-watt driver transformer; ratio pri. to ½ sec. approx. 1.1, 1. 
T 4-•00-watt modulation transformer; ratio pri. to sec. approx. 2.7: 1; 

pri, Impedance= 22,200 ohms, sec. impedance= 8300 ohms. 

CLASS·C TELEGRAPHY 

' ·" CLASS·C TELEPHONY 

EIMAC 4·125A " L"-. 
MAXIMUM RATED PLATE VOLTAGE 

" ~ VERSUS FREQUENCY 

I I I 

POWER OUTPUT 

' \ 
EIMAC 4-125A TYPICAL PERFORMANCE 

\ 
CLASS·C TELEGRAPHY AT MAXIMUM 

RATED PLATE VOLTAGE 
DRIVING POWER ANO POWER OUTPUT 

VERSUS FREQUENCY ~ 

I 
I 

I 

/ 
/ 

~'t' 
DRIVING POWER l.,.....,-' 

2 3 4 8 8 10 20 30 40 80 80 100 200 '300 

FREQUENCY - MEGACYCLES 
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~ (4D211 

.. ... 

SHICl.01 

I 

I L ____________ J 

Typical radio-frequency power ampliAer circuit, Clau-C 
telegraphy, 500 watts input . 

.. 

... 

UT 

+I.OOV +lMOV M)l,I 
IOOWA ••a..u. DIIIIM:R 
W:o\A VA>,,, .J J-.tn 

Typical high-level-modulated r-f amplifier circuit, wilh modulator 
and driver stages, 380 walls plate input. 

SHltLOj 

I 
I 
I 
I 
I 

Po 
OIIIIVIIIC ,owe,-) , ILAMltNT VOL TS 

'7.tWATTS lOY. 
,_0 WAl'TS S.O Y 

RF'Ca. 

Typical radio-frequency power ampliAer circuit, Clou-C 
telegraphy, I 000 wc,th input. 

I R, 

I 
• I 

L- ---- ------~ 

Typical high-level-modulated r-f a m1~lifler circuit, with modulator 
and driver stages, 750 ~•alls plate input. 

SEE PRECEOING PAGE FOR LIST OF COM PONENTS 

Page Five 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

'"l:
l 

$
;)

 
C

Q
 

a
, en
 

H.
 

"
0

 
:,

. a &.
 

:;
 

C
 v,
 ;> I • 

.....
 

3
0

0
 

2
0

0
1 ) 

,n
 

~
 

0 
10

( 
>

 

IL
i 

(!
) 

C
l 

1-
­

J 0 >
 

0 0:
: 

(!
) 

) I 

-1
0

0
 ' 

-2
0

( 
0 -

-
., ~
 - / 

~
 ~
 

"
/ 

r'-
. ~
 

/ 
~
 

""
'-.

 
I .....

 

""""-
.....

 
... 

'\
 

f
,_

 -

l 
_,,

,,,:
z..,

O 
~
 

5
0

 

\ 
V

 
_

z<
P 

/
"
 

.....
 
~
 

L
.,

' 

_:
-

\v
 

I
/
 

~
 

l/
 

V
' 
~
 

~
 

.J
' 

'-
-
--.

 
/ 

.... 
~
 

----
~

 
~
 

... """
' 

,....
 -,ii

i 

--
/ 

~
 
--

.....
. L

 I/
 

' 
J 

i,
,-

-I,.
. ,

 
/ 

.--
-

-
u 

j 
... ~
 

I 
·~

 
UJ

 

5
0

0
 

10
00

 

-
-·-

• 
--

I 
E

IM
A

C
 

4
-1

2
5

A
 

C
O

N
S

T
A

N
T

 
C

U
R

R
E

N
T

 
C

H
A

R
 A

C
 T

E
R

I S
T

 I 
C

S
 

S
C

R
E

E
N

 
V

O
L 
rA

G
E

 •
 3

,5
0

 V
O

L
T

S
 

1,
1!

>
0 

P
L

A
T

E
 C

U
R

R
E

N
T

 •
 A

M
P

E
R

E
S

 
I 

S
C

R
E

E
N

 G
R

ID
 C

U
R

R
E

N
T

· A
M

P
E

R
E

S
 

I 

C
O

N
T

R
O

L
 G

F 
ID

 C
U

R
I 

E
N

T
 -

A
M

P
E

R
E

S
 

oo
• -

.0
5

0
 

'°' 
.O

!>
O 

ft. 
1.e

oo
 

5 
I 

·-
~
 

.o
tO

 
.uJ

. 

1
~

' 
.,.,

,. 

0 

15
0

0
 

2
0

0
0

 
25

00
 

3
0

0
0

 
3

5
0

0
 

4
0

0
0

 

P
L

A
T

E
 

V
O

LT
A

G
E

 -
V

O
L

T
S

 

.. ~
 

• 
; 4

 I 
t 

.
. ,

I'
 •

• 
l 

• 
f 

•, 
.. 

"'!
 
' . 

► 
' ..

 
. 

• 
, 

.. 
JIA

 

I 

.. 
... . . , 

-
i!

Q
 

.
, .
. 

._
_ - 4
5

0
0

 

• -

T
 

~
· 

0 
-

..
, 

I,
) 

U
I 

·, 

►
 

' 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

t 

4-250A 
RADIAL-BEAM 

POWER TETRODE 

• 
MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimec: 4-250A 11 • c:ompect, ruggedly constructed power tetrode hning • mHimum plete 
diHipation reting of 250 wett,. It ii inte nded for u1e H en emplifier, 01cilletor or moduletor. The 
low grid -pl•t• cepecitenc• of thi1 tetrode coupled with ih low driving-power requirement ellow1 
con,idereble 1imp lificetlon of the u1ocieted circuit end driver 1♦-9•. 

The 4-250A i, cooled by redietion from t he plete end by circuletion of forced-eir t hro ugh the 
bue end eround the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filement: Thorieted tungsten 
Voltege 
Current 

Grid-Screen Amplificetion Factor (Average) • 
Direct lnterelectrode Cep1citence1 (Averege) 

Grid-Pie♦• 
Input 
Output 

Tren1conductence (I•= 100 me., ~=2500V,, E,,=500V.) 
Frequency for Maximum Reting1 

MECHANICAL 
Base 
Recommended Socket 

Buing 
Mounting Position 
Cooling • 
Recommended HH♦ Oinipating Plete Connector 
Maximum Overell Oimen1ion1: 

length 
Diameter -

Nat Weight 
Shipping Weight (Average) 

5.0 volts 
14.5 emp•r•• 

5.1 

0.12 µ.µ.f d 
12.7 µ.µ. fd 
4.5 µ.µ fd 

4000 µ.mho1 

• 75 Mc. 

5-pin metal ,hell 
• E. F J ohn1on Co. 1oc~at No. 122-275, 

Nationel Co. No. HX-100, or equivalent. 
- SH drawing 

Vertical, bue down or up 
Radietion end forced eir 

- Eimec HR-6 

6.38 incha1 
3.56 incha1 
8.0 ounc■1 
2.0 pound, 

Hole: Typical operation data are based on condition, of •d\u•tin9 to • specified plate current, malntalnln9 fiud condition, of 9rid bias, screen volta9e, 
and r-f 9rid volta9e. It will be found ·that If this procedure , followed1 there will be little variation in power output between tubu even tnou9h there may 
be some variation In 9 rld and screen currents, Where 9rid biu h obtained prlnclpally by mun, of a 9rld re1l1tor, to control plate current it h neceuary 
to make the re,illor, adjustable. 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Clu,-C FM or Telegrephy 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE' 
0 -C SCREEN VOLTAGE 
D-C GRID VOLTAGE -
0-C PLATE CURRENT • 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

( Key-down condition 1, I tube) 

4000 MAX. VOLTS 
600 MAX. VOLTS 

-500 MAX. VOLTS 
350 MAX. MA 
250 MAX. WATTS 
35 MAX. WATTS 
10 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Clau-C Telephony 
( Carrier conditions unless otherwise specified, I tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE' 
D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE • 
D-C PLATE CURRENT • 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

3200 MAX. VOLTS 
600 MAX. VOLTS 

-500 MAX. VOLTS 
275 MAX. MA 
165 MAX. WATTS 
35 MAX. WATTS 
10 MAX. WATTS 

(Effective 8,15-52) Copyright 1952 by Eitel-McCullough, Inc. 

TYPICAL OPERATION (Frequencies below 75 Mc. ) 
D·C Plate Volta9e 2500 
D-C ScrHn Volta9e 500 
D-C Grid Volla9e -ISO 
D-C Plate Current 300 
D-C Ser••• Current 60 
D-C Grid Current 9 
Ser••• Dlulpalion 30 
Grid Dlulpetlon 0.35 
Puk R-F Grid Input Volta9e (approx.) 220 
Drlvln9 Power (approx.)' 1.70 
Plate Power Input 750 
Plate Diuipatlon • 175 
Plate Power Output 575 

TYPICAL OPERATION (Frequencl11 bel- 75 Mc.) 

D-C Plate Volta9e 
D-C Ser••• Volta9e 
0-C Grid Volla9e 
D-C Plate Current 
D-C ScrHn Corren! 
D-C Grid Current 
Puk A-F ScrHn Volta9e (100% modulation) 
Screen Dh1lp1tion 
Grid Dlulpalion 
Puk R-F Grid Input Voll1ge (approx.) 
Driving Power (approx.) 
Plate Power Input 
Plate Diuipatlon 
Plate Power Output 

3000 
500 

-IIO 
345 

'° to 
30 

0.1 
2'5 
u 

1035 
235 
800 

2500 
400 

-200 
200 

30 

' 350 
12 
I.I 

255 
2.2 
500 
12S 
375 

'4000 volts 
500 volts 

-225 volt, 
312 ma 

45 ma 
9 ma 

22.5 watt, 
0.4' watt, 
303 volt, 
2.4' watt, 
1250 with 
250 watt, 

1000 watt, 

3000 volts 
400 volts 

-310 volts 
225 ma 
30 ma 
9 ma 

350 volts 
ll wolfs 

l .7 watt, 
365 volh 
3.2 watts 

675 wall, 
165 walls 
510 watts 

'Above 75 Mc. the muimum plate voltage ratinc;i depends upon frequency. 
See page four. 

'Driving po._e, increo,es. above ◄0 Mc. See po9e four. 
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AUDIO-FREQUENCY POWEi AMPLIFIER 
AND MODULATOR-CLASS Al 
MAXIMUM RATINGS (PEit TUBE) 

D-C PLATE VOLTAGE -
D-C SCREEN VOLTAGE 
MAX-SIGNAL D-C PLATE CURRENT -
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

TV,ICAL OPERATION CLASS Al, 
(Sln111old•I w•ve, two tubes unle11 otfletwl .. 1peclflH) 

D-C Pl•te Volt•9e 1500 2000 2500 
D-C Screen Volt•!!e 600 600 600 
D-C &rid Volt•9e 1 , 1 - • • -'5 -104 -110 
Z.ro-Sl9n•I 0-C Pl•te Current - 120 110 120 
M•1-S19 .. I D-C Pl•te Cur.-nt - G 405 430 
Z.ro-Si9,..I D-C Sc, .. n Cu.,.ent • -0.4 ~.3 -0.3 
M .. -Sl9n•I D-C Sc,..n Current - n 22 13 
EffKtlve Lo.d, Pl•te-to-Pl•te • 6250 ti 70 11,G 
PHk A-F 6rla Input Volt•9e 

(per tube) • • -
Orlvln9 Power - • -

'4 
0 

.. 
0 

,0 
0 

3000 
600 

-114 
120 
417 

-0.2 
10.5 

15,000 

t3 
0 

volh 
volh 
volh 
me 
me 
m• 
m• 
ohms 

volh 
w•tts 

MH-S19,..I l'l•te Dl11Jp.tlon 
(per tube) - - • - 145 175 225 2SO walt1 

M•1-Sl9n•I Plate Power Output• 310 440 '2S 750 w•II• 
Tot•I H•rmonlc Di1tortlon • - 4 2.5 2 2.5 per cent 
'Adjust for stated tero,si9nol plote current. 
1The effective 9rid-circuil resistance must not exceed 250,000 ohms. 

- -4000 MAX. VOL TS 
600 MAX. VOLTS 
350 MAX. MA 
250 MAX. WATTS 

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATION CLASS Al1 
(Slnusold•I wave, two tub" unleas otherwise specified) 
D-C Pl•te Voll•9e 1500 2000 2500 
D-C ScrHn Voltec;ie JOO JOO 300 
D-C 6rld Voll•9e1 • • - -48 -48 -51 
Z.ro-Sl9 .. 1 D-C Pl•te Cur.-nt - 100 120 120 
MH0 Sl9n&.I 0-C Pl•te Current - 485 510 500 
Z.ro-Sl9n•I D-C Sc, .. n Current - 0 0 0 

34 24 23 

3000 
300 

-53 
125 
473 

0 
33 Mn-S19,..I 0-C Sc.-en Current -

Effective Lo.d, Pl•te-to-Plate - 5400 IOOO 10,,00 14,000 
PHk A·F &rid Input Volt•9e 

100 " <r.r tube) • - - • " " Mn• lc;in•I Avc;i. Orlvln9 Power 
2.1 2.3 2.2 1., l•r.pro1., - • • • 

Mn-S 9 .. 1 Hk Drlvln9 Power • 4.7 5.5 4.1 4.4 
M•1-Sl9nel Plate Dlsslp.tlon 

150 115 205 190 (~r tube) • • - • 
Mn- 1~ .. 1 Plate Power Output • 421 450 840 1040 
Tot&.1 armonlc Distortion - - 3 4 4 4.S 

volh 
volh 
volh 
me 
m• 
ma 
m• 
ohms 

volh 

watts 
••tis 
wath 
••tis 
per cent 

IF IT IS DESIRED TO OPERATE THIS TUIE UNOEll CONDITIONS WIDELY DIFFERENT FltOM THOSE 61VEN UNDElt "TYPICAL OPERATION", POSSIBLY 
EXCEEOIN6 THE MAXIMUM RATINGS 61VEN FOi CW SERVICE, WIITE EITEL-McCULLOUGH, INC., FOlt INFC>aMATION ANO IECOMMENOATIONS. 

APPLICATION 

Meclla■lcal 

► M■-... The 4-250A must be mounted vertically, ba .. down 
or base up. Tha socket must ba constructed so as to allow an 
unimpeded flow of air through tha holes in ♦ha basa of ♦ha tuba 
and mus♦ also provide claaranca for the glau tip-off which 
extends from the canter of the ba ... The tuba should be mounted 
above the chuais deck to allow fraa circulation of air in the 
manner shown in the mounting diagram below. The metal tuba­
ba.. shall should be grounded by maans of suitable spring 
fingers. The •bove requirements are mat by the E. F. Johnson 
Co. socket No. 122-275, ♦ha National Co. socket No. HX-100, 
or a similar socket. 

A flexible connecting strap should be provided be♦wHn the 
Hlt-6 HHt Di11ipetin9 Plata Connector on the plate terminal 
and the external circuit. The tuba must be protected from 
.. var• vibration and shock. 

00 0 0 0 

) \ 
4-250A mounting providing bese cooling, shielding and isolation 

of output and input compartments. 

► Indicates chonc;ie from ,heel doted 7-1-51 

Pao• Two 

C....-Adaquata cooling must be provided for ♦ha sHls and 
envelope of the 4-250A. Forced-air circulation in the amount 
of five cubic fHt par minute through the base of the tube is 
required, This air should be applied simultaneously with filament 
power. The temperature of ♦he plate saal, as mHsured on ♦ha 
top of the plate cap, should not excHd 11o•c. in continuous­
service applications. 

A relatively slow movement of air put the tube is sufficient 
to prevent • plot• sHI temperature in uc:e11 of the meximum 
rating at frequencies below 30 Mc. At frequencies above 30 
Mc:., radio-frequency losses in the leeds and envelope contribute 
to seal and envelope hHting and special attention should be 
given to bulb and plate seel cooling. A small fen or centrifugal 
blower directed toward the upper portion of the envelope will 
usually provide sufficient circulation for cooling et frequencies 
above 30 Mc. (The Eimac: 4-400A Air-System Socket provides • 
convenient method of mounting end cooling the 4-250A et VHF, 
should ♦ha user desire to use it. Full information is available on 
the 4-400A data shHt, or it will be sent from the factory on 
request.) 

In intermittent-service applications where the "on" time does 
not ucaed a total of five minutes in any ten-minute period, 
plete-seel temperatures as high es 220° C . are permissible. Whan 
the ambient temperature does not Hceed 30° C . it will not 
ordinarily be nacauary to provide forced cooling of the bulb 
end plate seal to hold the temperature below this meximum at 
frequencies below 30 Mc., provided that a heet-radiating plate 
connector is used, and the tuba is so located that normal circu­
lation of air pest the envelope is not impeded. 

Electrical 

► Alometit Y ...... -For muimum tube life the filament voltage, 
u measured directly at the base pins, should be the rated value 
of 5.0 volts. Variation, should be hald within ♦ha range of 4. 75 
to 5.25 volts. 

Illas VoltacJ•-D-c: bias voltage for the 4-250A should not Hcaed 
500 volts. If grid-laa~ bias is used , suitable protective means 
must be provided to prevent Hceuiva plate or scraen d issipation 
in the event of Ion of Hcitotion. 
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I 
l.. 

.,, 

Grl4 Dllll,.....-G,id dinipriion for the 4-250A 1hould not be 
•llowed to HCHd ten w•♦♦1. Grid diuip•tion m•y b• c•lcul•t•d 
from the following Hprenion: 

P, - . ... ,1. 
where P,=6rid diuip•♦ion 

• •••-PHk po1i♦ive grid volt•g•, •nd 
I. - 0-c grid current. 

••m• m•y be mHsured by mHn1 of • sui♦•ble pHk voltmeter 
connected betwHn fil•m•n♦ •nd grid'. 

~ Y ...... -Th• d-c scrHn volt•g• for the 4-250A should 
not elcHd 600 volts. 

~ Dhtlp...._ Th• power dl11lp•♦•d by the scrHn of the 
4-250A must not HCHd 35 w•th. ScrHn dlnlp•♦ion is likely to 
riH to exceuive values when the pl•♦• volt•ge, bi•• vol♦•g• or 
pl•♦• lo•d i1 removed with filament and screen voltages applied. 
Suitable protective mHns must be provided to limit 1crHn 
diuip•♦ion to 35 w•♦h in the event of circuit f•ilure. 

,.._ Y ...... -Th• plate-supply voltage for the 4-250A 1hould 
not HCHd 4000 volts for frequenciea below 75 Mc. Above 75 
Mc., the mHimum perminible plate volt•g• i1 leu than .000 
volts, u shown by the gr•ph on page four. 

,.._ Dlai,lff•-Undar normal operating condition,, the/l•t• 
diuipation of the 4-250A 1hould not be allowed to HCH 250 
wa♦♦s in unmodulated applications. 

In plate-modulated amplifier application,, the mHimum allow­
able carrier-condition plate diuipa♦ion is 165 watt,. 

Pl•♦• di11ipa♦ion in Hce11 of the muimum rating is perml11ible 
for short periods of time, 1uch •• during tuning procedurea. 

Operatlow 
Clau-C PM• T,1,..,.., -The 4-250A mey be operated ,u • 
cla11-C amplifier, FM or telegraphy, without neutraliz•tion up to 
30 Mc. if rH1on•ble precaution, ere taken to prevent coupling 
betwHn input and output circuits external to the tuba. A 
grounded metallic pie♦• on which the 1ocket m•y be mounted 
and to which 1uitable connectors may be •♦t•ched to ground the 
tube bue shell, providea en effective i1olating shield betwun 
grid •nd plate circuits. In 1ingle-ended circuih, plate, grid, fila­
ment •nd scrHn by-p•n c•p•citor1 1hould be returned through 
the shortest pouible IHds to • common che11ls point. In push­
pull applications the fil•m•n♦ and 1crun termin•ls of Heh tube 
should be by-paned to • common che11is point by the shortest 
pouible IHds, end short, huvy l .. d, should be used to inter­
connect the 1crHn1 •nd fil•m•nh of the two t ubes. Care should 
be ♦•ken to prevent IHhge of radio-frequency •n•rgy to IHd1 

Screen-tuning neu♦r•liution circuit for UH above 45 Mc. 
C - Appro•imetely IOOµµfd. per section, mHimum. 

entering the amplifier in order to minlmiu grid-pl•♦• coupling 
betwHn the .. IHds external to the amplifier, 

At frequencies from 30 Mc. to 45 Mc. ordinary neutr•liz•♦ion 
system, m•y be used. 

Where shielding Is •d•qua♦-, the fHd-back •t frequenciea 
above 45 Mc. ls due principally to screen-lHd-induc♦ence 
effect,, and it bacome, nece ... ry to introduce in-phue volt•g• 
from the plate circuit into the grid circuit. This can be done by 
adding capacitance betwHn pl•♦• •nd grid •ri•rn•I to the tube. 
Ordin•rily, • small metal ♦•b approxim•tely ¾-inch square con­
nected to the grid ♦ermin•I and louted •diacent to the envelop• 
opposite the plate will 1uffice for neutr•liu♦lon. MHns should 
be provided for adjusting the spacing be♦wun the neutralizing 
capacitor plate and the envelope. An •ltern•tive neutraliHtion 
scheme is illu1♦rated in the diagr•m below. In this circuit. fud­
back Is eliminated by .. ,ies-tuning the scrHn to ground with • 
sm•II capacitor. The socket screen terminals should be str•pped 
together, •• 1how11 on the diagram, by the shortest possible IHd, 
and the IHds from the screen terminal to the capacitor. C, and 
from the capacitor to ground should be made u short H po11-
ible. 

Driving power and power output under mHimum output end 
pl•♦• volt•g• conditions are 1hown 011 page 4. The power output 
shown is the actual plate power delivered by the tube; the 
powar delivered to the loed will depend upon the efficiency of 
the plate tank and output coupling system. The driving power is 
likewi .. the driving power required by the tube (includes biu 
Ion). The driv•r output power ahould ••ceed the driving power 
requirement by • sufficient meNJin to allow for coupling-circuit 
Iona,. The UH of silver-plated linHr tenk-circuit elements is 
recommended for •II frequencies aboH 75 Mc. 

Clw-C AM T1llp•1-, The r-f circuit considerations discuued 
above under Clus-C FM or Telegraphy •lso apply to amplitude­
modulated operetion of ♦ha 4-250A. When the 4-250A is used 
H • clau-C plate-modulated amplifier, modul•tion should be 
•pplied to both pl•t• •nd scrHn. Modul•tion voltage for the 
scrHn m•y be obtained from • .. per•♦• winding on the modu­
l•tion transformer, by 1upplyi11g the screen volt•g• vi• • .. ries 
dropping resistor from the 11nmoduleted plate 1upply, or by the 
111• of •n a11dlo-freque11cy rHctor in the positive 1crHn-111pply 
IHd. When scrHn mod11l•tion i1 obtained by either the .. ries­
re1i1tor or the •11dio-ructor method, the elldlo-frequency v•ri•­
tion, in scrHn current which re111lt from the variation, in plate 
voltage u the plate i1 mod11leted ntom•tic•lly give the required 
scrun modul•tion. Where • rHctor i1 used, it 1ho11ld have • 
r•t•d ind11c♦anca of not Ian than IO henries divided by the 
n11mber of ♦11be1 in the mod11lated amplifier end • mHim11m 
current rating of two or three tlme1 the operating d-c scrHn 
c11rrant. To prevent pheH 1hift between the scrHn end plat• 
modulation voltega1 et high eudio frequencies, the scrHn by­
pus capacitor should be no larger than neces .. ry for adequ•t• 
r-f by-paning. 

For plate-mod11la♦-d .. rvice, the use of partial grid-lHk bia1 
Is recommended. Any by-pau capacitors placed acrou the qrid­
lHk re1istance 1ho11ld have • rHctance at the highest mod11la­
tion frequency eq11al to at IHst twice ♦ha grid-lHk resistance. 

a-.AI, ad a-.AI, ...._ -Two 4-250A', may be 11 .. d in 
• p111h-p11II circ11it to give relatively high alldio output power at 
low distortion. MHim11m r•ting, and typical operating conditions 
for cl•ss-AB, and claas-AB: audio operation are given in the 
t•bulated data . 

Screen voltage sho11ld be obtained from • so11rce having 
reuonably good reg11la♦ion to prevent variations in scrun volt­
age from zero-signal to mHimum-signal conditions. The IIH of 
volt•g• regulator tuba, in • standard circuit 1ho11ld provide ade­
q11ata reg11lation. 

Grid biu voltage for claas-AS. service may be obtained from 
bat♦erie1 or from • small flHd-bias s11pply. When • biu 1upply 
11 111ed the d-c resistance of ♦ha biaa source should not HcHd 
250 ohms. Under clus-AB, conditions the effective grid-circ11it 
resistance sho11ld not HcHd 250,000 ohms. 

• for suitable peok v.t.v.m. c ircuih see. for in1~nce, "Vacuum Tube 
Rotin91."" Elmac News, January, 1945. Thi, a rticle i• eva,leble in reprint 
form on reque1t. 

Page ThrH 
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.;,, (SOn) 

The pHk driving power figures g iven in the 

clHs-AB. tabulated data are included to make 

possible an accurate determination of the required 

driver output power. The driver amplifier must be 

capable of S"J>plying the peak driving power with­

olt♦ distortion. The driver stage should, therefore, 

be capable of p roviding an undistorted average 

outplt♦ equal to half the pHk driving power re• 

quirement. A small amount of additional driver 

olt♦put should be provided to allow for losses in the 

coupling transformer. 

In some cases the maximum-signal plate dissipa­

tion shown under "Typical Operation" is less than 

the maximum rated plate d issipation of the 4-250A. 

In these cases, the plate dissipation reaches a 

maximum nlue, equal to the maximum rating , at a 

point somewhat below maximum-signal conditions. 

The power output figures given in the tabulated 

date refer to the total power output from the 

amplifier tubes. The useful power output will be 

from 5 to 15 per cent less than the figures shown. 

due to losses in the output transformer. 

4 00 0 

sooo 
• EIMAC 4- 250A 

I I I 
CLASS-C 

r..1 ·••-l'l. 

► 
~ MAX- IIATED PLATE Y°'-TAH 
> 

too 0 

800 .. 
► 

i 
;.. 
i 500 

a ., 
I soo 

t 

0 

5 

VDIIUS 
,R[OUfllCY 

l~IMAC 4-250A TYP1r.A1 PERFC ' .. 
CLASS·C TlLHRAl'lfY AT IIWI-

RAT[O PLAT[ VOLTAI[ 

OltlVIIII POWlR /111/J ,ow[R OUTPUT 
VlRSUS fR[OUlNCY 

-,uoo 

J 

•l .R.LA...U. 

I 
TELEGIIAPlfY 

,v 

R nuT•• 
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10 
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♦IOO'II, ........ 

I 
I 

'I I Ct 

L.- --

I 
I 
I 
I 
I 
I , ........ 
I 
I 
I 

H 
I ___ J 

♦IOOOY, --· 
TypiC41I radio fraquancy power amplifier circuit, Cle11-C 

telegraphy, I 000 watts input. 

w 

....... 

.. 

Typicel high-levol-module♦ed r-f emplifier circuit, with 

module♦or end driver steges, 1000 watts input. 

... I 
I 
I 
I 
I 
L--- -----------J .. 

TypiC41I high-level-modulated r•f amplifier circuit, with 

modulator stage, 675 wetts input. 

COMPONINTS POI TYPICAL c11cum 

1.,1• C , 1 - Tenk circuit eppropri•t• for opere♦ing frequency: 
Q = 12. Cepeci♦or ple♦e ,peeing - .200". 

L.s. C 0, - Tenk circuit eppropriete for operating frequency: 
Q = 12. Capeci♦or plete spicing= .200". 

L., - C ., -Tenk circuit appropriate for opere♦ing frequency: 
Q = 12. Capecitor ple♦e specing = .375". 

L,, -C, , - Tuned circuit •ppropri•t• for operating frequency. 
L,. -C,. - Tuned circuit approprie♦e for opereting frequency. 
C, - .002-ufd. 500-v. mice 
C,- .002-ufd. 5000.v mica 
C,- .001-ufd., 2500-v. mice 
C, - .1-ufd., 1000-v. peper 
C.- .1-ufd. 600-v. peper 
C. - .5-ufd. 600-v pepor 
C , - .03-ufd., 600-v. peper 
C,- . l .ufd., 1000.v. peper 
C.- .25-ufd., 1000-v. peper 
R, - 86,700 ohms, edjusteble 100,000 ohms, 100 wetts 
R, - 250,000 ohms, lfl wet♦ 
R, - 15,000 ohms, 5 wetts 
R, - 25,000 ohms, 2 wetts 
R. - 2,500 ohms, 5 wetts 
R, - 35,000 ohms, 160 wetts 
R, - 250,000 ohms, 'h wet♦ 
R.- 200,000 ohms, 2 wet♦s 
R,t - 500 ohms, II, wet♦ 
R11 - I megohm, 11, wet♦ 
Ru- 100,000 ohms, I wet♦ 
R,. - 200,000 ohms, 1/, wet♦ 
R,. - I 0,000 ohms, 1/, wet♦ 
Ru- 50 ohms, 10 wet♦s 
R,. - 100,000 ohms, 100 wetts 
RFC, - 2.5-mhy., 125-ma. r-f choke 
RFC, - 1-mhy., 500,ma. r-f choke 
T, - 350-watt moduletion trenJformer: re♦io pri. to sec. epprox. 

1.5 : I ; pri. impedence 20,300 ohms, soc. impedence 13,300 
ohms. 

T, - 600-wet♦ module♦ion ♦rensformer; ratio pri, to soc. eppro•. 
I .I : I ; pri. impedance 11 ,400 ohms, soc. impedence 6,250 
ohm1. 
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EI TE 0 U G J-4, I N c. 

The Elm•c 4-400A I, • comp•ct. ru99edly conllructed powor tetrode h .. 109 • mHlmum pl•t• diulp•tion 
r•tin9 of 400 w•th. It h Intended for UH •• •n •mplifler, o.cill•tor or modul•tor. The low 9rid-pl•t• up•cit•nce 
of thl, tetrode coupled with lh tow drlvin9-power requirement •llow, conlider•blo olmplific•tion of the •Ho• 
ct,ted circuit •nd driver sta91. 

4-400A 
RADIAL-BEAM 

POWER TETRODE 

• 
MODULATOR 

OSCILLATOR 

AMPLIFIER 

► Tho 4-400A 1, cooled by ••di•tion from the pl•t• •nd by clrcul•tion of forced-•lr throu9h the b•••• •r<Mlnd 

► 

► 

the envelope, •nd over the pl•t• •••I. Coolln9 cu be 9rHtly olmplilled by u,ln9 •• Elm•c 4-400A Alr-Sy.tem 
Socket end lh •ccompuyln9 9l•u chimney, Thi, ,ocket is dHi9ned to m•lnt•ln the correct b•luce of coolln9 
•Ir belwHn the component p•rt• of tho tube. t 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriat•d tungsten 

Voltage 

Current 

Grid-Screen Amplification Factor ( Av•r•ge) 
Direct lnterel•ctrode Cepacit•nces (Av•r•g•) 

Grid-Plat• 

Input 

Output 

Transconductance (i• = IOOme., E. =2500V., Ec,-=SOOV.) 

Fr•quency for Maximum R•tings 

MECHANICAL 
BeH 
Basing 

Mounting Position • 

Cooling 

Recomm•nd•d Heat Dissipating Plate Connector 

Recommended Socket 

Maximum Over-All Dimension, 

length 

Diameter 

Net Weight 

Shipping Weight 

5.0 volts 

I '4.5 amperes 
5.1 

0.12 µ.p.fd 

12.5 µ.p.fd 

'4.7 p.p.fd 

'4,000 p.mhos 

110 Mc. 

SH drawing 

SH drawing 

Vertical, base down or up 

Radiation end forced 1ir 

If an Air-System Socket is used, mounted on a 1/4 inch deck, the overall dimensions of the system including 
HR-6 Hut Dissipating Plate Connector ere: 

length 

Diameter 

6.38 inches 

3.56 inches 

9 ounces 

2.5 pounds 

chimney end 

8.0 inches 

5.5 inches 

Note: Typical operation d•t• •r• b•s•d on conditions of •diustin9 to • spec ified plate curr•~t, maintainln9 fi11d condit ion, of grid bias, screen 
volta90, end r-f 9 rid voltage. It will be found th•t if thi, procedure is followed, there will be little variation in power output batwHn tubes oven 
though there may be some v•rlation in grid end , crHn curronh. Whore 9rid bie, i, obt•ined principally by mHn1 of • grid re,lstor, to control 
plate c urrent it h n1c1u1ry to make the resistor adjustable. 

► RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Clau-C Telegraphy or FM Telephony 

MAXIMUM RATINGS (Key-down conditions, per tube to 110 Mc.) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

TYPICAL OPERATION (Frequencies below 75 Mc .• one tube) 
D-C Plato Voltage • 2500 lOOO 4000 volts 
D-C ScrHn Voltogt 500 500 500 volts 
D-C Grid Voltogt -200 -220 -220 volts 
D,C Plate Current lSO lSO 350 m• 
D•C Screen Current 44 44 40 ma 
D·C Grid Current II 19 II ma 
Sert•• Diu ipalion 2l 23 20 watts 
Grid Dissipation • I.I 1.9 I.I wath 
Peak R-F Grid Input Voltogo 300 320 no volts 
Driving Power• • 5.4 , .1 5 .1 wotts 
Plate Power Input 175 1050 1400 w•tt• 
Pl•I• Dln ipatioo • 235 250 300 watt, 
Plett Power Output ~ 800 1100 wotts 
• Driving Power increues as frequency is increased. At 7S Mc. the 
driving power required is appro,cimotely 12 watts. 

► fGuarontee applies only when the ◄·400A i, used 0 1 specified ""ith 
adequate air in the ◄-400A Air-Svstem Socket or equivolent, 

'4000 MAX. VOLTS 
600 MAX. VOLTS 
350 MAX. MA 
'400 MAX. WATTS 
35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATION ( 110 Mc., two tubes) 

D-C Pl•tt Voltogt 3500 4000 

D-C Screen Voltage 500 500 

D-C Grid Volt•g• -170 -170 
D-C Plott Curr•nt 500 540 

D-C Screen Current ).4 31 

D-C Grid Current 20 20 

Orivift9 Power (approx.) 20 20 

Plote rower Output (approx.) 1300 1600 

u,eful Power Output "'° 1440 

(Effective 1-30-53) Copyright 1953 by Eitel-McCullou9h, Inc. 
► Indicates chan9e from sheet dated ◄•I -SI. 

volt. 

volts 

volh 

m• 
mo 

m• 
w1ttt 

w•tt1 .... , 

wigfi
Stolen 2 Line Transparent
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PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

··•· 
4-400A--------------

Cle11-C Telephony (Carrier eondition1 unleu otherwise speeified. One tube) 
MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE • 

D-C GRID VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION • 

SCREEN DISSIPATION 

GRID DISSIPATION • 

► AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR-CLASS AB 
MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 

3200 MAX. VOL TS 

600 MAX. VOLTS 

-S00 MAX. VOLTS 

27S MAX. MA 

270 MAX. WATTS 

3S MAX. WATTS 

10 MAX. WATTS 

MAX-SIGNAL D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION • 

TYPICAL OPERATION CLASS AB, 
(Slnu,oldal wave, two tubu uni us otherwise specified) 
D-C Plate Voltege - 2500 3000 3500 4000 volts 
D-C Sc,-en Volta9e • • 7SO 750 750 750 volts 
D-C Grid Volta9e (app,01. )• -130 -137 -l◄S -150 volts 
Zero-Slgnel D-C Plate Current 190 160 l◄O 120 ma 
Mar•Si9nal D·C Plate Current 635 635 610 585 ma 
Z.ro-Sl9nal D•C ScrHn Current O O O O ma 
MH-Si9nal D-C Sc,Hn Current • 28 26 32 ◄O ma 
Effective Load

1 
Plate-to-Plate • 6IOO 1900 11 ,500 l◄,500 ohm, 

Peak A•F Grla Input Volta9e 
(per tube) 130 137 1◄5 150 volts 

Drivlno Power • • • 0 0 0 0 watt, 
► Mar-Sl9nal Plate Dlulpatlon 

400 400 (per tuba) • - • 370 400 watt, 
MH0 Sl9 nal Pl•t• Power Output 850 1110 1330 15'40 watts 
• Adjust to 9 ive stated zero,, i9nal p late current. The D-C resistance in 
seroes with the control 9 rid of each tube should not exceed 250,000 ohms. 

TYPICAL O PERATION (Frequeneies below 75 Me.) 
D-C Pl•t• Volte9e 2000 2500 3000 
D,C ScrHn Volt•9• 500 500 500 
D-C Grid Volt19e 
D-C Plate Current 

-220 -220 -220 
275 275 

D-C ScrHn Current 30 21 
D-C Grid Current 12 12 
Screen Dinlpation IS I◄ Grid Dlnlietlon • • • I. I I. I 
PHk A-F rHn Volt•~• 

( 100% modulotlon • 350 350 
Puk lt•F Grid Input Volta9e 290 290 
Drivlnc;i Power 3.5 3.5 
Plate Power Input 550 618 
Plot• Dlnlpatlon • 170 178 
Plete Power Output 3IO 510 

4000 MAX. VOLTS 
800 MAX. VOLTS 
350 MAX. MA. 
400 MAX. WATTS 

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL O PERATION CLASS AB, 
(Sinusoidal wove, two tubes unlen otherwise specified) 
D-C Plote Volt19e • 2500 3000 3500 
D-C ScrHn Voltoge • • 500 500 500 
D-C Grid Voltage (approx. )• -7S -80 --S• 
Zero-Si9nal D-C Plate Current 190 160 l◄O 
Mar-Signa l D-C Plate Current 700 700 700 
Zero-Si9nal D-C Ser••• Current 0 0 0 
Max-Si9nal D-C ScrHn Current 50 ◄O 38 

275 
2' 
12 
13 

I. I 

350 
290 
3.5 
125 
1'5 
630 

4000 
S00 

-90 
120 
631 

0 
32 

Elftctlve Loa~ Plate-to-Pl•!• 7200 
Puk A-F Gri Input Voltage 

9100 10,IOO l◄,000 

(~r tube) • • • 133 l◄O 145 l ◄O 
Mar- lgnal Puk DrMn9 Power 1.6 9.0 10.2 7.0 
Max-Slgnal Nominal Driving Powtr ◄.3 ◄.5 5.1 3.5 
MH,Signal Plate Dlnlpatlon 

(ptr tube) • 320 363 400 ◄00 
Max-Slgnol Plate Power Output • 1110 1375 "50 1750 
' Adju,t for ,toted zero-signol plate current. 

volh 
volh 
volh 
ma 
ma 
ma 
w•tt• 
w1tt1 

volts 
volts 
w•tt1 
w1tt1 
watt, 
watts 

volts 
volh 
volt. 
ma 
ma 
ma 
ma 
ohm, 

volh 
watts 
WltfS 

w1tt1 
watts 

Pulw Service- For information on Pulse Service Ratings, " Applica tion Bulletin No. 3, Pulse Service Notes", will be furnished free on request. 

IF IT IS DESIRED TO OPERATE THIS TUIE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER ''TV,ICAL OPERATION", POSSIILY 
EXCEEDING THE MAXIMUM RATINGS G IVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC. , FOR IN FORMATIO N AND RECOMMENDATIONS. 

APPLICATION 
► MECHANICAL 

Mountin,-The 4-400A must be mounted ve.rtically, base 
up or base down. The socket must be constructed so as 
to allow an unimpeded flow of air through the holes in 
the base of the tube and must also provide clearance for 
t he glass tip-off which extends from the center of the 
base. The metal tube-base shell should be grounded by 
means of suitable spring fingers. The above requirements 
are met by the Eimac 4-400A Air-System Socket. A 
flexible connecting strap should be provided between the 
Eimac HR-6 cooler on the plate terminal and the external 
plate circuit. The tube m115t be protected from severe 
vibration and shock. 
Coolin1-Adequate forced-air cooling must be provided 
to maintain the base seals at a temperature below 200°C., 
and the plate seal at a temperature below 225°C. 

When the Eimac 4-400A Air System Socket is used, 
a minimum air flow of 14 cubic feet per minute at a 
static pressure of 0.25 inches of water, as measured in 
the socket at sea level, is required to provide adequate 
cooling under all conditions of operation. Seal tempera­
ture limitations may require that cooling air be supplied 
to the tube even when the filament alone is on during 
standby periods. 

In the event an Air-System Socket is not used, pro­
vision must be made to supply equivalent cooling of the 
base, the envelope, and the plate lead. 

Tube temperatures may be measured with the aid of 
► lndicotes chon9e from sheet dated 4-1-SI. 

"Tempilaq", a temperature-sensitive lacquer manufac­
tured by the Tempi! Corporation, 132 West 22nd Street, 
New York 11. N. Y. 

► ELECTRICAL 
Filament Voltage-For maximum tube lite the filament 
voltage, as measured directly at the filament pins, should 
be the rated voltage of 5.0 volts. Variations in filament 
voltage must be kept within the range from 4.75 to 
5.25 volts. 
Bias Voltage--The d-c bias voltage for the 4-400A should 
not exceed 500 volts. ll grid leak bias is used, suitable 
means must be provided to prevent excessive plate or 
screen dissipation in the event of loss of excitation, and 
the grid-leak resistor should be made adjustable to faci­
litate maintaining the bias voltage and plate current at 
the desired values from tube to tube. In operation above 
50 Mc., it is advisable to keep the bias voltage as low as 
is practicable. (See Operation) 
Screen Voltage--The d-c screen voltage for the 4-400A 
should not exceed 600 volts in r -f applications. In audio 
applications a maximum d-c screen voltage of 800 volts 
may be used. The screen voltages shown under ''Typical 
Operation " are representative voltages for the type of 
operation involved. 
Plate Voltage--The plate-supply voltage for the 4-400A 
should not exceed 4000 volts in CW and audio applica­
tions. In plate-modulated telephony service the d-c plate­
supply voltage should not exceed 3200 volts. 
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Grid DlNlpation-Grid dissipation for the 4-400A should 
not be allowed to exceed 10 watts. Grid dissipation may 
be calculated from the following expression: 

P,-e,m.I, 
where P1 - Grid Dissipation 

e , .... - Peak positive grid to cathode voltage, and 
I, - D-c grid current 

e ,.,, may be measured by means of a suitable peak 
voltmeter connected between filament and grid. (For 
suitable peak v.t.v.m. circuits see Eimac Application 
Bulletin Number 6, "Vacuum Tube Ratings." This bulle­
t in is available on request.) 

Screen Dissipation- The power dissipated by the screen 
of the 4-400A must not exceed 35 watts. Screen dissipa­
tion is likely to rise to excessive values when the plate 
voltage, bias voltage o r plate load are removed with fila­
ment and screen voltages applied. Suitable protective 
means must be provided to limit screen dissipation to 35 
watts in event of circuit failure. 

Plate Dissipation-Under normal operating conditions, 
the plate dissipation of the 4-400A should not be allowed 
to exceed 400 watts. 

In plate modulated amplifier applications, the maxi­
mum allowable carrier-condition plate d issipation is 270 
watts. The plate dissipation will rise to 400 watts under 
100% sinusoidal modulation. 

Plate dissipation in excess of the maximum rating is 
permissible for short periods of time, such as during 
tuning procedures. 

OPERATION 

CLASS-C R-F AMPLIFIER 
Neutralization-If reasonable precautions a re taken to 
prevent coupling between input and output circuits, the 
4-400A may usually be operated up to the 30-Mc. region 
without neutralization. Below 45 Mc. the conventional 
type of cross-neutralization may be used with push-pull 
circuits, o r in single-ended circuits ordinary neutralization 
systems may be u.sed which provide 180° out-of-phase 
voltage to the grid. A simple and effective method of 
neutralizing single-ended tetrode circuits is described in 
the August 1950 issue of CQ magazine in an article by 
Warren B. Bruene on "How to Neutralize Your Single• 
ended Tetrode Final". 

At frequencies above 45 Mc. the feedback is principally 
due to screen-lead-inductance effects. Feedback is elim­
inated by using series capacitance in the screen leads 
between the screen and ground. A variable capacitor of 
from 25 to 50 uufd will provide sufficient capacitance to 
neutralize each tube in the region of 100 Mc. The two 
screen terminals on the socket should be strapped to­
gether by the shortest possible lead. The lead from the 
midpoint of this screen slrap to the variable capacitor 
and from the variable capacitor to ground ahould be made 
with as low inductance as possible. 

In general, plate, grid, filament and screen by-pass or 
screen neutralizing capacitors should be returned to r-~ 
ground with low inductance leads . 

In order to take full advantage of the high power-gain 
obtainable with t he 4-400A, care should be taken to pre­
vent feedback from the output to input circuits. A con­
ventional method of obtaining the necessary shielding 
between the grid and plate circuits is to use a suitable 
metal chassis with the gr id circuit mounted below the 
deck and the plate circuit mounted above the deck. 
Power supply leads entering the amplifier should be by­
passed to ground and properly shielded to avoid feed­
back coupling in these leads. The output circuit and an­
tenna feeders should be arranged so as to preclude any 
possibility of feedback into othe r circuits. 

► lndicotu cha n,;ie from sheet doted 4•1-51. 

4-400A--------------

VHF Circuit&-A typical linear tank circuit for use with 
the 4-400A in the 110 Mc. region consists of a "quarter­
wave length" plate tank and a " half-wave length" grid 
tank circuit. Precautions must be observed in the place­
ment of components to avoid the possibility of accident­
a lly creating higher frequency tank circuits than desired. 
This could occur if a tuning capacitor were placed in a 
position on the line where it would create a spurious 
resonant circuit above the fundamental frequency. A 
properly neutralized amplifier at the fundamental fre­
quency would appear regenerative at higher parasitic 
frequencies, and instability or oscillation would result. 

Any capacitance tuning in the plate line should be kept 
to a small value, acting as a trimmer for the shorting­
bar tuning. Such a variable capacitor should be posi­
tioned on the plate line as close as possible to the plate 
leads. The tuning capacitor on the "half-wave" grid line 
should be positioned at the extreme end of the line away 
from the tube. 

In many cases where parasitic oscillation or regenera­
tive harmonic amplilication occurs, it is not evident until 
l(rid excitation at the fundamental frequency is applied. 
If the amplifier tunes in a normal manner and the effi­
ciency appears normal for the frequency of operation, it 
may be assumed that the amplifier is free of parasitic 
oscillation and harmonic regeneration. 

VHF Operation- Above 50 Mc. electron transit time fac­
tors in the tube become important. increasing in degree 
as the frequency is increased. When the grid swings 
highly negative in potential, electrons "trapped" en route 
by the rapidly changing r-f voltage can be deflected from 
their normal paths. If excessively large r-f plate voltages 
exist due to light plate loading, these electrons are re­
jected at high velocity to bombard tube parts normally 
outside the electron stream. This effect occurs when an 
amplifier goes into parasitic oscillation, as there is prac­
tically no loading in the plate circuit and the excitation 
is almost always extremely high. Bombardment can 
cause premature tube failure by a focusing of stray elec­
trons on metal parts or the glass envelope of a tube. Such 
concentration of a stray electron stream will usually 
overheat the material at the point of focus, with the 
probability of gas evolvement that can lead to loss of fila­
ment emission or destruction of the tube. Where glass 
is the overheated material, a small hole or "suck-in" can 
occur, opening the tube to atmosphere. Dependent upon 
the degree of bombardment, tube failures can occur in a 
matter of minutes or after a few thousand hours of life. 
Either way, the full life potential is not realized. 

In order to minimize stray bombardment, the following 
rules should be followed in vhf operation of straight­
through amplifiers:-

1. Use a minimum amount of bias (not over 1.5 to 2.0 
times cut-off) . 

2. Use only enough drive to obtain satisfactory opera­
tion and good plate efficiency. 

3. Use fairly heavy plate loading. Avoid operating the 
plate unloaded or lightly loaded at any time. Sufficient 
loading is indicated by low d-c screen current. Values on 
the order of 7 % of the d-c plate current should not be 
exceeded. If conditions are such that the stage must be 
operated lightly-loaded, then t he driving power should be 
reduced proportionately. Install undercurrent protection, 
especially where unloaded operation can occur due to 
antenna failures or transmission line icing. 

4. Operate the screen grid at a reasonably high volt­
age. still keeping within screen d issipation ratings. 

5. Due to high charging currents present in vacuum 
tubes at high frequencies, it is essential that all connec• 
tions to the tube terminal surfaces be kept clean and 
make positive, firm oon tact. 
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MO , CALIFORNIA 

► To simplify coolln9 of the Elmec 4-<400A tetrode .. d anure adequate elr flow to the variou, ,eals, the 
Elmec Air-Sy,tem Socket 4-<400A wu developed. This 1yllem i1 so dui9ned the! the correct •mount of coolln9 air 
h dhtrlbuted to the vuiou1 ••• Is In the rl9ht proportion. 

The Air-System Socket is comprised of • 1ocket to 1upport the 4-400A tetrode and to make the necenary 
bHe connection,, clip, for 9roundln9 the b•se ,hell, and a 9l•u manifold to direct •Ir flow to the plete 
terminal. The •ir enters the bottom of the socket throu9h • 11/ 4 -lnch duct, cool, the baH termlnah, flows throu9h 
the bu• of the lube, h 9ulded by • pyrH chimney p.,t the 91 .. , enveoope, •nd i, directed a9ain1t the plate 
termln•I hut dl11ip•lin9 connector. A minimum quantity of air 11 thereby u1ed effectively to cool the tube 
•dequ•l•IY under the severe,t requirements of the tube's ratln9. 

A flow of 14 CFM of a ir h required at en Inlet sl•lic prenure of 'I•' of water. The blower mull be capebl• 
of supplyln9 !hue requir•m•nh and 1110 whatever added prenure drop 11 introduced by the connectin9 ducts 
and •Ir filters. ThHe air requirements ue rudlly ,athfied by a small centtifu9al blower driven by a motor 
r1quirln9 leu than 'SO waits of power. 

Th••• air f19ures are based on Ha-level operation with an embient tempereture of 25°C. and for emplifier 
operation 11 110 Mc. where the r-f char9in9 current Into the pl1te-1crun cepecitance is moil severe. Coolin9 
the 4-<400A with thi, 1ocket H recommended will keep 111 ba1e Hlh below the mHimum 1llow1ble temperature 
limit of 200•c . .. d th• plate , .. 1 below the 11lowable limit of 225°C. Determination of the proper flow of a ir 
can be made by meuurin9 the prenure ulstln9 in the 1ocket housin9. A 'I• Inch hole, l•PP•d with 28 thr11d1 
per Inch Is provided to mike connection to • w•ter manometer. The sl•lic pru1ure •I this point Is 1/• inch o f 
w•l•r when 14 CFM is flowln9. The manometer tube probe 1hould be flu1h with the in1lde surface of the socket 
menifold. 

The 4-<400A Alr-Syatem Socket can also be u1ed without modification for the Elmoc 4-250A •nd 4-125A tetrodu. 

- I' 

e 

(Elfective 1-30 S3) Copyri9ht 1953 by Eitel,McCullou9 h, Inc. 

'\ 

Looldn1 up on a cutaway socket mounted on 
transparent (for demonstration pUl'pONS) 
deck. Arrows indicate the flow of coolin1 
air. The socket mounts, Dush with the bot­
tom of the deck, by means of screws (A) 
that also poaltlon dips (B) on the top ol the 
deck. These dips act to sround the tube hue 
shell and also aecure the alr ... yatem chimney, 
Air enters the auembly throu1h dad (C), 
(not supplied with the socket -bly) 
which b aecured by set-screw (D). Screw 
(E) b removed for makin1 .,.--ure measure­
ments. 

~D 
~ C 

► Indicate, ch1n9e from sheet dated ◄· 1 ,SI. 
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-------------j!!:tt;. ___________ _ 

# 10-32 MACHINE 
SCREWS MOUNT , 

~ DIA .C~OLE THRU 
~ HASSIS 

SPRING CLIPS ANO 
SOCKET ON CHASSIS ~ 

1-:~ II 

3
~ DIA. 
16 B.C. 

TOP VIEW 

' 
AIR MEASURING HOLE I 

.c;....__ PLUGGED WITH 
I , " 

4 -28 SCREW l--2 ~ -i 

#9 (.196) DRILL THRU 
4 HOLES 

SPRING CLIPS GROUND 
---TUBE BASE ANO HOLD 

AIR FLOW CHIMNEY 

1" 
AIR INLET 14 0 . 0 . 

TUBING OR FITTING 

SOCKET INSERT MAY BE SCREEN GRID 

TURNED TO ORIENT TUBE 

I" 
4 8 DIA. 

~ 1. 253 
DIA BORED HOLE I. 258 · 

FILAMENT \_ SCREEN GRID 

l 

,I 

Printed in U. S. A. l -66273 
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► 

J 

SAN IRUHO , CALIFORNIA 

The Eim1c 4-IOOOA is I bum power tetrode with I mHimum plate d issipation ratlnq of 1000 wills. 
Intended for use as 1n 1mplifier, oscillator, or modulator, the ◄•IOOOA is capable of efficient oper1tion well 
into the vhf r1nq1. 

In FM broadcut service on 110 Mc., two 4-IOOOA tetrode , will d1li•u • useful power output over 5000 w1t11. 
Operatin9 under cl1ss AB, modul1tor conditions with l11s than 10 w1tts of puk dri•inq power, two o f 

these tubes will deliver 3900 wotts of output power. 
W ith Hro watts drMn9 power in clus AB,, 1 pair of 4,IOOOA tetrodes will d eliver 3800 w1tts of 

power output. 
Coolln9 of the tube Is 1ccomplilhed by r1diation from the pl1t1 and by clrcul1tion of forced•air throuqh 

the b1s1 and uound the ••••lope. Coolln9 c .. be simplified throuqh the uu of the Eimac 4-IOOOA Air-System 
Socket. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Grid-Screen Amplification Factor (Average) 
Direct lnterelectrode Cap1citances (Average) 

Grid-Plate ( without shielding, base grounded) 
Input -
Output 

Transconductance (ib= 300 ma., Eb= 2500 v., Ec, =500 v.) -
Highest Frequency for Maximum Ratings -

MECHANICAL 
Base • 
Basing 
Recommended Sode♦ 
Mounting position 
Cooling • 
Recommended Heat Dissipating Connector: 

Plate 
Maximum Over-all Dimensions: 

length • 
Diameter 

Net Weight (tube only) 
Shipping Weight 

Eimac 

7.5 volts 
- 21 amperes 

7 

0.24 µ.µ. fd 
27.2 µ.µ. fd 

7.6 µµ. f d 
10,000 l,lmhos 

- 110 Mc 

5-pin metal shell (see dwg.) 
See drawing 

4-IOOOA Air-System Sode♦ 
Vertical, base down or up 
• Radiation and forced air 

4-IOOOA 
RADIAL-BEAM 

POWER TETRODE 
e 

MODULATOR 
OSCILLATOR 

AMPLIFIER 

If an Air-System Sod et is used, mounted on a l/4" deck, the over-all dimensions of fhe system including 

Eimac HR-8 

9.63 inches 
5.25 inches 
1.5 pounds 
12 pounds 

chimney and HR-8 
cooler are 

Length 
Diameter 

11.75 inches 
7.5 inches 

Note: Typic•I oper•tion d•♦• •r• b•sed on conditions of •diustinq to • sP4cified p l•t• current. m•intainin9 fixed conditions of 9rid bias. ,cr••n 
•olt1q1 ind r. f qrid volla9 e . It will be found that if this procodure is followed, there will be little vari1tion in power output between tubes even 
thouqh there m1y be some ••riation in grid •nd screen currents. Whe,e 9 rid b i•• is obt•ined princip•ffy by means of • 9rid resistor, to control 
pl•t• curre nt it is nec1111,y to make the resistor 1diust1bl1. 

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Clus-C Telegraphy or FM Telephony 

MAXIMUM RATI NGS (Key-down conditions, per tube to 110 Mc.) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION • 
GRID DISSIPATION 

TYPICAL OPERATION 
0 -C Plate Volt191 • 

(Frequencies b~w 110 Mc., one tube) 

o.c ScrHn Voltaqe 
0 -C Grid Volta91 • 
0 -C Plate Current • 
o.c Screen Current • 
0 -C Grid Current • 
Screen Oinip•tion 
Grid Oi11ip1tlon 
P11• lt-F Grid Input Voltaqe 

(1pprox. ) 
DrMn9 Power (approx.)• 
P11te Power Input • • 
Pl1ta Oi11ipatlon 
Pl•I• Powe r Output 

lOOO 4000 5000 6000 volts 
SOO 500 500 500 volts 

-ISO -ISO -200 -200 volts 
700 700 700 700 ma 
14' 137 147 l ◄O ma 
JI 3' 45 ◄2 ma 
7l 6' 7l 70 watts 

S , 7 , watts 

2'0 
II 

2100 
,10 

14]0 

2'0 
12 

2900 
700 

2100 

355 

" lSOO 
no 

2110 

)SO volts 
IS watts 

4200 watts 

• Appa rent d,i-..in9 power requirements incre,ue above 30 
Mc. the driver ,hould be capoble of supplyin9 200 watts 
toke cue of reed•throuoh, circuit losses, ond rodiotion. 

900 watts 
3400 watts 
Mc. At 110 
per lube lo 

(Effective 4•2•52) Copyri9ht t'IS) by Eite l-McCullou9h, Inc. 

TYPICAL OPERATION (II 0 
0 -C P11ta Voltaqe 
0-C Screen Volt19e 
D·C Grid Volta91 
0 -C Plate Current 
0 -C ScrHn Current 
0 -C Grid Current 
Screen Dl11lp1tion (per tube) 
Drlvlnq Power (1ppror. ) 
Plata Power Input 
Plate Dissipation (per tube) 
Useful Power Output 

• 6000 MAX. VOLTS 
• 1000 MAX. VOLTS 
-500 MAX. VOLTS 

700 MAX. MA 
• 1000 MAX. WATTS 

75 MAX. WATTS 
25 MAX. WATTS 

Mc., two tubes, 
4000 
4SO 

-ISO 
I.IS 
210 
10 
,1 

)50 
4'00 ,so 
)000 

push-pull) 
5000 6000 
500 SOO 

-160 -180 
1.25 1.25 
2◄0 2SO 

10 100 
'° u 400 400 

USO 7SOO ,so 900 
◄200 5200 

volts 
volts 
volts 
amps 
ma 
ma 
watts 
watts 
watts 
watts 
watts 

Thue I 10 Mc. typica l performance li9 ure> were obta ined by d irect 
measurement in operotin9 equipment. The output power is useful power 
measured in o load circuit. The drfvino power it thot to ken by the 
tube ond o proc-ticol resonant circuit. In mony coses with rurther refine• 
menl ond improved lechinques, better perfo,monce mi9ht be obtained, 

► lndicolu chonc;ies from sheet doted 11-15·50. 
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PLATE MODULATED RADIO FREQUENCY AMPLIFIER 
C!.u-C Telephony-Carrier Conditions 

MAXIMUM ltATINGS (rer tube to 110 Mc.) 

D-C rLATE VOLTAGE 

D-C SCltEEN VOLTAGE 

D.C GltlD VOLTAGE 

D-C PLATE CUUENT 

PLATE DISSIPATION 

SCltEEN DISSIPATION 

Gltl D DISSIPATION 

•5500 Mox. volts below 30 Mc. 

5000 

1000 

-500 

600 

670 

75 

25 

MAX. VOLTS• 

MAX. VOLTS 

MAX. VOLTS 

MAX. MA. 

MAX. WATTS 

MAX. WATTS 

MAX. WATTS 

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR 
Class AB 
t.4AXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
MAX-SIGNAL D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION • 

TYPICAL OPERATION 
c1 .. , Al, (Sinusoid•I w .. ,, two tubes union othorwile specified) 
D-C Pl,te Voltage 4000 5000 6000 volts 
0 -C ScrHn Voltage 1000 1000 1000 volts 
0 -C G rid Voltogo (opprox. )• -I IS -115 -135 volts 
Zoro-Si9n•I 0 -C P11to Current 300 140 100 mo 
M11-Sl9nol D-C Plato Current 1.05 1.00 .9S omp 
Zero-Si9nol 0 -C Scro•• Current O O O mo 
MH-Sl901I 0 -C Scroon Current &O &O 6,4 m• 
Effective Lo1d, Pl1to•to•Pl•lo 7000 10,000 14,000 ohms 
PHk A-F Grid Input Voltogo (por tube ) 115 125 135 volts 
Driving Power • • • • • • 0 0 0 welts 
M•x-Si9n•I P11to Oiulp1tlon (po, tube) 930 9SO 930 watts 
Ma1-Sl901I Pl•te Powor Output 1340 3100 3840 welts 
•Adjust to 9ive 1l1led zero-signal plote current. The 0 -C resislonce in 
series with the control grid of each tube should not exceed 250,000 
ohms. 

TYPICAL OPERATION 
D-C Pl•t• Volt•9• • 

(Frequencies below 110 Mc., one tube ) 
3000 ◄000 5000 ~ volts 

D-C Scroon Volt•90 
D-C Grid Volt•9e 
D-C Pl•te Current • 

500 500 500 500 volts 
-100 -100 - 100 -200 •oils 

600 600 600 600 •m• 
D-C Scro•• Current l◄S 132 130 105 mo 
D-C Grid Current - 36 3l 33 28 mo 
ScrHn Dlu lpolion 
Grid Dhslp•tion • • • 

n 66 65 S1 wells 
5 4 4 3. wath 

PHk A. F. Scroon Volto90 
( 100')'. moduletlon) • 150 150 

Puk R-F G rid Input Volta9e 3'40 335 
2SO 
335 

II 
3000 

560 
2440 

150 
325 

9 
3300 
670 

2630 

volts 
volts 
w•tls 
wells 

DrMn9 Power•• 12 II 
Pl•te Powor Input 1800 1400 
Ploto Diuipotio11 410 490 
Pl•le Power Output · • • - 1390 1910 
•5500 volt operation moy be used only below 30 Mc. 
•• Apporent driving power requirements increase obove 30 Mc. At I tO 

Mc. the driver should to capable of supplying 100 wells per tube 
to toke core of feed-through. circuit loues. end radiation. 

- 6000 MAX. VOL TS 
1000 MAX. VOLTS 
700 MAX. MA 

- 1000 MAX. WATTS 
75 MAX. WATTS 

TYPICAL O PERATIO N 
Closs Al, (Sinusoidal wave, two tubes unleu otherwise spocifiod) 
0-C Plot• Voltoge 4000 
0-C Scrun Volt1go 500 
0-C Grid Voltage (approx. )• -40 
Zoro-Signol 0-C P11to Current 300 
Mu-Sign1I 0-C Plate Current t ,20 
Zoro-Signol 0 -C Scroon Current 0 
Mu-Signal D-C ScrHn Current 9S 
Effoctivo Load, Plato-to-Pl1to 7000 
Puk A-F Grid Input Volta90 (per tube) 140 
Max-Si9nel Pook Orivin9 Powor · I 1.0 
M11-Sl9 .. 1 Nominal Orlvin9 Powor 

(oppro1. ) • • • - • • 5.5 
Mo1-Si9nal Plato Oiuipotion (por tube) 900 
Mox-Signel Plato Power Output 3000 
•Adjust to give stated tero.signal plate. current. 

5000 
500 

-70 
100 

1.10 
0 

90 
11 ,000 

145 
11.0 

5.5 
850 

3800 

6000 
500 

-75 
150 
.9S 

0 
65 

15,000 
130 
9.4 

4.7 
900 

3900 

volts 
volh 
volts 
m• 
amp 
mo 
m• 
ohms 
volh 
watts 

watts 
w•II• 
watts 

IF IT IS DESIRED TO OPEUTE THIS TUIE UNDEl CONDITIONS WIDELY DIFFEltENT FlOM THOSE GIVEN UNDElt " TYPICAL OPEUTION", POSSIILY 
EXCEEDING THE MAXI MUM RATINGS GIVEN FOl CW SERVICE, WllTE EITEL-McCULLOUGH, INC., FOl INFORMATION AND RECOMMENDATIONS. 

Pulse Service -For informolion on Pulse Service Roting,, "Application Bulletin No. 3, Pulse Service Noles", will be furnished free on request. 

APPLICATION 
MECHANICAL 

Mounting-The 4-l000A must be mounted vertically 
base up or base down. The socket must be constructed 
so as to allow an unimpeded flow of air through the 
holes in the base or the tube. The socket must also pro­
vide clearance for the glass tip-of( which extends from 
the center of the base. The metal tube base shell should 
be grounded by means or suitable spring fingers. A flex­
ible connecting strap should be provided between the HR 
cooler on the plate terminal and the external plate cir­
cuit. The socket must not apply excessive lateral pressure 
against the base pins. The tube must be protected from 
severe vibration and shock. 

► Cooling-Adequate forced-air cooling must be provided 
to maintain the base seal temperatures below 150° C and 
the plate seal below 200° C. The problem of cooling is 
greatly simplified by using the Eimac 4-l0OOA Air-Sys­
tem Socket and its accompanying chimney. This system 
is designed to maintain the correct balance of cooling 
air for the various parts of t he tube. The minimum 
quantity of air required by this system for maximum 
power output at 110 Mc. is 45 dm at an inlet static 
pressure of approximately 1.2 inches of water. 

In the event that an Air-System Socket is not used, 
provision must be made to circulate air through the base, 
around the envelope and over the plate seal. This is in 
addition to the normal cooling required by the base. Seal 
►lndicoles chon,;ies from sheet doled 11-15-50. 

Page Two 

temperature limitations may require that cooling air be 
supplied to the tube even when filament alone is on dur­
ing standby periods. 

Tube temperatures may be measured with the aid of 
"Tempilaq", a temperature-sensitive lacquer manufac­
tured by the Tempil Corporation, 132 West 22nd Street, 
New York 11, N. Y. 

ELECTRICAL 
Filament Voltage-For maximum tube life the filament 
voltage, as measured directly at the filament pins, should 
be the rated voltage of 7.5 volts. Unavoidable variations 
in filament voltage must be kept within the range from 
7.13 to 7.87 volts. 
Bias Voltage-The D-C bias voltage for the 4-lOOOA 
should not exceed 500 volts. If grid-leak bias is used, 
suitable protective means must be provided to prevent 

► excessive plate or screen dissipation in the event of loss 
of excitation, and the grid-leak resistor should be made 
adjustable to facilitate maintaining the bias voltage and 
plate current at the desired values from t ube to tube. 
In the case of operation above 50 Mc., it is advisable to 
keep the bias voltage as low as possible. (See "Opera­
tion".) 
Screen Voltage-The D-C screen voltage for the 4-lOOOA 
should not exceed 1000 volts. The screen voltages shown 
under "Typical Operation" are representative voltages 
for the type of operation involved. 
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Plate Voltage-The plate-supply voltage for the 4-lOOOA 
should not exceed 6000 volts in CW and audio appli­
cations. In plate-modulated telephony service above 30 
Mc., the D-C plate-supply voltage should not exceed 5000 
volts; however, below 30 Mc., 5500-volt operation may 
be used. 

Gr id Dissipation-Grid dissipation for the 4-lOOOA should 
not be allowed to exceed 25 watts. Gr id dissipation may 
be calculated from the following expression: 

P,-e ... , I. 
where: P,- Grid dissipation, 

e, ... - Peak postive grid to cathode voltage, and 
l e - D-c grid current. 

e.... may be measured by means of a suitable peak 
volt-meter connected between filament and grid. (For 
suitable peak v.t.v.m. circuits, see for instance, "Vacuum 
Tube Ratings", Eimac News, January 1945. This article 
is available in reprint form on request.) 
Screen Dissipation-The power dissipated by the screen 
of the 4-lOO0A must not exceed 75 watts. Screen dissi­
pation is likely to rise to excessive values when the plate 
voltage, bias voltage or plate load are removed with fila­
ment and screen voltages applied. Suitable protective 
means must be provided to limit screen dissipation to 
75 watts in event of circuit failure. 

Plate Dissipation-Under normal operating conditions. 
the plate dissipation of the 4-lOO0A should not be al­
lowed to exceed 1000 watts. 

ln plate modulated amplifier applications, the maxi­
mum allowable carrier-condition plate dissipation is 670 
watts. The plate dissipation will rise to 1000 watts under 
100% sinusoidal modulation. 

Plate dissipation in excess of the maximum rating is 
permissible for short periods of time, such as during 
tuning procedures. 

OPERATION 
CLASS-C R-F AMPLIFIER 
NeutraUzation-U reasonable precautions are taken to 
prevent coupling between input and output circuits, the 
4-lOOOA may be operated up to the 10 Mc. region with­
out neutralization. In the region between 10 Mc. and 30 
Mc., the conventional type of cross-neutralizing may be 
used with push-pull circuits. In single-ended circuits 
ordinary neutralization systems may be used which pro-

► vide 180° out of phase voltage to the grid. A simple and 
effective method of neutralizing single-ended tetrode cir­
cuits is described by Warren B. Bruene in "How to Neu­
tralize Your Single-Ended Tetrode Final", in the August, 
1950, issue of CQ magazine. 

At frequencies above 30 Mc. the feedback is principally 
due to screen-lead-inductance effects. Feedback is elim­
inated by using series capacitance in the screen leads 
between the screen and ground. A variable capacitor of 
from 25 to 50 uufds will p rovide sufficient capacitance to 
neutralize each tube in the region of 100 Mc. When using 
this method, the two screen terminals on t he socket 
should be strapped together by the shortest possible lead. 
The lead from the mid-point of th is screen strap to the 
var iable capacitor and from the variable capacitor to 
ground should be made with as low inductance as possible. 

1n general, plate. grid. filament and screen bypass or 
screen neutralizing capacitors should be returned to r-f 
ground through the shortest possible leads. 

In order to take fu ll advantage of the h igh power gain 
obtainable with the 4-lOO0A. care should be taken to 
prevent feedback from the output to input circuits. A 
conventional method of obtaining the necessary sh ielding 
beween the grid and plate circuits is to use a suitable 
metal chassis with the grid circuit mounted below the 
deck and the plate circuit mounted above t he deck. 
Powet supply leads entering the amplifier should be by-

passed to ground and properly shielded to avoid feedback 
coupling in these leads. The output circuit and antenna 
feeders should be ar ranged so as to preclude any possi­
bility of feedback into other circuits. 

VHF Circuits-A typical linear tank circuit for use with 
the 4-lOO0A in the 110 Mc. region consists of a "quar ter 
wavelength" plate tank and a "half wavelength" grid 
tank circuit. P recautions must be observed in the place­
ment of components to avoid the possibility of acci­
dentally creating higher frequency tank circuits than the 
desired one. This could occur if a tuning capacitor were 
placed in a position on the line where it would create a 
resonant circuit at or near a harmonic frequency. A 
properly neutralized amplifier at the fundamental fre­
quency would appear regenerative at higher parasitic 
frequencies and instability or oscillation would result. 

Any capacitance tuning in the plate line s hould be 
kept to a small value, acting as a trimmer for the 
shorting-bar tuning. Such a variable capacitor should be 
positioned on the plate line as close as possible to the 
plate leads. The tuning capacitor on the "half wave" 
grid line should be positioned at the extreme end of the 
line away from the tube. 

In many cases where parasitic oscillation or regen­
erative harmonic amplification occurs. it is not evident 
until grid excitation at the fundamental frequency is 
applied. If the amplifier tunes in a normal manner and 
the efficiency appears normal for the frequency of opera­
tion, it may be assumed that the amplifier is free of 
parasitic oscillation and harmonic regeneration. 

VHF Operation-Above 50 Mc.. electron transit time 
factors in the tube become important. increasing in 
degree as the frequency is increased. When the grid 
swings highly negative in potential, electrons, "trapped" 
enroute by the rapidly changing r-f voltage. can be 
deflected from their normal paths. If excessively large 
r-f plate voltages exist due to light plate loading, these 
electrons are rejected at high velocity to bombard tube 
parts normally outside the electron stream. This effect 
occurs when an amplifier goes into parasitic oscillation, 
as there is practically no loading in the plate circuit and 
the excitation is almost always extremely high. Bombard­
ment can cause premature tube failure by a focusing of 
stray electrons on metal parts or the glass envelope of 
a tube. Such concentration of a stray electron stream 
will usually overheat the material at the point of focus, 
with the probability of gas evolvement that can lead to 
loss of filament emission or destruction of the tube. 
Where glass is the overheated mater ial, a small hole or 
"suck-in" can occur , opening the tube to atmosphere. 
Dependent upon the degree of bombardment, tube fail­
ures can occur in a matter of minutes, or after a few 
thousand hours of life. Either way, the full life potential 
is not realized. 

In order to minimize stray bombardment, the follow­
ing rules should be followed in vhf operation of straight 
through amplifiers. 

1. Use a minimum amount of bias (not over 1.5 to 2.0 
t imes cut-off). 

2. Use only enough drive to obtain satisfactory opera­
tion and good plate efficiency. 

3. Use fairly heavy plate loading. Low plate voltage 
and high plate current is better than high plate voltage 
and low plate current. Avoid operating the stage unloaded 
or lightly loaded. If conditions are such that the stage 
must be operated lightly-loaded, then the driving power 
should be reduced proportionately. Install under-current 
protection, especially where unloaded operation can 
occur due to antenna failures or transmission line icing. 

4. Operate the screen grid at a reasonably high voltage, 
still keeping within screen dissipation ratings. 

► indicoles chonges from sheet doted 11-15-SO. 

Page Three 

-

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

w 
<.!) 
<( 
I-
...J 
0 
> 
0 

Q: 
<.!) 

200 ~>e;, J~ I 
• 400 .800 

_. ~ .... ~ . 300 ,. .600 

-J ...... ~ --· ~ --~ ~· ~--· 
1.0 0 

j~ ~-.::: ).( - - e. ~ .. ~ 

t ~~ ~ 7 - - -
:-~ •!) ~11 ~-- --· -

.40( 
.300 

,.,,,,,,,-
.200 

""' --
I) 0 -~ 0 50 

.... 
4-lOOOA--------------

EIMAC 4- I OO0A ... 
CONSTANT CURRENT 

CHARACT ERISTICS -
SCREEN VOLTAGE 500 VOLTS -

3 .0 

- ·" 
2 .2 

~ / -_ ..... - . --· - i- 1.8 ,~ ,,. ....._ - - --,- .u t 

0 
~ ' 
~ -,' I~ -- :-- -

~ 

~ .... ~u ,; ~ - -
':) 

.... _, .-.. ·~ 
~" . 

r 

- 100 

-200 

.... - PLATE CURRENT AMPERES 
- • - SCREEN CURRENT AMPERES 

- - ---- GRID CURRENT AMPERES 

-300 
0 

I I I I I I I I 

1000 2000 

-:7'" 
· 1! DIA.P.C. 

~ l+-1,'-I- ~ 

I 

20 
0 30 

--.... 010 

• - 0 

I 

3000 4000 

PLATE VOLTAGE 

.376 ± .003 DIA. 5 PINS 
BOTTOM VIEW 

1.4 

1.0 

-00 
.400 
_oo 
. 100 
.030 

0 

0 7- 328 

5000 6000 

Page Four 

.. 

f 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SAN IRUMO , CALIFORNIA 

In order to simplify the coolin9 problem of the Eimac 4-IOOOA tetrode •nd •••ure •dequ•fe •ir-flow to 
the vuious sul1, the Eim1c Air-System Sode! w11 developed. This 1y1tem 11 10 dHi9ned the! the correct 
1mount of coolin9 air Is distributed to the various sul1 in the ri9ht proportion. 

The Air-Sy,ltm Sode! include, a ,ode! to support the 4-IOOOA tetrode 1nd lo m1k1 the neceS11ry b11e 
connection,, ind a complete air coolln9 1y1tem. The air enters the bottom of the socket throu9h • 2-lnch 
duct, cool, the bu• fermln1ls, flows throu9h the bue of the lube, is 9ulded by the sodet chimney p1sl 
the 9laS1 envelope, and is directed 191inst the hHI dissipatin9 connector at the plate terminal. A minimum 
quanlily of air Is thereby uHd 11ftcliv1ly to cool the lube adequalely under the severest requirements of 
the tube's ratings. 

A flow of 45 CFM of •Ir i, required at •n inlet static preuure of appro1imately 1.2" of water. The 
blower must be upable of supplyln9 these requirements and •lso whatever •dded pressure drop is intro­
duced by the connectln9 ducts and air fillers. 

Th••• air fi9ure1 are baHd on ••a-lev1I operation with an ambient ltmperafure of 2S' C, and for 
amplifier operation al 110 Mc. where the r-f char9in9 current info the pl1te-1creen upacit .. ce is most 
Hvere. Coolln9 with this air flow will kHp •II bue seals below th• maalmum allowable temperature limit 
of ISO' C and the plate 1ul below the 1llow1ble limit of 200' C . Proper flow of air c .. be Indicated by mH• 
1urin9 the prH1ure exi,fin9 in the cast socket, A 'I•" hole, tapped with 28 thrHd1 per Inch, Is provided to 
m•ke conneclion to a water manometer. The static prenure at this point i, 1.2" of waler when 45 CFM is 
flowin9 . The manometer tube probe should be flush with the ln,ide surface of the socket manifold, The hole 
in the probe should be made with • No. 31 drill . 

Where operation Is below 30 Mc., In air flow of at loast 30 CFM Is adequ1te. This corresponds to 1n 
inlet prHsure at the 4-IOOOA ,ode! of 0.3" of water. 

In m1kln9 electrical connections to the socket terminal,, flulble luds should be used to preserve the 
frHdom of molion of the connector j1ch of the sochl. A ,crew driver slot has bHn provided inside the 
ja~ki "-to' hold the j1ch while ti9hl1nin9 the nuts on th• underside of tho sodet. The first nut seals on a 
shoulder to prevent clampin9 the jad to the insulatin9 material. The ucond nut should bo u,od to secure 
tho connector terminal lu9s. 

Looking up on a cutaway socket mounted on 
transparent (for demonstration purposes) 
deck. Arrows indicate the flow of cooling 
air. The socket mounts, flush with the bot­
tom of the deck, by mean! of screws (A). 
Position clips (B) are on the top of the deck. 
These clips act to ground the tube base shell 
and also secure the air-system chimney. 
Air enters the assembly through duct (C), 
(not supplied with the socket assembly) 
which is secured by set-screw (D). 

A 

D 

(Elfecli•e 4-2-52) Copyri9ht l'IS3 by Eitel-McCullou9 h, Inc. 
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TENTATIVE DATA 

J-1, I N C. 
S A N JI.II MO , C AL I FORNIA 

The Eimac 4W2opo0A is e high-power, water-cooled transmitting tetrode having a maximum 
plate dissipation rating of 20 •ilowath. This tube will operate efficiently as a power-amplifier at 
frequencies up to 250 Mc. A single 4W2opOOA operating as a television visual r-f amplifier will deliver 
a synchronizing power output of 20 •ilowath at 216 Mc., with a 5-Mc. bandwidth. 

The coaxial terminal arrangement of the tube is ideally suited for use in cavity circuits. The 
cathode is a unipotential thoriated tungsten cylinder of rugged construction, heated by electron 
bombardment. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Unipotential, thoriated tungsten. Heated by electron bombardment. 

D-C Voltage (Approx. I 1600 volts 
D-C Current I Approx. I I. 9 amperes 

Filament: Thoriated Tungsten, Helical 
Voltage 
Current 
Maximum allowable sta rting current 

Direct lnterelectrode Capacitances (Average) 
Grid- Plate -
Input • 
Output 

Screen-Grid Amplification Factor I Average) 
Transconductance llt,= 6.6 A., Eb= 3.0 kV., Et2= 1200 V.) 

IO volts 
30 amperes 
50 amperes 

0.5 µ.µ. fd 
125 µ.µ. fd 
23 µ.µ. fd 

5.5 
75,000 µ.mhos 

MECHANICAL 
Base -
Mounting Position 
Cooling -

Special, Concentric 
Vertical, base down or up 

Water and Forced A ir 
Maximum Overall Dimensions 

Length 
Diameter 

Net Weight 
Shipping Weight 

RADIO FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS (per tube) 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

TYPICAL OPERATION 

8 MAX. KV 
15 MAX. AMP 
20 MAX. KW 

200 MAX. WATTS 
60 MAX. WATTS 

Clau-C Telegraphy or FM Telephony (Per tub.--220 Mc.) 

D-C Plate Voltage 5000 6000 7000 volts 
D-C ScrHn Voltage 1200 1200 1200 volts 
D-C Grid Voltage -350 - 370 -400 volts 
D-C Plate Current 3.b 3.b 3.4 amps 
D-C Screen Current 

(approx. )• 11>7 167 11>7 ma 
D-C Grid Current (approx.) so 50 50 ma 
Pea• R-F Input Voltage 455 475 sos volts 
Driving Power (approx.)• 750 780 830 watts 
Screen Dissipation ioo 200 200 watts 
Plate Power Input 18 21.6 23.8 •w 
Plate Dissipation 7.0 8.b 8.0 .w 
Useful Power Output 9.2 11.S 13.0 kw 

•The pe,fo,monc, f,gu,u listed obove d'e obtained by calculotion hom 
the thdracterf\tic lube curves ond conf.rmed bv direct tesh. The driving 
pcwer ond output pewer a llow for louts ossocioted with practical 
resona nt ci,cu-•h 

TYPICAL OPERATION 

15.2 inches 
5.0 inches 
7.6 pounds 
40 pound s 

Clau-8 LinNr Amplifier-Television Visu•I Service 
( Per tube, 5-Mc. ltandwidth, 216 Mc.) 

Peak Synchronizing Level 
Load Impedance 
Effective Length of Plate Line 
D-C Plate Voltage 
D-C Screen Voltage 
D-C Control Grid Volt•ge 
D-C Plate Current 
D-C Screen Current (approx.) 
D-C Control Grid Current ( •pprox.) 
Peak R-F Grid Input Volt1ge 
Driving Power ( 1pprox.) 
Plate Power Input -
Plate Dissipation 
Useful Plate Power Output 
Black Level 
D-C Plate Current -
D-C Control Grid Current (approx.) 
Pee• R-F Grid Input Voltage 
Driving Power (approx.) 
Plate Power Input 
Plate Dissipation 
Useful Power Output 

400 ohms 
'I◄ w•v• 

5500 volts 
1200 volts 

-240 volts 
7.1 amps 

500 m• 
140 m• 
430 volts 

1500 watts 
39.1 •w 
16.S .w 
20.1 .w 

5.3 amps 
so me 

330 volts 
875 watts 

29.2 ... 
18.0 .w 
11.2 .w 

Those 21& Mc. typicol performonu fi9ures wero obtoinod by d irect 
m••surement in test equipment. The output power is useful power 
meuurtd in • load circuit , The drtvin9 0ow1r 11 that taken by the 
tube and • practical resonant grid circuit. Th11e fi9uru are subjec.t 
to vuiation and in many cases, with further refinement and improved 
techniques, bolter performonco mi9ht be obtolned . 

(Ufective 3-1-53) Copyright, 1953 by Eitel Mc-Cullough, Inc. TENTATIVE DAT A ► lnd1cote. chonge from ,heet doted 8-15-52 
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Note: Typlcel operellon dete ere besed on condition, of edjustin9 to e !r•cl~lcied plete current, m•intelnin9 flied condit ion, of 'lrld ble, , 1crHn 
•olte9e, suppressor volte9e end r-f 9 rld •olte9e . It will be found th•t , 1h11 procedure I, followed there will be little vorootion in power 
output between tube , •• •n thou9h there m•r be some •erl1tion In 9rld , scrHn end suppressor currenis. Where 9 rld b lu I, obtelned prlnclpally 
by mHns of • 9 rld resistor, to control plete current It Is neceu•rr to make the resistor •dlustoble. 

APPLICATION 

Mounting- The 4W20,000A must be mounted 
vertically. Base-down or base-up mounting is 
optional. 

The co-axial contact surfaces provided for 
connection ro the filament . cathode. grid, screen, 
and anode are of successively larger diameters to 
faci litate removal and replacement of tubes. 

Cavity circuits may be designed around the 
dimensions shown in the outline drawing. At 
very high frequencies the points of contact be­
t ween the rube and the external 1.ircuit will be 
required to carry high values of charging current. 
It is, therefore, essential that the contacrors make 
firm and uniform contact between the terminal 
surfaces of the tube and the external circuit, 
Particular care should be taken that the contactors 
are not inadvertently fo rced out of shape, and 
that all contact surfaces are maintained free from 
dust or other foreign matter which would prevent 
uniform electrical connection. At VHF, poor con­
tact by one finger of a multi- finger collet can re­
sult in local overheating which may damage the 
tube seals. 

Although contact fingers or slotted collets are 
often made an integral part of cavity circuits, 
there is some advantage to reversing the plan by 
providing contact·finger assemblies which a re de­
signed to be clamped fi rmly to the terminal sur­
faces of the t ube itself and to make slid ing contact 
with the cavity as the tube is inserted. This 
arrangement facilitates replacement of worn or 
damaged contactors and tends to remove inci­
dental local heating from the vicinity of the tube 
seals. Tubes held in reserve for emergency re­
placement may be fitted with contact-finger 
assemblies and water-line extensions to minimize 
lost time in making changes. 

Cathode Heating Power- The cathode of the 
4W20.000A is a u nipotential. thoriated tungsten 
cylinder, heated by electron bombardment of its 
inner surface. Bombardment is obtained by using 
the cylindrical cathode as the anode of a d iode. A 
helical filament is mounted on the axis of the cathode 
C\·linder to supply the bombarding electrons. A d-c 
potential of approximately 1600 volts is applied 
bo?t wo?en the filament and the cathode cylinder, and 
the recommended cathodo? heating power of 3000 
watts is obtained with approximately l. 9 ampero?s. 

The inner filament is designed to operate un ­
der space-charge limited conditions so that the 
cathode temperature may be varied by changing 

the voltage applied between the inner filamen t and 
rhe cathode cylinder. 

For maximum tube life the filament voltage. 
as measured d irectly at the filament terminals. and 
the cathode power should be held at their rated 
values. Variations in filament voltage should be 
held within the range of 9.5 to 10.5 volts. cathode 
power within the range of 2700 to 3 300 wans. 

Caution: It must be kept in mind that the fila­
ml'nt is at a potential of 1600 volts d-c w ith respect 
to ground. The filament transformer and voltmeter 
must be adequately insulated for this voltage. 

Anode Cooling- The water-cooled anode req uires 
6 gallons per minute of cooling water for the rated 
20 kilowam of plate dissipation. This corresponds 
to a pressure drop of 1 pound per square inch across 
the water jacket. The inlet water pressure must not 
exceed a maximum of 25 pounds per square inch. 

The outlet water temperature must not exceed 
a maximum of 70°C under any conditions. 

Seal Cooling- The grid and screen tube contact 
surfaces and adjacent glass and ceramic must be 
cooled by high-velocity air which may be accom• 
plished by means of ring manifolds. The quantity, 
velocity and direction of air must be adjusted to 
limit the maximum seal temperatures to l 50°C. 

The cathode and filament-stem a lso require 
forced-air cooling. A minim um of 30 cubic feet 
per minute must flow into the space enclosed by 
the outer filament spring collet connect ion. Part 
of this air flows through the three air holes pro­
vided in the cen ter o f the base of the cube. This 
air cools the filament stem and vents through the 
nine holes in the base inside the cathode terminal. 

The filament spring collet fingers should be 
adequate! y spaced to a llow approximately three­
quarters of the air to flow through the collet. A 
cylindrical duct of non-metallic material. approxi· 
mate I y 2 ½ inches in diameter , should be placed 
around the cathode connecting collet to guide the 
air along the cathode contacting surface and onto 
the cathode-to-glass seal. The temperature of the 
seals should not exceed J 50°C. 

Tube temperatures may be measured with the 
aid of "Tempilaq", a temperature-sensitive lacquer 
manufactured by the Tempi! Corpo ra t ion, 132 
West 22nd St. , New York 11. N . Y . 

Air and water flow must be started before 
filament and cathode power are applied and main­
tained for at least two minutes after the filament 
and cathode power have been removed. 

IF IT IS OESIUO TO OPERATE THIS TUIE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UN0EII "TYPICAL OPEIIATION", POSSIBLY 
EXCEEDING THE MAXIMUM RATINGS GIVEN FOIi CW SERVICE, WRITE EITEL-McCULLOUGH, INC .• FOil INFORMATION ANO RECOMMENDATI ONS. 

► Indicates change from sheet doted 8-15-52 
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WATER INPUT 
COOLER UP 

WATER LINES------~ 

f 0.0. COPPER TUBING WITH ½ 
S.A.E. FLARE FITTING NUTS 

ANODE 

ALL DIMENSIONS 
IN INCHES 

4W20,000A 

► Indicates change from ,heel doted 8-15-52 

BOTTOM VIEW 

---WATER INPUT 
COOLER DOWN 

5 + I 
-32 

II* 
( 32 

NOTE I. GLASS DIAMETER LESS 
THAN MINIMUM DIA OF 
CONTROL GRID CONTACT 
SURFACE. 

* CONTACT AREA 
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4X150A 

1-1, I N C. 

RADIAL-BEAM 

POWER TETRODE 

S.A.N IR HO, C.A.LIFOllHIA 
' . . . •,; ,, .:, 

t, ,., •· : . 

The Eimec ◄XI 50A is • compect power tetrode llltettdecl for use es en emplifier, oscilletor or 
frequency multiplier over • wide range of freque11cies eate11di119 i11to the UHF region. It is cooled by 
forced air. 

A single ◄XI 50A operating in a coexiel-cevity •mplifier circuit will deliver up to 140 watts of 
useful power output et 500 megecycles. 

The me1imum rated plate voltage for the ◄XISOA is 1250 volts, and the tube is capable of good 
performance with p late voltages u low u ◄00 volts. Its high retlo of transconductance to capacitance 
end its 150-wett plate dissipation rating make the ◄XI 50A useful for wide-bend amplifier applications. 

The use of the Eimec ◄X 150A Air-System Socket, or • socket providing equivalent air-cooling 
facilities, is required. 

GENERAL CHARACTDISTICS 
ELECTRICAL 

Cathode: Oxide Coated, Unipolentiel 
Minimum Healing Time 
Cethode-to-Heater Voltage 

Healer: Voltage 
Currant 

Grid-Screen Amplification Factor (Average) . 
Direct lnterelectroda Capacitances (Average) 

Grid-Plate 
Input 
Output 

Transconductance (E.= 500v .• E.,=250v., l.=200 ma) 
Frequency for Ma1imum Ratings 

MECHANICAL 
Base 
Re commended Socket 
Base Conne ctions 

Mounting -
C ooling 
M.uimum Overall Dimensions: 

Length 
Diameter • 
Seated Height 

Nat Waight 
Shipping W aight 

30 
150 
6.0 
2.6 

0.03 
15.5 
◄.S 

seconds 
mu. volts 

volts 
em paras 

5 

uuf uuf ._ _______________ _ 

uuf 

12,000 u mhos 
500 Mc 

9-pin, special 
Eimec ◄XISOA Air-System Socket 

SH outline drewing 
Any position 

Forced eir 

2.47 inches 
1.65 inches 
1.91 inches 
5.2 ounces 

1.6 pounds 

Note: Typical operetion data are baHd on conditions of edfustln9 the r-t 9rid drive to a specified plate current, maintalnln9 fired condition, of 
9rld bias end scrHn volta91. It will be found that It this procedure 11 followed, there will be lit tle variation In power output betwHn tubes even 
thou9h there may be soma variation In 9rld end 1crHn currenll. Whe~e 9rid bias is obtained princlpelly by mun, of • 9rld re1iltor, to control 
plate current It is nocessuy to make the resistor adlu1tabl1. 

RADIO-FREQUENCY POWER 
AMPLIFIER OR OSCILLATOR 
Class-C Tele9raphy or FM Telephony 
( Key-down conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLT AGE 1250 MAX. VOL TS 

D-C SCREEN VOLT AGE - 300 MAX. VOL TS 

D-C GRID VOLTAGE • -250 MAX. VOLTS 

D-C PLATE CURRENT 250 MAX. MA 

PLATE DISSIPATION - 150 MAX. WATTS 

SCREEN DISSIPATION 12 MAX. WATTS 

GRID DISSIPATION 2 MAX. WATTS 

[Effective 9·1S-S2) Copyrl9ht 1952 by Eltel-McCullou9h, Inc. 

TYPICAL OPUATION (Frequencies up to 165 Mc par tuba) 
D-C Plate Yolta9a • MIO 750 1iicl 1250 volts 
D-C Sc reen Volta9e 250 250 250 250 volh 
D·C Grid Volta9e • -75 -IO --«I -,0 volh 
D-C Plat, Current - 200 200 200 200 ma 
o.c Screen Current 37 37 30 20 ma 
D-C Grid Current - 10 10 10 10 ma 
P .. k R-F Grid Vo ltaoe (appro1.) • ,0 95 95 105 volt, 
D,lvin9 Power (appro1. ) I I I 1.2 watts 
Plate Power Input • • 120 ISO 200 250 watts 
Plata Power Output . • • • es 110 ISO l,S watts 
The performance fioures for frequencies up to 165 Mc. ore obloined by 
calculotion from the tube chorecteristic curves and confirmed by direct 
tests. The drivin9 power include, only power te ken by the lube o rid ond 
the bio, circuit. The drivin9 power ond output power do not ollow for 
lones in the ossoc.ioted resonant circuits. 
TYPICAL OPERATION (Sln9le tulM, 500-Mcl coallal ,c .. ity) 
D-C Plate Volta9a - MIO 800 1000 1250 volts 
D-C Screen Voltao• 2SO 250 2SO 2tO volt, 
D-C Grid Volte9a • -1 10 -110 -1 10 - 115 volts 
D-C Plate Current - 170 200 200 200 ma 
D-C Screen Current 6 7 7 S ma 
D-C Grid Current • 6 10 10 10 ma 
Driver Output Power (epp,o1. ) 15 20 2S 30 watts 
Power Input 102 160 200 2SO watts 
Useful Power Output 50 95 120 140 watts 
These typicol performonce fig ures were obtained by direct meo,urement 
in operotino equipment. The output power is useful power measured in 
a load circuit. The drivino power is the total power token by the lube 
ond o proctica l resona nt circuit. In mony c oses iwith further refinement 
end improved techniques better performance mioht be obtained. 

Supersedes ShHt Dated 2-15-52 
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PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 
Class-C Telepholly (c..rier cot1cHtioM, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLT AGE I 000 MAX. VOLTS 

D-C SCREEN VOLT AGE - 300 MAX. VOL TS 

D-C GRID VOLTAGE - - 250 MAX. VOLTS 

D-C PLATE CURRENT 200 MAX. MA 

PLATE DISSIPATION - 100 MAX. WATTS 

SCREEN DISSIPATION 12 MAX. WATTS 

GRID DISSIPATION 2 MAX. WATTS 

RADIO-FREQUENCY POWER 
AMPLIFIER 
Class-I Linear, Television Visual Service (per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLT AGE 1250 MAX. VOLTS 

D-C SCREEN VOLT AGE 400 MAX. VOLTS 

D-C GRID VOLTAGE - - -250 MAX. VOLTS 

D-C PLATE CURRENT 
(AVERAGE) 250 MAX. MA 

PLATE DISSIPATION 150 MAX. WATTS 

SCREEN DISSIPATION 12 MAX. WATTS 

GRID DISSIPATION 2 MAX. WATTS 

CLASS-AB OR -B POWER 
AMPLIFIER OR MODULATOR 
MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 1250 MAX. VOLTS 

D-C SCREEN VOLT AGE - 400 MAX. VOLTS 

D-C PLATE CURRENT 

PLATE DISSIPATION -

SCREEN DISSIPATION 

GRID DISSIPATION 

Page Two 

250 MAX. MA 

150 MAX. WATTS 

12 MAX. WATTS 

2 MAX. WATTS 

TV,ICAl OPERATION (FtequtnclH up to 165 Mc. ) 

D.C Pl•t• Volt•9• • 400 600 IOO 1000 volh 

D-C ScrHn Voll•Q• 250 2SO 250 2SO volts 

D-C Grid Volt•9• . - ,0 - '5 -100 - IOS volh 

0 -C Pl•t• Current • 200 200 200 200 m• 

0 -C Ser••• Current 40 JS 2S 20 m• 

0 -0 Grid Currtnt • 7 • 10 15 m• 

PHk A-F ScrHn Volta9e at crell 
of 100'1. Modulation • 140 150 I.cl 170 volh 

PHk R-F Grid Input Volta9e 
(•pprox. ) • • • • 110 120 120 125 volts 

OrivlnQ Power (•ppro,.) I.S 2 w•th 

Pl•t• Olnlpatlon 2S 40 '° '° ••th 
Pl• I• Power Input 80 120 ''° 200 w• tts 

Plate Power Output ss 80 100 140 watts 

TYPICAL OPERATION (FrequenclH up to 216 Mc., 5-Mc, budwldlh) 

0-C Pl•t• Voll•Q• 750 1000 1250 volts 

D-C Scrten Voll•Qe 300 300 300 volts 

0 -C Grid VoltaQe ~ -4S -70 volts 

OurlnQ Sync-Pulse PHk: 

0 -C Plat• Current 335 330 lOS m• 

0 -C ScrHn Current . 50 45 4S m• 

D-C Grid Current IS 20 2S m• 
Puk R-F G rid Voll• Q• as ,s 100 •o lh 
R-F Driver Power (approx.) 7 • ' waits 

Useful Power Output 135 200 250 walh 

llack level: 

0 -C Plat• Current 245 240 230 ma 

0 -C Ser••• Current 20 IS 10 ma 

D-C Grid Current 4 4 4 ma 

Peak R-F Grid Volt•9e (appro•. ) 65 70 75 volts 

R-F Driver Power (•pprox. ) 4.2S 4.7 5.5 watts 

Plate Power Input IIS 240 2,0 ••tts 
UHful Pow•r Output . 75 110 140 watts 

TYPICAL OPERATION 
Class AB (Sinusoidal w•v•, two tube, unless olh•rwlH specified ) 

D-C Plate VollaQt • 600 IOO 1000 1250 volts 
0 -C Ser••• VoltaQt • 300 300 300 300 ¥Olh 
0-C Grid VollaQ• (•pptox.)' - 44 -47 -47 - 48 volh 
Ztro-SIQnal 0 -C Plat• Current I.cl 120 120 115 ma 
MH-SIQnal D-C Pl•I• Current 380 380 380 390 m• 
Ztro -SiQn•I D-C Scrttn Currtnt 0 0 0 0 ma 
Mn-Sl9nal D-C Ser••• Cu,rent ,s 6S '° 40 ma 
Effective load, Pl•t••to-Plate 3550 4625 sa5o 7200 ohms 
PHk A-F Grid Input Voll•Q• 

48 vo lh \ per tube) • • • 44 47 47 
Dr vi•Cjl Power • • • 0 0 0 0 w•th 
Mn-S1Q .. I Pl•t• Dissipation 

70 (per tube) • • • • 4S 5S ,0 w• tt1 
Mn-Sl9nal Plat• Pow•r Output 140 1'5 240 310 wetts 

'Adiu•t Q•id vollol)e to obtoin ,peeified zero-, ignol plate current. 
M.di•,mum permiuible grid circuit series resistance 100,000 ohms per tube. 

TYPICAL OPERATION 
Cl•ss Al, (Sinu,oldal 
0 -C Pl•t• Volt•Q• • 
D-C Screen Voll•~ 

wave, two tubes unl•u o therwise ,peelfl•d l 

D-C Grid Voll•Q• • 
Z.ro-Sl9nAI D-C Pl•tt Current 
Mn-Sl9n•I D-C Pl•t• Current • 
Zero-Si9n•I 0 -C ScrHn Current -
MH•Si9nal D-C Ser••• Current • 
Effective Load, Pl•t••lo•Pl•t• 
PHk A-F Grid Input Voll•9• 

(per tube) • • • • 
M ... SiQnal Peak DrMn9 Power • 
MH-Sl9nAI Nominal Or1vin9 Power 

(•ppro•. J • • • 
Ma• 0 Si9 .. 1 Plate OiUIJNtion 

(per tube) • • • • • 
MH0 Sl9n•I l'late Power Output • 

600 IOO 1000 1250 vo lts 
300 300 300 300 vo lh 

-41 - 43 - 43 - 44 vo lts 
185 I.cl 165 180 m• 
485 490 495 475 ma 

0 0 0 0 ma 
85 75 70 65 m• 

2600 3500 4600 5'°° ohm, 

47 
0.15 

75 

'° 170 

41 
0.15 

75 

75 
240 

49 
0.15 

75 

,0 
315 

so 
0.15 

volts 
•• tt, 

75 mw 

85 watt, 
425 ••th 

••Adjust grid voltooe to obtoin specified 1ero-si9 nal plate current. 

e 
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APPLICATION 
MECHANICAL 

Mountfna-Tbe 4X150A may be mounted in any position. 
Use of the Eimac 4X150A Air-System Socket, or its 
equivalent, is required. 

The tube will fit a standard "loktal" 90C.ket, but the 
use of such a socket prevents adequate air-cooling of the 
base of the tube. Use of the "loktal" socket is not 
recommended. 

Connections to the terminals of all the electrodes ex­
cept the plate are provided by the Air-System Socket. 
The anode-cooler assembly provides a terminal surface 
for the plate connection. For high-frequency applications 
a metal band or a spring-finger collet should be used to 
make good electrical contact with the cylindrical outer 
surface of the anode cooler. Points of electrical contact 
should be kept clean and free of oxidation to minimize 
r-f losses. 

Cooling- The 4Xl50A requires sufficient forced-air cool­
ing to keep the cooler core and the metal parts of the 
metal-to-glass seals from exceeding a maximum tempera• 
ture of 150°C. The air flow must be started when power 
is applied to the heater, and must continue without in­
terruption until all electrode voitages have been removed 
from the tube. 

The Eimac Air-System Socket directs the air over the 
surfaces of the tube base, and through the anode cooler 
to provide effective cooling with a minimum air Oow. 
Seven and one-half cubic feet of cooling air per minute 
must flow through the Air-System Socket and the anode 
coole r for adequate cooling. This corresponds to a total 
pressure drop of 0.6 inches of water through the socket 
and the anode cooler. 

The air requirements stated above are based on 
operation at sea level and an ambient temperature of 
20°C. Operation at high altitude or at high ambient 
temperatures requires a greater volume of air Oow. The 
necessary design information for such conditions is con­
tained in an article entitled "Blower Selection for Forced­
Air-Cooled Tubes", by A. G. Nekut, in the August, 1950, 
issue of "Electronics." 

One method of measuring temperature is provided by 
the use of the "Tempilaq", a temperature-sensitive 
lacquer, which melts when a given temperature is 
reached. Where forced-air cooling is employed, very 
thin applications of the lacquer must be used. This 
product is obtainable from the Tempi! Corporation, 132 
West 22nd St., New York 11, N. Y. 

ELECTRICAL 

Heater- The heater should be operated as close to 6.0 
volts as possible, but it will withstand heater-voltage 
variations as great as 10% without injury. Some varia­
tion in power output must be expected to occur with 
variations of the beater voltage. 

Cathode-The cathode is internally connected to the four 
even-numbered base pins. All four corresponding socket 
terminals should be used for connection to the external 
circuit. The leads should be of large cross-section and as 
short and direct as possible to minimize cathode-lead 
inductance. 

Grid Dissipation-Grid-circuit driving-power require­
ments increase with increasing frequency because of cir­
cuit losses other than grid dissipation. This becomes 
noticeable at frequencies near 30 Mc., and increases until 

at 500 Mc. as much as 30 watts driving power may be 
required in ordinary circuits. 

Despite the increased drivi.ng power required by the 
circuit as a whole at higher frequencies, the power 
actually consumed by the tube grid does not increase 
greatly. Satisfactory operation in stable amplifier circuits 
is indicated by d-c grid-current values below approxim­
ately 15 milliamperes. 

Screen Diseipation-Bias- or plate-supply failure or un­
loaded-plate-circuit operation can cause the screen cur­
rent and dissipation to rise to excessive values. Protection 
for the screen can be provided by an overload relay in 
the screen circuit, in addition to the usual plate-overload 
relay. Use of a screen-current milliammeter is advisable. 

Plate Dissipation-The maximum-rated plate dissipation 
is 150 watts. The maximum-rated plate dissipation for 
plate-modulated applications is 100 watts under carrier 
conditions, which permits the plate dissipation to rise 
to 150 watts under 100% sinusoidal modulation. 

Plate dissipation may be permitted to exceed the 
maximum rating momentarily, as, for instance, during 
tuning. 

UHF Operation-Transit ti.me effects, which occur at 
ultra-high frequencies in the 4X150A, can be minimized 
by adherence to the operating conditions suggested 
below: 

1. Use a minimum d-c bias voltage, not over twice 
cut-off. 

2. Apply only enough drive to obtain satisfactory 
plate efficiency. 

3. Operate the screen at reasonably high voltage, but 
do not exceed the screen-dissipation rating. The 
circuit should be loaded to obtain screen-current 
values close to those given under ''Typical 
Operation" at 500 Mc. 

4 . Fairly heavy plate loading is required. In general, 
low-voltage, high-current operation is preferable 
to operat ion at high voltage and low current. If 
conditions require a change to lighter plate load­
ing, the drive should also be reduced to the mini­
mum value for satisfactory operation at the new 
output level. 

5. Parasitic oscillations are usually associated with 
excessive grid and screen current and are in• 
jurious to vacuum tubes. Similarly, tuned-plate 
circuits which accidentally become simultaneously 
resonant to harmonics and the fundamental fre­
quency may also cause low efficiency and damage 
tubes. 

Plate Modulation-Plate modulation can be applied to the 
4Xl50A when it is operated as a class-C radio-frequency 
amplifier. To obtain 100% modulation, the d-c screen 
voltage must be modulated approximately 55%, in phase 
with the plate modulation. Self-modulation of the screen 
by means of a series resistor or reactor may not be satis­
factory in this particular tetrode due to the screen­
voltage, screen-current characteristics. 

Grid Resistance--In class-A and -AB, amplifiers, where no 
grid current flows, the grid-bias voltage may be applied 
through a resistor. The maximum permissible series re­
sistance per tube is 100,000 ohms. 

Special Applications-If it is desired to operate this tube 
under conditions widely different than those given here, 
write to Eitel-McCullough, Inc., San Bruno, California, for 
information and recommendations. 
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G 1-1, I N c. 
CALIFORNIA 

The Eimac 4X I 50A/4000 and 4X I 50A/40 IO Air-System Sockets are de­
signed to provide adequate air cooling and an efficient high-frequency circuit 
arrangement for the Eimac 4X 150A and 4X 150D tetrodes. The insulating 
materials used in their construction have very low r-f losses to well above 800 
Mc., and are mechanically strong, non-porous, non-hygroscopic and substan­
tially unaffected by temperatures up to I so• Centigrade. The contact fingers 
are of spring alloy and all metal parts are silver plated to reduce r-f losses. 

The 4X I 50A/ 4000 Air-System Socket is characterized by having all connect­
ing tabs insulated from the socket flange and skirt. This type socket is intended 
for use in circuits where the cathode of the tube is not at chassis potential. 

The 4X I 50A/40 IO Air-System Socket is characterized by having the four 
cathode connecting tabs ( Numbers 2, 4, 6 and 8 I riveted permanently to the 
socket skirt. This type socket is intended for use in circuits where the cathode 
of the tube is at chassis pote ntial. 

4X150A / 4000 
AND 

4X150A / 4010 
AIR-SYSTEM 

SOCKETS 

MOUNTING-If the tube and socket are t~ be used in a coaxial-line circuit, the .._ ___________ _ 

Air-System Socket may be mounted directly on the end of the coaxial input line. 
The skirt of the socket fits over a cylinder of I ¾ 11 outside diameter, and four 
mounting holes are provided ( See Outline Drawings I. 

For chassis mounting, a 2 V,c II diameter hole should be cut into the deck and the socket secured by 
the three toe clamps provided. 

DO NOT DRILL THROUGH THE SOCKET FLANGE. 

CONNECTIONS-The control grid connection is on the axis of the socket and is provided with a No. 6-32 
threaded hole for direct connection to a coaxial line or a terminal lug. 

A low impedance path between screen grid and ground is provided by a bypass capacitor of from 
2750 µ.µ. f ± 500 µ.µ.f built into the socket flange. 

COOLING-A pressurized chamber should be provided to introduce an air stream into the socket from 
the under side to cool the grid, cathode and screen seals. A heat-resistant chimney is provided to direct 
the air stream over the tube envelope and through the anode radiator. 

If a coaxial-line circuit is used, the input line should be pressurized, while the output cavity should be 
made air tight to direct the air through the anode radiator of the tube. 

For the specific cooling requirements of the 4X 150A and 4X 150D, see the paragraph on "Cooling" 
in the 4X 150A Data Sheet. 

TYPE NUMBER 

4X I 50A/ 4000 

4X I 50A/ 400 I 

4X I 50A/ 4006 

4Xl50A/4010 

4Xl50A/ 401 I 

SOCKET IDENTIFICATION 

DESCRIPTION 

- 4X 150A Air-System Socket with Chimney 

- 4X 150A Air-System Socket less Chimney 

- 4X 150A Air-System Chimney Only 

4X 150A Air-System Socket-Grounded Cathode-with Chimney 

4X 150A Air-System Socket-Grounded Cathode-less Chimney 

(Effectl•• 6-IS-SJ) Copyrl9ht l,SJ by Eltel-McCullou9h, Ilic. 
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TENTATIVE DATA 

SAN IRUMO , CALIFORN I A 

Tllc Eimac ~X150G 1s •n ■xtrem•lr c.omp•ct ertunal-anode t•trode Intended for u1e as • radlo•fte,uency 
ampllfiet, frequency multiplier, or oscil 1tor •t frequencies well Into the UHF reqlon or as •n 1mpllfier 1n eny 
Hrvice requiring o hi9h-9•in tube c•p1ble of dolivorln9 hhah power-output •I low plel•••olto90. Tho con,bl••llon 
of • h19h ratio of tr1nscondue:t1nc, to c1pacitanc• and • pl,te dissipation c1p1billty of 150 wath makes the 
tube an tacellent wide-band amplifier for video 1pplic1tion1. 

The cathode, 9rld and 1cre•n alectrodu are mounted on con1cal and cylindrical supports 9 ivfn? • m inimum 
of circuit d iKontinuities and lead Inductance. The ru99ed cyl1ndrlcal termlnab, proor•sslvaly larger ,n size, allow 
the tube to be Inserted in co11i1I lint c1vltle1. The strt tn support and tetmfn•I provide maximum h ol•t1on be• 
tween th, grid cathode term1n,I, and the plate circuit. 

In ,mplifier 11rvice at 500 megacycles., output power of 140 w,tts per tube, with • s.t•o• power•9ain of 20, 
can be obt•ined . At 1000 m~ecycles an output power of SO watt, per tube Is. obt,in1d with • power•g•ln of five. 

GENERAL CHARACT ERISTICS 
ELECTRICAL 
Cathode: Coated Unipotential 

HHter Voltege 
Heater Current 
Minimun, Heating Time 

Scrun-Grid An,plificetion Factor (Average) 
Direct lnte re lactroda Capacitances (Average) 

Grid - Plata ( w ithout shielding) 

Input 

Output 

Grounded Grid 
lass than .005 • 

17. 

4.5 

Transconductance (i.=250 n,a. , e•= 500 v., E,.=250 V.) 

2.5 volts 
b.25 amperes 

30 seconds 
5 .0 

.035 µ.µ. Id 

27 µ.µ. Id 

4.5 µ.µ. fd 

12,000 µ.n,hos 

MECHANICAL 
Cooling Forced Air 

At ISO woth plate dissip.o1ion, a minimum flow of S.6 cubic feet of air per minute must be poned throu9h 
the anode cooler. The pressure drop otrou the cooler ot this flow equols. 0.26 inches of water. Forced-air cooling 
of the bose terminal au.embly must be provided even thouqh heater alone is on tube during standby condition,. 
In no cue 1hould the temperature of the metal-to-glass sec,ls or the core of the onode cooler ewceed 150° C. 
Mounting position Any 
Ma•in,um Overall Dimensions 

Length 
Diameter 
Muimum Seated Haight 

Nat Weight 
Shipping Waight (Avarega} 

21/1 
1.625:I: .020 

1-27/ 32 
I, 
I.I, 

inches 
inches 

inches 
ounces 
pounds 

RADIO FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Clu,-C Talagr•phy or FM Telephony (Koy-down condit ion,, por tubol 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 
D..C SCREEN VOLTAGE 
D-C GRID VOLTAGE" 
D-C PLATE CURRENT 
PLATE DISSIPATION 
ANODE-COOLER CORE TEMPERATURE 
SCREEN DISSIPATION 
GRID DISSIPATION 

1250 MAX. VOLTS 
)00 MAX. VOLTS 

-250 MAX. VOLTS 
250 MAX. MA. 
150 MAX. WATTS 
150 MAX. °C 

15 MAX. WATTS 
2 MAX. WATTS 

•Ma:iimum permissible o rid circuit resi,tance 2S.()QO ohms 

TYP ICAL OPERATION 

Slnglo tube, froquonclos below 165-Mc. 

D..C Pl•lo Vollo90 • 
D-C Pl•I• Current • 
D-C Scroon Volt190 
D-C Screen Current 
D•C lorld Voll190 • 
D-C Grid Current 
PHk R·F Grid Voll190 (App,01,I 
DrMn9 Power (opp,o1.) 
Power Input 
Power Output • 
He1tu Volt19•' 

Single tube , 750-Mc. (Coui1I c1vity) 
D-C Pl1lo Voll190 
D-C Pl1to Current 
D·C Scroon Volto90 
D~C Screen Current 
D.C Grid Vollo90 · 
D-C Grid Current • 
PHk R-F Grid Volt191 (oppro1.) 
0rivin4 Pow1t (appro1.) 
Power Input 
Power Output 
Ht41ttr Vo1♦1g•' 

600 750 
200 200 
250 250 
37 37 

•-75-
II II 

" 
,. 

1.0 I. I 
120 150 
15 110 
2.5 2.5 

1000 1250 Voll, 
200 200 Mo. 
250 250 Volh 

31 20 M1. - -,0 Volh 
10 II Mo. 
,s 106 Volh 
1.0 1.2 Wolh 

200 250 Woll, 
150 1'5 w111s 
2.5 2,5 Volh 

1250 Volh 
200 M•. 
250 Volh 

5 M1. 
~ Volh 

5 M1. 
ts Volh 

' w,11, 
250 Wath 
100 Woll, 

S.e note 

Inc. 

CIHs-C Telephony 
MAXIMUM RATINGS (C1rrlor Condition,) 
D-C PLATE VOLTAGE 1000 MAX. VOLTS 

300 MAX. VOLTS D-C SCREEN VOLTAGE 
D•C GRID VOLTAGE• 
D-C PLATE CURRENT 
PLATE DISSIPATION 
ANODE-COOLER CORE TEMPERATURE• 
SCREEN DISSIPATION 

-250 MAX. VOLTS 
200 MAX. MA. 
100 MAX. WATTS 
150 MAX. • C . 
15 MAX. WATTS 
2 MAX. WATTS GRID DISSIPATION • 

•Maximum permiu ible 9rid circuit resi1tc,nce 2S,OCX, ohms. 

PLATE PULSED RADIO FREQUENCY 
AMPLIFIER OR OSCILLATOR 
MAXIMUM RATINGS 
PULSED PLATE VOLTAGE 
PULSED SCREEN VOLTAGE 
D-C GRID VOLTAGE 
MAXIMUM PULSE DURATION 
PULSED CATHODE CURRENT 
AVERAGE POWER INPUT 
PLATE DISSIPATION 
ANODE-COOLER CORE TEMPERATURE 
SCREEN DISSIPATION 
GRID DISSIPATION 

TYPICAL PULSE OPERATION 
Singl• tuba oscill•tor, 1200-Mc. 
Pul11d Ploto Voll190 
Pulsed Pl•t• Current 
Pulsed ScrHn Volt19e 
PulHd Sctetfl Current 
D-C Grid Voll190 
Pufs•d Grid Current 
Puls.e Dur1tlo11 • 
Puho Ropotlllon ltolo 
Peak Power Output • 
Heater Volt1ge' 

7000 MAX. VOLTS 
1500 MAX. VOLTS 

-500 MAX. VOLTS 

s 
4.0 

IOO 
0.3 

-200 
0,5 
4 

2500 
10 

5 MICROSECONDS 
7 MAX. AMPS 

250 MAX. WATTS 
150 MAX. WATTS 
150 MAX, • C 
15 MAX. WATTS 
2 MAX. WATTS 

7 
u 

1000 
0.4 

-250 
o., 
4 

1250 
20 

Kilovolh 
Amp,. 
Volh 
Amps. 
Volh 
Amp1. 
Microseconds. 
Per HCOnd 
ICilow1th 
S1• Note• 

1Heoter Voltooe-0ue to transit t ime bad . heating effech, the heater 
voltooe s.hould be reduced when o pcratin9 a t freQuencies a bove 400 Mc. 
This. voltaoe re-duction should tM made o fter dyn.smic operation o f t he 
h,be hes started. Sinc.e bod heatino is. a funct ion of frequency, g rid 
current. g rid b iu , circuit des.io n and circuit adjustment, the amount of 
bod heotino ve ries. considerobly with d iffe rent methods o f o perotion. 
The following toble is. on e pp,oicimote 9 uide for norm,el tube o peretion: 

Frequency up lo 400 Mc .1400 lo 1000 Mc. ,1000 lo 1500 Mc.,obove 1500 Mc. 
Ho•lor Volto90 2.S • ?.2 • 2.0 • 1.a • 

\Eifoctlvo 3-15-53) Copyright 1'53 by Eil•I-McCullou9h, 
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11\U..fo, CALIFORNIA 

The Eimac ◄XSOOA is an nternal-enode t etrode having a muimum plat• d issipation rating of 
500 w .. ts. Its small site and low-inductance l .. d, permit efficient operation at relatively large outputs 
well into the VHF region. The screen grid is mounted on a d isc which terminates in • connector ring 
located betwHn grid and plate, thus making possible effective shielding betwHn the grid and 
plate circuits. The grid terminal is located at the ce nter of the glass base to facilitate single-tube 
operation in coaxial circuits. 

The combination of low grid-plate capacitance , low screen-lead inductance and functionally 
located terminals contributes to the stable operation of the ◄XSOOA et high frequencies, making 
neutralitation unnecessary in most c.ues and greatly simplifying it in othen. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 

Current 

ScrHn Grid Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plete 

Input 
Output 

Transconductance (ib=200 me., • b =2500 v., Ec1 =500 v.) • 
Frequency for Maximum Ratings 

5.0 volts 

13.5 amperes 

6.2 

0.05 µ.µ. fd 

12.8 µ.µ.fd 

5.6 µ.µ.fd 

5200 µ.mho, 

120 Mc. 

► MECHANICAL 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight 
Shipping Weight (Average) 
Mounting Position 
Cooling 

◄.75 inches 
• 2.625 inches 
• 1. 17 pounds 
• 6 pounds 

Vertical, base down or up 
Forced Air 

At 500 wett, pl•te diulpetlon, • minimum air-flow of 40 cubic feet per minute mud be paned through th anode cooler. The pressure drop 
•crou the cooler •t this rate of flow equ•ls 1.4 Inches of water. Forcod-•ir cooling must be provided for the bHe and ,c, .. n , .. Is. Normally, 
1ultable amounts of • ir may be obtained from • small contrlfug•I blower directed at the 1Hl1. In no ca,e 1hould the temperature of the m•t•l• 
t0-9lass seals or the core of th• anode cooler exceed 1so•c . Coolln9 air specified above must be applied to the s .. ls and the anode cooler 
prior to the applic•llon of fllamont power , and continued for throe minutes after power Is removed from the filament. 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Clas1-C FM or Telegraphy (Key-down conditions, I tube) 

MAXIMUM RATINGS (Frequencies up to 120 Mc.) 

D-C PLATE VOLTAGE -

D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE • 

D-C PLATE CURRENT • 

PLATE DISSIPATION 
SCREEN DISSIPATION • 

GRID DISSIPATION 

◄000 MAX. VOLTS 

500 MAX. VOLTS 

-500 MAX. VOLTS 
350 MAX. MA. 
500 MAX. WATTS 
30 MAX. WATTS 

10 MAX. WATTS 

► TYPICAL OPERATION (Per tube, at 110 Mc.) 

D-C Plete Voltage 2500 3000 ◄000 Volts 

D-C Plate Current • 310 310 31 5 Ma. 

D-C ScrHn Voltage 500 500 500 Volts 

D-C ScrHn Current 26 2◄ 22 Me. 
D-C Grid Voltage . • -150 -150 -150 Volts 

D-C Grid Current . . 15 16 16 Me. 
Driving Power (approx.) . 5 5 5 Wetts 

Useful Power Output (epprox.) ◄75 600 835 Watts 

(Effective 2-15-51) Copyright l'IS) by Eitel-McCullou9h, Inc. 

► RADIO FREQUENCY POWER AMPLIFIER 
Cla,s-1 Linear Amplifier, Televislon Vl,ual Service 

MAXIMUM RATINGS FOIi TV (Frequencies up to 220 Mc.) 
D-C PLATE VOLT AGE 3000 MAX. VOLTS 
D-C PLATE CUltltENT 350 MAX. MA. 
D·C SCREEN VOLTAGE 500 MAX. VOLTS 
PLATE DISSIPATION 500 MAX. WATTS 
SCREEN DISSIPATION 30 MAX. WATTS 
GRID DISSIPATION - 10 MAX. WATTS 

TYPICAL OPERATION 
( Per tube at peak synchroni1in9 level, 5-Mc. w ndwidth, as,umed load 
resistance 3,000 ohms per tube.)' 
D-C Pl•t• Volta9e 
D-C Sc, .. n Volta9e 
D-C Grid Voltage 
D,C Pl•t• Current 
D-C ScrHn Current (•pprox.) 
D,C Grid Current (approx.) 
P .. k lt•F Grid Voltage 
Drivln9 Power, 220 Mc. (approx.) 
Plate Power Input 
Power Output 

ILACK LEVEL 

1850 
500 

-100 
215 

20 
10 

140 
15 

525 
300 

2400 
500 

-100 
400' 

35 
15 

IIS 
25 

'60 

'°° 

Voth 
Volts 
Volts 
Me. 
Me. 
Me. 
Volts 
Watts 
W•tts 
Watts 

D-C Pl•t• Current 215 300 Ma. 
D-C Sc, ... Current 2 3 Ma. 
D-C Grid CurTent 2 5 Ma. 
Plate Power Input 400 720 W•tts 
Plate Diulpation 230 380 Watts 
Power Output 110 340 W •tts 
1 Operolin9 condition, ol peok synchroniting level moy be permitted lo 
exceed maximum rotin9s of the lube because of the low duty factor. 
Maximum rating, apply lo black level condit ions. 

► Indicates change from sheet d ated 11-15-44 
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The Eimec: 4E27A/5-125B is • power pentode intended for use es • modulator, osc:illator or 
amplifier. The driving-power requirement is very low, end neutrelixation problems are simplified or 
elimineted entirely. The tube hes • maximum plate-dissipation rating of 125 wetts and e maximum 
plate volteg• reting of 4000 volts at frequenc:ies up to 75 Mc:. Cooling is by c:onvec:tion end radia­
tion. Type 4E27A/ 5-125B unilaterally replec:es type 4E27. 

The 4E27A/ 5-1 25B in c:less-C r-f service will deliver up to 375 watts plate power output with 
less then 2 wetts driving power. It will deliver up to 75 wetts of c:errier for suppressor moduletion. 

Two 4E27A/ 5-1258's will deliver up to 300 wetts muimum-signel plate power output in c:less 
AB, modulator servic:e, 400 watts in c:less AB. with less then I watt driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filement: Thoriated tungsten 
Voltage 
Current 

Grid-ScrHn Amplification Fecto, (Average) -
Direct lntereleclrode Capacitances (Avereg•) 

Grid-Plate 

Input 

Output 

5.0 volts 

• 7 .5 amperes 
5.0 

0.08 µ.µfd 
10.5 µ.µ.fd 

4.7 µµ.fd 

Trensc:onductenc:e (lo= 50me., Eo=2500v., E. ,=SOOv., E.,= Ov.) 

Highnt Frequencies for Muimum Ratings 

2150 µ.mhos 

75 Mc. 

MECHANICAL 
Bes• 
Connections 
Socke+-

Mounting Position -
Cooling 
Recommended Heat Dissipeting Plate Connector • 

Muimum Over-All Dimensions: 

length 
Diameter 

Net Weight {Averege) • 

Shipping Weight 
' See "Coolinq" under Application Notes. 

7-pin, metel shell 
- SH drewing 

E. F. Johnson Co. No. 122-237, or equivelent 

Vertic•I, base down or up 
Convection end redietion 

4E27 A /5-1258 
RADIAL-BEAM 

POWER PENTODE 
• 

MODULATOR 
OSCILLATOR 

AMPLIFIER 

• Eimec HR-5 

6.19 inches 
2.75 inches 

6.0 ounces 

2.0 pounds 

Note: Typlul operetlon dete ere be,ed on condition, of edju1tin9 to • 1pecified plete current; meintelnln9 flud condition, of 9rld bi.,, 1crH n 
volt•9• ,uppreuor volte9e ind r-f 9rld volte9e. It wlll be found the! if thh procedure 11 ollowed, th••• wlll be little verletlon In power 
output betwHn tube, even though !~er• m1y be some v1rletion In 9rid, 1creen .. d ,uppreuor currenh, Where 9rld ble, 11 obtelned prlnclpelly 
by mHnl of 1 9rld rHistor, to control plete current It 11 neceuary to make the resiltor adjustebl•. 

RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION 

OR OSCILLATOR 
Zero Suppreuor Volts, 500 ScrHn Volh 
0-C P11te Vo1ta9e 1000 1500 2000 2500 3000 volt, 

Cless-C Telegrephy or FM Telephony, Frequencies up to 75 Mc. 0-C Grid Volt1,;ie -120 - 130 -ISO -170 -200 volts 
( Key-down conditions, per tube) 0-C Plate Current 145 110 200 IM "7 ma 

MAXIMUM RATINGS 0-C Screen Current• 17 20 23 II 12 ma 

D-C PLATE VOLTAGE 4000 MAX. VOL TS 0-C Grid Current• ' • II ' 7 m1 

D-C SCREEN VOLTAGE 750 MAX. VOLTS PHk R-F Grid Input Volta;• 170 200 240 2SO 270 volts 

D-C GRID VOLTAGE -500 MAX. VOLTS Driving Po,..,r• 1.0 u u 2.3 ,., w•ttt 
0-C PLATE CURRENT 200 MAX. MA Grid Oiasip•tion• .3 ., 1.0 .I .5 w•tta 

PLATE DISSIPATION 125 MAX. WATTS Screen Oiuip•tion• 8.5 10 12 t ' w•th 

SUPPRESSOR DISSIPATION 20 MAX. WATTS Plate Olulpatlon 55 ,s 125 125 125 w•tts 
SCREEN DISSIPATION 20 MAX. WATTS Pl1te Pow•r Input 145 270 400 4'° 500 wett, 

GRID DISSIPATION 5 MAX. WATTS Pl•t• Power Output to 175 275 315 375 w•th 

TYPICAL OPERATION TYPICAL OPERATION 
'° Suppre110r Volts, 500 S<rHn Volts Zero Suppreuor Volts, 750 Screen Volts 
0-C Plata Voltage 1000 1500 2000 2500 3000 volts 0-C Plate Volte,;ie 1000 1500 2000 2500 3000 volts 
0-C Grid Voltage -120 -130 -150 -170 -200 volts D-C Grid Volta9e -170 -110 -200 -225 -2$0 volts 
0-C Pl•t• Current 1'7 200 200 "' "7 m1 0 -C Pl1te Current ''° 200 200 186 "7 m1 
0-C Suppr .. sor Current• ' 5 4 3 3 ma 0-C Screen Current• 21 24 22 12 ' m1 
0-C Ser••• Current• II It II 7 5 m1 0-C Grid Current• 3 ' ' 4 3 ma 
0-C Grid Currant• ' a I 7 ' ma PHk R-F Grid Input Volta9e 205 235 257 270 2tO volts 
Puk R-F Grid Input Volta,;ie 170 200 222 240 2'° volts Orivinq Powe,. ., 1.4 1.5 I.I .t watts 
Drivtni ,ower• 1.0 1., I.I 1.7 1., ••th 
Grtd iuip•tion• . .3 ., ., .5 ., ·••ts Grid Olulpetlon• .I .4 .3 .2 .2 welts 

Screen o;ssip•tion• 5.5 5.5 5.5 3.5 2.5 waits Screen Dlssip•tion• " " 17 t 7 With 

Piel• Oi11lp1tion 47 es 100 115 125 w•th Pie!• Dissip•tion 45 es 100 115 125 weth 

Plate Power Input 1'7 300 400 4'S 500 wath Pl1te Power Input ''° 300 400 4'5 500 weth 
Pl•t• Powar Output 110 215 300 350 375 ••th Pl•t• Power Output 115 215 JOO 350 375 With 

(Elfecti•• 1-15-52) Copyright, 1'52 by Eitel-McCullou9h, Inc. 
•Approximate Value, 

S..pe....tes Sheet Dated 12°1-4t 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

f,_ ,,ti'.;--;?' 4E27A/5-1251 

PLATE-MODULA TED RADIO-FREQUENCY TYPICAL OPERATION 

AMPLIFIER Zero Suppressor Volts, 500 ScrHn Volts 

Cleas-C Telephony, Freq11enciea 11p to 75 Mc. 0 -C Pl•t• Volt•9• 1000 1500 2000 2500 
( Cerrier conditions, per t11be, 11nlen otherwise specified) O.C Grid Volt•v• -190 -Its -200 -205 

0 -C Pl•t• Current 14'- 150 151 152 
MAXIMUM RATINGS 0-C Screen Curr.n♦- 20 II 17 " D-C PLATE VOLTAGE 3200 MAX. VOLTS 0-C Grid Curren♦- 7 7 I I 
D-C SCREEN VOLT AGE 750 MAX. VOLTS Puk A-F Ser.en Volt•v• 

D-C GRID VOLTAGE -500 MAX. VOLTS 
( 100% Modul•tlon) 350 350 350 350 . Pe•k lt- F Grid Input Volt•9• 260 265 270 175 

D-C PLATE CURRENT 160 MAX. MA OrMn9 Powe.- 2 1 2 2 
PLATE DISSIPATION 15 MAX. WATTS Grid Olulpetlon• 0.5 0.5 0.5 0.5 
SUPPRESSOR DISSIPATION 20 MAX. WATTS ScrNn Dinip•tion• 10 ' 1 .5 I 

SCREEN DISSIPATION 20 MAX. WATTS 
Pl•I• Olulpetlon M n IO 85 
Pl•te Pow•r Input 14' 225 300 3IO 

GRID DISSIPATION 5 MAX. WATTS Pl•le Powu Output 85 153 2.20 2'5 

SUPPRESSOR-MODULATED TYPICAL OPERATION 

RADIO-FREQUENCY AMPLIFIER 0-C Pl•te Volt•cae 1500 2000 2500 3000 

Cl•u-C Telephony, Freq11enciea 11p to 75 Mc. 
0-C Suppressor Volt•cae -220 -260 -305 -350 

(Cerrier conditions, per t11be, 11nlen otherwise specified) 
PHk A-F Suppressor Voll•9e 

( 100% Modul•tlon) 2.20 260 '305 350 
MAXIMUM RATINGS 0-C ScrHn Voll•cae . 400 400 400 400 

Fixed 0 -C Screen Volt•ca• 610 MS ,so 610 
D-C PLATE VOLTAGE 4000 MAX. VOLTS ScrHn Oroppln9 ltulstor• . 5500 '100 10,000 llOO 

0 -C Grid Voll•9• • -170 -IIO -1,0 -200 
D-C SCREEN VOLTAGE 750 MAX. VOLTS 0-C Pl•t• Current 59 59 59 60 

D-C GRID VOLTAGE - 500 MAX. VOL TS 
0-C Scre•n Curren♦- 31 27 25 15 . 
0 -C Grid Curren♦- ' 5 s 4 

D-C PLATE CURRENT 200 MAX. MA PHk lt°F Grid Input Voll•9e . 230 135 245 250 
OrMn9 Power• 1.4 1.3 1.2 1.2 

PLATE DISSIPATION 125 MAX. WATTS Grid Oiulp•tion• .35 .25 .25 .20 

SUPPRESSOR DISSIPATION 20 MAX. WATTS 
Scr••n Olulp•tion• IS II 10 10 
Pl•te Olulpatlon 54 " 17 105 

SCREEN DISSI PATION 20 MAX. WATTS Pl•I• Power Input ., 118 141 IIO 
Pl•t• Power Output 35 50 " 7S 

GRID DISSIPATION 5 MAX. WATTS 1Adju,t lo ,toled d •c ,creen volto9e. 

AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 

TYPICAL OPERATION (Two tube, unlen othorwl,o 1poclllod) 
Cl•u-AI, 

Cl•n-AB, Sinusoidal Wave 

MAXIMUM RATINGS (Per Tube) 

D-C PLATE VOLTAGE 4000 MAX. VOLTS 

750 MAX. VOLTS 

-500 MAX. VOLTS 

200 MAX. MA 

0 -C Pl•t• Vo1t•9• 
0 -C Suppronor Volt•9• 
0 -C ScrHn Volt•9e 
0-C Grid Volta,ae• 
Zero-S19 .. 1 0 -C Pl•t• Current 
MH-Slcan•I o.c Pl•t• Current 
Z.ro-Sl9n•I 0 -C Scr•en Curren♦-
Mu-Sl9n•I 0-C ScrHn Curren♦-
Effective Pl•le-to-Pl•t• l.o•d 
PHk A-F Grid Voll•9• (per tub•I 
MH-Slcan•I Drivin9 Powe.-
MH-Sl9n•I Pl•te Power Input . 
MH0 SJ9 .. 1 Pl•I• Power Output 

1500 2000 2500 
0 0 0 

500 500 500 
-70 -IO -85 
110 as 65 
205 210 220 

0 0 0 
15 13 I 

13,700 11,000 20,000 
70 IO 85 

0 0 0 
310 420 550 
200 250 )00 

YOltS 
•olts 
m• 
m• 
m• 

•olts 
•olts 
w•tts 
w•tts 
••Its 
••Its 
w•tts 
w•tts 

•olts 
•olts 

volts 
volts 
volts 
ohms 
volts 
m• 
m• 
m• 
volts 
w•tts 
••Its 
w•tts 
••Its 
••Its 
w•th 

volts 
volts 
volts 
volts 
m• 
m• 
m• 
m• 
ohm, 
volh 

••tt• 
••It• 
••Its 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE • 

D-C PLATE CURRENT 

PLATE DISSIPATION 

SUPPRESSOR DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

'Adjust to stoled 1ero-si9 nol d-c plote current. The effective 
cuit re,i,tonce for eoch tube must not exceed 250,000 ohm,. 

orid cir• 

TYPICAL OPERATION (Two tubH unlu, otherwise ,pecified) 
S MAX. WATTS Clon-AB1 

0 -C Pl•I• Volt•9• 1500 2000 1500 YO)ts 
0 -C Supprenor Voll•ca• 60 0 0 volb 
0 -C ScrHn Voll•9• 500 500 500 YOltS 
0 -C Grid Voll•ca•• -70 - IO -IS •olh 
Z.ro-Siq .. l 0 -C Pl•t• Current 110 15 45 m• 
MH0 Si9nel o.c Pl•I• Current 365 2'5 250 m• 
Zoro-S1,;in•I 0 -C ScrHn Current• 0 0 0 m• 
MH-Sl9nel 0 -C Screen Current° II " 13 m• 
Effective Pl•te.to•Pl•I• Lo• d noo IJ,00020,000 ohm, 
PHk A-F Grid Input Volt•9• (per tube) • 100 100 ,s volh 
MH-Sl9n•l Orlvln9 ,ower-• 0.5 0.3 0,2 •• tt, 
Mu-Sl,an•I Pl•le Power Input 550 5,0 625 ••It• 
MH-Sl9 n•I Pl•t• Power Output )00 350 400 with 
1Adlust to stoled zero,,i,;inol d•c plole current. 
• A pproximate vofues. 

IF IT IS OESlltEO TO OPERATE THIS TUIE UNDER CONDITIONS WIDELY DIFFERENT FltOM THOSE GIVEN UNOElt "TYPICAL OPERATION". POSSIILY 
EXCHOIN$ THE MAXIMUM RATINGS $!VEN FOIi CW SERVICE, WltlTE EITEL-McCULLOU$H, INC., FOIi INFOltMATION ANO ltECOMMENOATIONS. 

-

-
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-------------~7A/5-1251---------­

APPLICATION 
MECHANICAL 

Moatl119-The 4E27A/5-125B must be mounted vertically, base 
down or up. The plate IHd should be flexible, and the tube 
must be protected from vibration end shock. 

Cooll-,-A hHt dissipating connector ( Eimac HR-5 or equiva­
lent) is required et the plate terminal, and provision must be 
made for the free circulation of air through the socket and 
through the holes in the base. If the E. F Johnson Co. 122-237 
soclet recommended under "General Characteristics" is to be 
used, the model incorporating e ventilating hole should be 
specified. 

At high ambient temperatures, at frequencies above 75 Mc., 
or when the flow of air is restricted, it may become necessary 
to provide forced air circulation in sufficient quantity to prevent 
the temperature of the plate and base seals from excHdin9 
225°C. Forced movement of air across the tube sHls and 
envelope is always beneficial, though not necessarily required. 

Tube temperatures may be meesured with the aid of "Tem­
pilaq," a temperature-sensitive lacquer manufactured by the 
Tempil Corporation, 132 West 22nd Street, New York 11, N. Y. 

ELECTRICAL 

Fl...._. Yoltate-For maximum tube life the filament voltage, 
as mHsured directly at the base pins, should be the rated 
value of 5.0 volts. Variations should be held within the range of 
4.75 to 5.25 volts. 

Grid Yoltate-Al♦hough a maximum of -500 volts bias may be 
applied to the grid, ♦hue is little advantage in using bias volt­
ages in excess of those listed under "Typicel Operation," except 
in certain specialized applications. 

When grid-leak bias is used, suitable protective means must 
be provided to prevent excessive plete dissipation in the event 
of loss of excitation, and the grid-leek resistor should be made 
adjustable to facilitate maintaining the bias voltage and plate 
current at the desired value from tube to tube. 

l000 DIA.PC. 

In class-C operation, particularly at high frequency, both 
grid bias and grid drive should be only 9rHt enough to provide 
satisfactory operation et good plate efficiency. 

Scree■ DlulpatlN -Decrease or removal of plate load, plate 
voltage or bias voltage may result in screen dissipation in ex­

cess of the 20 watt maximum rating. The tube may be protected 
by an overload relay in the screen circuit set to remove the 
screen voltage when the dissipation ucHds 20 watts. 

Resistors placed in the screen circuit for ihe purpose of 
developing an audio mod ulatin9 voltage on the scrHn in 
modulated radio-frequtncy amplifiers should be made variable 
to permit adjustment when replacing tubes. 

Nate Dlulpatlo■ -Plate dissipation in excess of ♦he 125-watt 
maximum rating is permissible for short periods of time, such 
as during tuning procedures. 

o,.,.tloo-lf reasonable precautions are taken to prevent 
coupling between the input and output circuits, the 4E27A/ 5-
125B may usually be operated at frequencies up to 75 Mc. 
without neutralization. A conventional method of obteinin9 the 
necessery shielding between the grid end plate circuits is to 
use a suitable metel chassis with the grid circuit mounted below 
the deck and the plate circuit above. The tube socket should be 
mounted flush with the under side of the chassis deck, and 
spring fingers mounted around the socket opening should make 
contact between the chassis and the metal base shell of the 
tube. Power-supply IHds entering the amplifier should be by­
passed to ground and properly shielded. The output circuit and 
antenna feeders should be arranged so as to preclude any 
possibility of feedback to other circuits. 

F .. dback at high frequencies may be due to the inductance 
of IHds, particularly those of the screen end suppressor-grids. 
By-passing methods and mHns of placing these grids at r-f 
ground potential are discussed in Application Bulletin Number 
Eight, "The Care and Feeding of Power Tetrodes," available 
from Eitel-McCullough, Inc., for twenty-five cents. Much of the 
material contained in this bulletin may be applied to pentodes. 
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U G 1-1, I N c. 
SA N IR.UHO , CALIFORNIA 

► The Eimac 2C39A is • high-mu UHF transmitting triode with a plate-dissipation rating of 100 
watts, designed for use as • power amplifier, oscillator, or frequency multiplier at frequencies to 
above 2500 Mc. The rugged construction, small size and unusually high transconductance of this tube 
make it ideal for compact fixed or mobile equipment. Its physical characteristics are particularly suit­
able for grid-isolation circuits and for cavity-type circuits, 

The 2C39A in a class-C r-f grid-isolation circuit at 500 Mc. will deliver up to 27 watts useful 
power output with b watts driving power. As an r-f oscillator at 2500 Mc., the 2C39A will deliver a 
minimum of 12 watts useful power output. 

GE,_NERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Coated Unipotential 
Huter Voltage' 
Heeter Current 

Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plate 
Grid-Cathode • 
Plate-Cathode • 

Transconductance ( lb=70ma., Eb=600v,) 
► H ighest Frequency for Maximum Ratings 

1See "A pplication". 

► MECHANICAL 
Base, Socket and Connections • 
Mounting Position • 
Cooling • 
Maximum Temperature of Anode, Grid , Cathode 
Maximum Overall Dimensions: 

l ength 
Diameter 

Net Weight 
Shipping Weight (Average ) 

6.3 volts 
1.0 ampere 

100 

1.95 µ.µ.f 
6.50 µ.µ.f 

0.035 µ.µ.f max. 
22,000 µ.mhos 

2500 Mc. 

• See drawing 
Any 

Forced air 

and Heater Seals and Anode C ooler C ore 

2G39A 
HIGH -MU TRIODE 

Supersedes 
Types 

2C38 - 2C39 

175' C 

2.75 inches 
1.26 inches 
2.8 ounces 

7 ounces 

RADIO-FREQUENCY POWER AMPLIFIER, 
OSCILLATOR OR MODULATOR 

TYPICAL OPERATION (Key-down conditions, per tube) 
(Power-Amplifier Grld-holation Circuit, CW Operetion, 500 Mc.) 
0 -C Plate Voltage 
0-C Grid Volt.,,1e 

IOO volts 
-20 volts 

80 me 
32 ma 

MAXIMUM RATINGS (Per tube) 

0-C PLATE VOLTAGE 
0 ,C CATHODE CURRENT 
0-C GRID VOLTAGE 
0 -C GRID CURRENT 
HEATER VOLTAGE • 
INSTANTANEOUS PEAK POSITIVE 

GRID VOLTAGE 
INSTANTANEOUS PEAK NEGATIVE 

GRID VOLTAGE 
PLATE DISSIPATION 
GRID DISSIPATION 

1000 MAX. VOLTS 
125 MAX. MA 

-ISO MAX. VOLTS 
• SO MAX. MA 

SEE APPLICATION NOTES 

30 MAX. VOLTS 

400 MAX. VOLTS 
100 MAX. WATTS 

2 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER OR OSCILLATOR 
MAXIMUM RATINGS (Carrier conditions, per tube) 

0 -C PLATE VOLTAGE • 
0 -C GRID VOLTAGE 
0-C GRID CURRENT 

► D-C CATHODE CURRENT 
PEAK INSTANTANEOUS POSITIVE 

GRID VOLTAGE • 
PEAK INSTANTANEOUS NEGATIVE 

GRID VOLTAGE 
PLATE DISSIPATION 
GRID DISSIPATION 

600 MAX. VOLTS 
-ISO MAX. VOLTS 

SO MAX. MA 
100 MAX. MA 

30 MAX, VOLTS 

400 MAX. VOLTS 
70 MAX. WATTS 
2 MAX. WATTS 

0-C Plate Current 
0 -C Grid Current 
Driving Power (approx.)' 
Useful Power Output 

TYPICAL OPERATION 
(R,F Oscillator, 2500 Mc.) 1 

0 -C Plate Voltage 
0 -C Grid Voltage 
0-C Plate Current 
0-C Grid Current 
Useful Power Output 

TYPICAL OPERATION 
(Plate-Modulated Radio-Frequency Power Amplifier 
Grid-1,oletlon Circuit, 500 Mc., Per Tube) 

0-C Plate Voltec;ie 

0-C Grid Voll•c;i• 

0-C Plate Current 

0-C Grid Current 

Driving Power (eppro1.)' • 

Useful Carrier Power Output 

•Driving power listed is lhe total power which must be supplied to a practical grid ,ircuit al the frequency shown, 

6 watts 
27 watts 

,00 volts 
- 22 volts 

,0 me 
27 me 
12 watts 

600 volts 

-16 volts 

75 me 

40 me 

6 watts 

18 watts 

► ' These 2S00-Mc. conditions conform to the minimum requirements of t he JAN-I A speci fications for the 2C39A. 
'for less than 100% modulation, higher d •c plate volloge may be used i f the sum of the pea~ positive modulating voltage and the d-c plate voltage does 
not exceed 1200 volls. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY 
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION ANO RECOMM ENDATIONS. 

(Effective 6-2-S2) Copyright 1952 by E:tel-lllcCvllovgh, Inc. ► Indicate, chenc;ie from sheet dated 6-1S-SI 
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APPLICATION 

MECHANICAL 

MounthKJ-The 2C39A may be operated in any 

position. It should seat against the "anode flange" 

( see outline drawing ), and any clamping action 

intended to hold the tube in its socket against 

vibration should also be applied to this flange. 

No seating or clamping pressure should· be exerted 

against any other surface. 

Connections-The tube terminals are in the form 

of concentric cylinders having graduated dia­

meters, as illustrated in the outline drawing. Spring 

collets or fingers should be fitted to these cylindri­

cal surfaces to make contact with the anode, grid, 

cathode and heater terminals. It is important to 

maintain good electrical contact by keeping these 

surfaces clean and by providing adequate contact 

area and spring pressure. 

Coolin9-Forced air must be supplied to the 

anode, grid, cathode and heater seals and to the 

anode cooler core in sufficient quantities to limit 

their temperatures to I 75°C. A convenient access­

ory for the measurement of tube temperatures is 

"T empilaq", a temperature-sensitive lacquer manu­

factured by the Tempil Corporation, I 32 West 

22nd St., New York 11, N. Y. 

A suitable arrangement for an anode cooling 

cowl is shown in conjunction with the outline draw­

ing. For operation at maximum rated dissipation, 

an air flow through this cowling of 12.5 cubic feet 

per minute is recommended; less cooling air may 

be used at low plate dissipations, provided only 

that seal and anode cooler core temperatures are 

not allowed to exceed 175°C. 

At ambient temperatures greater than 25°C., 

or at altitudes higher than sea level, more air will 

be required to accomplish equivalent cooling. Fur­

ther information on this subject is contained in an 

article by A. G. Nekut, "Blower Selection for 

Forced-Air Cooled Tubes", Electronics, August, 

1950. 

ELECTRICAL 

Heater Voltage-The heater of the 2C39A is de­

signed to be operated at 6.3 volts, with variations 

► Indicate• chan9e from sheet dated 6-tS-SI 

held within the range of 5. 7 to 6. 9 volts. This oper­

ating voltage is particularly recommended for 

pulse applications requiring in excess of 3.0 am­

peres of peak cathode current. 

Tube life may be materially increased by oper­

ation of the heater at 5.3 volts, with variations 

held within the range of 4.8 to 5.8 volts. This oper­

ating voltage should be used whenever the peak 

cathode current is n~t required to exceed 3.0 

amperes, and whenever transit-time effects contri­

bute back heating to the cathode. Back heating is 

a function of frequency, grid bias and excitation 

( grid current I, load impedance, power output and 

circuit design and adjustment. 

Cavity Circuits--lnformation regarding the design 

of cavities suitable for the 2C39A is widely avail­

able. One source is the material on cavity design 

for the 2C38 and 2C39 contained in "Very High 

Frequency Techniques", Radio Research Labora­

tory Staff, McGraw-Hill Co., 1947, Vol. I, Chapter 

15, pp. 337-375. 

Operation-Low-voltage, high-current operation is 

preferable to high-voltage, low-current operation, 

from the standpoint of optimum tube life. 

An excellent indication of operating conditions 

is the ratio of grid current to plate current; when 

the 2C39A is operated with grid-~urrent values 

greater than half those of the plate current, either 

the drive is excessive or the plate loading is too 

light for the excitation present. The tube should 

never be operated without a load, or lightly loaded, 

even for short periods of time, and drive should be 

held to the lowest value consistent with reasonable 

efficiency. 

When grid-leak bias is used, suitable means 

must be provided to protect the tube against loss 

of excitation at plate voltages in excess of 800 

volts, and the grid-leak resistor should be made 

variable to facilitate maintaining the bias voltage 

and plate current a t the desired values when tubes 

are changed in the equipment. 
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► 
► 

EI TE 
SAN:41t_VMO , CALIFOllMIA 

The Eim•c 3X2SOOA3 is a medium-mu, forced-ak--cooled, ertern•l-enode tran1mittin9 triode with • m••i­
mum pl1to-dlssip11ion ratin9 of 2500 w11t,. Rtlativoly hi9h powor output u u 1mplilier, oscllll!or or modul1tor 
m1y be obtained from this tube at low plat, voltages. A .Ingle tubt will dtlivor a radio-lroquoncy output of 
7500 watts at 4000 plete volts 1♦ frequencies up to 110 Mc ., as well as at lower frtQuencies. 

Tht tube h,s • ru991d, low-inductance cylindric•! filament-den, structure, which readily becomes p•rt of 
a linur filament link circuit for V. H.F. operat,on. The 9rid provide, thorough shielding botwHn tho input ud 
output circuits for 9round1d-9rid ,ppfic,tions,, end is conv1n11ntly terminated in • ring between the plate •nd 
filament terminals. As a result of the use of unique qrid- and fHament-ta, minal arran91m1nh, it is pouible to 
Instill or romovo the 3X2500A3 without the lid of tools. 

Tho approved Federal Communications Commiuion ratin9 for tho 3X2500A3 u • plato-modul1tod amplifier 
is 5000 wath of carrier power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plate 

Grid-Filament 

Plate-Filament 

Transconductance (1. - 830 ma., E. - 3000 v.) 

Highest Frequencies for Maximum Ratings 

MECHANICAL 
Base 
Mounting 

Cooling 
Maximum Anode Cooler Core and Seal Temperatures 

Maximum Over-All Dimensions: 
Length 

Diameter 
Net Weight 
Shipping Weight (Average) 

7.5 volts 

51 amper.s 
20 

20 µµfd 
36 µµId 
1.2 µµfd 

20,000 µmhos 

75 Mc 

• s .. drawing 
Vertical, base down or up 

Forced air 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 

TYPICAL OPERATION (Frequencies below 75 Mc., per tube) 

(Conventional Noutrali1od Amplifior-Froquoncits below 75 Mc. ) 
Cl•u-C FM or Telegraphy (Key-down eonditions, por tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 6000 MAX. VOLTS 
D-C PLATE CURRENT 2.5 MAX. AMPS 
PLATE DISSIPATION 2500 MAX. WATTS 
PLATE COOLER CORE TEMPERATURE 150 MAX. ' C 
GR ID DISSIPATION' 150 MAX. WATTS 

RADIO-FREQUENCY POWER AMPLIFIER 
Grounded-Grid Circuit 
Clau-C FM Ttltphony 

MAXIMUM RATINGS (Froquoncios botweon 15 ind 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
D-C GRID CURRENT' 
PLATE DISSIPATION 
rLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION• 
•See opplic.otion notes. 

110 Mc,) 
4000 MAX. VOLTS 

2.0 MAX. AMPS 
200 MAX, MA 

2500 MAX. WATTS 
150 MAX. ' C 
ISO MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
(Convention•! Neutr•liud Amplifi•r-Frequenciu 
Cl111-C Telophony (Carrier cond ition,, per tub•) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION 

below 75 Mc. ) 

5000 MAX. VOLTS 
2.0 MAX. AMPS 

1670 MAX. WATTS 
150 MAX.' C 
ISO MAX. WATTS 

D-C Pl1te Volta9e 
D-C Plato Curront 
D-C Grid Volt19e 
D-C Grid Current 
PHk R-F Grid Input Voltage 
Driving Power (appro1.) • 
Grid Diuip•tion .. - .. 
Plate Power Input 
Pl1te Diuipation 
Plato Power Output 

TYPICAL OPERATION (110 Mc., 

D-C Plate Vo1t19e 

D-C Grid Volta9e 

D-C Plate Current 

D-C Grid Current 

Orivin9 Power (appro1, ) 

Ustful Power Output 

per tube) 

4000 5000 
2.5 2.5 

-JOO -450 
245 265 
580 750 
142 1'7 
61 71 

10,000 12,500 
2500 2500 
7500 10,000 

3700 

--450 

I.I 

1,0 

1600 

6150 

TYPICAL OPERATIONS ( Frequencits below 75 Mc., per tube) 
D-C Plate Vo1t1go 4000 4500 
D-C Plato Curront 1.67 1.55 
Total l ias Volta9t -450 -500 
Fired Bias Voltage -230 -325 
Grid Resistor • 1500 1500 
D-C Grid Current 150 120 
P .. k R-F Grid Input Voltage "° 720 
Driving Powu (appro1.) 102 .. 
Grid Diulp1tion • 35 26 
Plitt Power Input 6470 H70 
Plate Dinipation 1'70 1670 
Plato Pc,wer Output 5000 5300 

1so·c 

9.0 inches 

4.1 56 inches 
6.25 pounds 

17 pounds 

6000 volts 
2.08 ,mp• 
~ volts 

IIO ml 
765 volt, 
116 wilts 
46 watt, 

12,500 watts 
2500 watts 

10,000 watt, 

4000 volh 

-500 volt, 

I.IS amp, 

1,0 ma 

1,00 ..... 
7500 watts 

5000 volh 
1.45 •mp1 

-S50 volts 
--410 volts 

1400 ohms 
100 ml 
760 volts 
76 ••tts 
21 w•th 

7250 ••tts 
1670 •• tt, 
55'0 w•tts 

IF IT 15 DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER " TYPICAL OPERATION", POSSIBLY 
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE. WRITE EITEL-McCULLOUGH, INC .• FOR INFO~MATION AND RECOMMENDATIONS. 

(Effeet ive 6·2-52) C opyro9ht, 19S2 bv Eitel McCullough, Inc. ►indicates change from sheet dated 2-1S,SO. 
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AUDIO-FREQUENCY POWER AMPLIFIER TYPICAL O PERATION CLASS Al, (Two tubos) 

AND MODULATOR (Modul•tor service for 4000 40d 5000 volt oper•tion, to modul•te one or 

Cl•11 I (Slnusold•I wne, two tub., unleu oth•n,ise ,pecifi•d l two hllHs, H shown unde r "Plate Modul•l•d Radio Freque ncy Amplifier.") 

MAXIMUM RATINGS 0 -C Pl•t• Volt•11e 4000 s~ 4000 5000 volh 
0-C PLATE VOLTAGE • • a a 6000 MAX. VOLTS 
MAX.-SIGNAL 0 -C PLATE CUUENT, PER TUBE 2.5 MAX. AMPS 0 -C Grid Volt.11• (appro1.) • -155 -200 -14S -190 volt, 

PLATE DISSIPATION, PER TUIE • • • • 2500 MAX. WATT'S 'Zero-Si11n•I 0 -C Pl•le Cu"ent 0.4 0.4 o., 0.5 •mps 
PLATE COOLER CORE TEMPERATURE ISO MAX. 'C Mn.-Sl11n•I D-C Plate Curr•nt I.JS 1.13 2.70 2.26 
TYPICAL OPERATION CLASS Al, (Two tubos) 

ifflPI 

Effectiv• Lo1d, "·'· to Pl•te 6600 10,000 JJOO 5000 ohms 
0-C Pl•I• Volt111e • • 4000 S000 6000 volh P .. k A-F Grid Input Volt•11• 
0-C Grid Voll•'il• (1pprox. )• -ISO -190 -240 volh 
'Zero-Si11 .. 1 0 -C Pl•I• Current 0.6 0.5 O.◄ •mps (pe r tube) 2◄0 27S 28S 310 volts 

Mn.-Si11n1I 0-C Pl•te Current 4.0 3.2 3.0 •mp1 Mu-Si11n• I P .. k DriYino Power 42 40 134 111 watts 
Effective Lo•d, Pl•te to Pl•I• - 2200 3600 ◄650 ohms M1x.-Si11n•t Nomin1I Drivin',I 
PHk A-F Grid Input Volt111• (per tube) 340 360 390 volts 
MH.-Si11n1I PHk Drivin',I Pow•r • 340 230 2.25 watts Power (1ppro1.) 21 20 67 59 w1tts 

MH.-Sl11n1I Nomin•I Drivin',I Power Mu.•Si11n•I Pl•le Power Output 3700 4000 7400 8000 watts 
(1pprox. ) • • • - - 170 IIS 113 w•tts W ill Modul•te It. F. Final Input of 6670 7250 13,340 14,SOO ••th 

M••.-Sl11n•I P11te Power Output 11 ,000 11,000 13,000 watts 
•Adiust to g ive st4ted zoro-signol plate current. 

APPLICATION 
►Cooling-A minimum air flow of 120 cubic feet 

per minute must be passed through the anode 
cooler. The pressure drop across the cooler at this 
rate of flow equals 1.0 inch of water when the 
tube is cold, and increases with rising tempera­
ture to 1.25 inches when the plate dissipation at­
tains its rated maximum value of 2500 watts. 

A minimum air flow of 6 cubic feet per minute 
must also be directed into the filament stem struc­
ture between the inner and outer filament ter­
minals. Cooling air in the above quantities must 
be supplied to the anode cooler and the filament 
seals before filament voltage is applied, and the 
air flow should be maintained for at least one 
minute after the filament power has been re­
moved. Simultaneous removal of all power and 
air ( as in case of power failure) will not ordinarily 
injure the tube, but it is not recommended as a 
standard operating practice. Anode-cooler-cor,e, 
grid- and filament-seal temperatures must not ex­
ceed 150° C. 

The figures above are for an ambient temper­
ature of 20° C at sea level and do not include 
duct or filter losse s. Further: information regarding 
operation at higher ambient temperatures or 
higher altitudes is available in an article entitled 
"Blower Selection for Forced Air Cooled Tubes" , 
by A. G. Nekut, in the August, 1950, issue of 
"Electronics". 

Filament Voltage--The f ilament voltage, as meas­
ured directly a t the tube, should be 7.5 volts with 
maximum allowable variafions due to line fluctua­
tion of from 7 . 12 to 7 .87 volts. 

lias Yoltage--There is little advantage in using 
bias voltages in excess of those given under " Typ­
ical Operation", except in certain very special­
ized applications. Where bias is obtained from a 
grid resistor, suitable protective means must be 
provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

►Indicates chan11e from sheet dated 2-IS-SO. 

Plate Yoltage--The plate-supply voltage for the 
3X2500A3 should not exceed 6000 volts. In most 
cases there is little advantage in using plate-sup­
ply voltages higher than those given under "Typi­
cal Operation" for the power output desired. 

In Class-C FM or Telegraphy service, a 0.1 henry 
choke, shunted by a spark gap, should be series 
connected between the plates of the amplifier 
tubes and the high-voltage-plate-supply capacitor 
to offer protection from transients and surges. In 
plate-modulated service, where a plate-modula­
tion transformer is used, the protective choke is 
not normally required. 

Grid Dissipation--The power dissipated by the 
grid of the 3X2500A3 must never exceed 150 
watts. Grid dissipation may be calculated from 
the following expression: 

Pg = ecmpl.: 

where Pg a Grid dissipation, 
ecmp - Peak po,itive grid voltage, and 

lc - D-c grid current. 

ecmp, may be measured by means of a suitable 
peak voltmeter connected between filament and 
grid. Any suitable peak v.t.v.m. circuit may be 
used (one is shown in "Vacuum Tube Ratings", 
Eimac News, January 1945. This article is avail­
able, in reprint form on request). 

In equipment in which t he plate loading varies 
widely, such as oscillators used for radio-fre­
quency heating , care should be taken to make 
certain that the grid dissipation does not exceed 
the maximum rating under any condition of load­
ing. 

In VHF operation, particularly above 75 Mc., the 
d-c grid current must not exceed 200 ma. under 
any conditions of plate loading. With lightly 
loaded conditions the grid drivin9 power should 
be reduced so that the grid current does not ex­
ceed one-tenth of the plate current. 
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S A M B RUN O, CA L IF O R NI A 

The Eimoc 3X2500F3 is o medium-mu, forced-air cooled, external-anode power 
triode intended for amplifier, oscillator and modulator service. It hos a maximum plate 
dissipation roting of 2500 watts and is capable of high output at relatively low plate 
voltages. A single 3X2500F3 will deliver o radio frequency plate power-output of 7500 
watts at a plate voltage of 4000 volts. 

The tube is equipped with flexible filament ond grid leads which simplifies socketing 
and equipment design for industrial and communication frequencies below 30 Mc. 

The approved Federal Communications Commission roting for the 3X2500F3 as a 
plate modulated amplifier is 5000 watts of carrier power. 

ELECTRICAL 
Filament: Thoriated tungsten 

Voltage 
Current 

Ampliflcation Factor (Average) 

GENERAL CHARACTERISTICS 

Direct lnterelectrode Capacitances (Average) 

Grid-Plate • 

Grid-Filament 

Plate-Filament 

Transcondudance (ib = 830 ma., Eb = 3000 v.) 
Frequency for Maximum Ratings 

MECHANICAL 
Base 
Mounting 
Maximum Overall Dimensions: 

length (does not include fllament connectors) 
Diameter 

Net weight • 
Shipping weight (Average) 

► Coaling 

7.S volts 
SI amperes 

20 

20 µµfd 

36 µµfd 

1.2 µµfd 

20,000 µmhos 

• 30 Mc 

See Drawing 
Vertical, base down or up 

9.0 inches 
4.156 inches 

7.S pounds 
• 17 pounds 

A minimum flow of 120 cubic feet of oir per minute must be passed through the anode coaler. The pressure drop across the coaler al this flow equal, 
1.0 inch of water. A minimum air-flow of 6 cubic feel per min•,te must also be directed toward the flloment-stem structure, between the inner and outer 
fllamenl conductors. Coaling air in the above quantities must be supplied to both anode coaler and fllament seals before applying fllamenl voltage 
and should be continued for one minute ofter the fllament power is removed. Anode-coaler core, grid ond fllament seal temperohlre, must not exceed 
150° C. These figures ore for on ambient temperohlre of 20° C al sea level and do not include duct or fllter losses. 

RADIO - FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 

► (Convenlionol NeutroH1ed AmpliAer-Fr•qu♦nciu below 30 Mc.I 
CloH~C FM or Telegraphy (Key-down conditions* per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CU RUNT 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION' • • ■&C A~Pl,.ICATION NOTU. 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
150 MAX. ' C 
150 MAX. WATTS 

PLATE- MODULATED RADIO-FREQUENCY 
AMPLIFIER 

► (ConvenHonol Neutralized AmptiRe,- frequencies below 3 0 Mc.) 
Clou-C Telephony (Carrier condiOcwu. per tube) 
MAXIMUM RATINGS 
0-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
PLATE COOl£R CORE TEMPERATURE 
GRID DISSIPATION • 

5000 MAX. VOLTS 
2.0 MAX. AMPS 

1670 MAX. WAHS 
150 Ml,.X. • C 
1 so MAX. w1,.ns 

TYPICAL OPERATION (Frequencio, below 30 Mc. per lube) 

D-C Plole Volloge ,ooo 
0 -C Plate Current 2.5 
D-C Grid Voltoge - 300 
D-C Grid Current 2,5 
Peok R- F Grid Input Voltoge 580 
Otiving Power (approx.) • U2 
Grid Dissipation 68 
Pfote Power lnptlt 10,000 
Plate OiuipotM)ft 2500 
Plo·te Power Output • 7500 

TYPICAL OPERATIONS (Froquencie, below 30 Mc. per tube) 
D-C Plot• Voltage ,ooo 
0-C Plate Current 1.67 
Total llos Voltage - '50 
Fixed 81os Voltage - 230 
Grid Re,istor 1500 
D-C Grid Current 150 
Pook R-F Grid Input Voltage 680 
OrMno Power (opproJt.) - 102 
Grid Dissipation 35 
Plate Power Input 6670 
Plate Oi.uipatKN\ 1670 
Plate Power Output • 5000 

5000 6000 volh 
2.S 2.08 ompl -,so - 500 volts 

265 180 mo 
750 765 volts 
197 136 watts 
78 '6 watts 

12,500 12,500 watts 
2500 2500 woth 

10,000 10,000 watt, 

,soo 5000 volts 
1.5$ 1.45 amps 

- 500 - 5$0 volts 
- 325 - ,10 volb 
1500 uoo ohms 

120 100 mo 
720 760 volts 

86 76 watts 
26 21 watts 

6970 7250 watts 
1670 1670 watts 
5300 5580 watts 

Ir- IT IS DESIRED TO OPERATE THIS TUIE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY 
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE. WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND UCOMMtNDATIONS. 

(Elfoafl,o 2-1-53) Copyr,,ht 1953 by Eot,I McCulloueh , ► lnd1c.t~s C hongc froo, Sh«<t Doted 2-1-50 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Clon I (Sinvsoldol wove, two tubu 1'ftleu otherwise spectf\ed) 
MAXIMUM RATINGS 
0-C PlATE VOlTAGE • • • 
MAX.-SIGNAl 0-C PlATE CURRENT, PER TUBE 
PlATE DISSIPATION, PER TUBE • 
PlATE COOLER CORE TEMPERATURE • 
TYPICAl OPERATION CLASS Al, (Two tubes) 
D-C Plot• Voltoo• • - -
D-C Grid Voltage (appro•.l' • 
lero-Slgnol O·C Plate Cw,.,_t 
Ma•.•Sioftol 0-C Plate Cun-ent 
Effective load, Plate to Plot• .. . 
Peak A-f Grid lnpvt Voltoge (pe, tube) 
Moa .• ~gnol Peak 0riviftg Power - -
Mox.•S.gnol Nominal Driving Power {opprox.t 
Mox.-Slg"°I Plate Power Output . 

4000 
- ISO 

0.6 
4.0 

2200 
340 
340 
170 

11,000 

APPLICATION 

6000 MAX. VOUS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
ISO MAX. • C 

S000 6000 v~ts 
- 190 - 240 vo1h 

0.5 0.4 amp, 
3.2 3.0 amps 

3600 4650 ohms 
360 390 volh 
230 225 watts 
115 113 watts 

11,000 13,000 wott1 

FIiament Volta&e-The filament voltage, as measured 
directly at the tube, should be 7.5 volts with maximum 
allowable variations due to line fluctuation of from 7.12 
to 7 .87 volts. 

Blas Voltace-There is little advantage in using bias volt­
ages in excess of those given under "Typical Operation," 
except in certain very specialized applications. Where bias 
is obtained from a grid resistor, suitable protective means 
must be provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

Plate Voltace - The plate-supply voltage for the 
3X2500F3 should not exceed 6000 volts. In most cases 
there is little advantage in using plate-supply voltages 
higher than those given under"Typical Operation" for the 
power output desired. 

In Class-C FM or Telegraphy service, a. 0.1 henry choke, 
shunted by a spark gap, should be series con.nected between 
the plates of the amplifier tubes and the high-voltage-plate­
supply capacitor to offer protection from transients and 
surges. In plate-modulated service, where a plate-modula­
tion transformer is used, ,the protective choke is not nor­
mally required. 

Grid Dissipation-The power dissipated by the grid of 
the 3X2500F3 must never exceed 150 watts. Grid dissipa­
tion may be calculated from the following expression: 

Pg =e,.,plc 
where Pg = grid dissipation, 

e...,P = peak positive grid voltage, and 
le= d-c grid current. 

e,.,p may be measured by means of a suitable peak volt­
meter connected between filament and grid. Any suitable 
peak v.t.v.m. circuit may be used (one is shown in "Vacu­
um Tube Ratings," Eimac N.ews, January 1945. Thjs article 
is available, in reprint form on request). 

In equipment in which the plate loading varies widely, 
such as oscillators used for radio-frequency heating, care 
should be ta.ken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 

TYPICAL OPERATION ClASS Al, (Two tubHI 

{Moduloto, service for 4000 and 5000 vott operation, to modulate on• or two tubes. 
as shown vnder "Plate Modu4ated ttodio frequ~y Amplifler ... ) 

0-C Plate Voltao• 4000 

0-C Grid Voltao• (appro•.)" • - 155 
Z•ro•Signol D·C Plot• CVfrent 0.4 

Mo•.-Slgftal 0-C Plate Curr..,t 1.35 
Effectlv• Load. Plate to Plate ... 6600 
Peak A-f Grid Input Voltao• (per tube) 240 
Mox.TSignol Peak Driving Power . 42 
Mox.•Signot Noffilnol Driving Power 

(appro•.) 21 

Mox.-Slgnol P1ote Power Output 3700 
WUI Modulate R. f. firlal lnpvt al . 6670 

•Adiust to 9ivc stated u :ro .. sisn4I pl•tt: current. 

► 

4{- ¼ 'fi DIA. 

1i t ii_ DIA.+----, 

3f O'f'MAX: 
~ - -le.a;; 

CONTACT SURFACE 

G!l!Q GOIH:CIO!l 

5000 4000 
- 200 - us 

0.4 0.6 
1.13 2.70 

10,000 3300 
275 285 
40 134 

20 67 
4000 7400 
7250 13,340 

.l I 
4 tit 

5000 volts 
- 190 volts 

0.5 omps 

2.26 omp1 

5000 ohm, 
310 volts 

118 wotb 

59 woth 

8000 wotb 

14,SOO watts 

MENT C<ltMCTORS 
7" LONG 

2/0 QONNECTORS 

t~ 

► lndlc.t•• O ,ns• from Sheet O.ted 2 -1-50 

• 
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DRIVING POWER vs. POWER OUTPUT 

The three charts on this page 
show the relationship of plate ef­
ficiency, power output and grid 
driving-power at plate voltages of 
4000, 5000 and 6000 volts. These 
charts show combined grid and bias 
losses only. The driving power and 
power output figures do not include 
circuit losses. The plate dissipation 
in watts is indicated by Pp. 

Points A, B, and C are identical 
to the typical Class C operating 
conditions shown on the first page 
under 4000, 5000 and 6000 volts 
respectively. 
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3X3000A1 
LOW-MU TRIODE 

• 
E I T E L - Mc C (J L LO U G H, I N c. MODULATOR 

AMPLIFIER SAN IRU MO , C A LIFOR N IA 

The Eim•c 3X3000AI is a low-mu forced-•ir-cooled power triode intended for UH as an audio 

•mplifier or modulator. The muimum rated plate dissipation is 3000 watts. 

Two 3X3000Al 's in class-AB, audio service will deliver up to 10 kilowatts maximum-sign•I plate 

power output at 6000 plate volts without drawing grid current. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thori•ted Tungsten 
Volt•ge 
Current 

Amplification Factor (Average) 

Direct lntarelectrode Capacitances (Average) 
Grid-Plate 

Grid-Filament • 
Plate-Filament • 

Tr•nsconductance (I•= 1.0 amp., E•=lOOOv.) • 

MECHANICAL 
Base 

Mounting Position • 

Cooling 

Muimum Temperatures: 
Grid and Filament SHls, 
Anode Cooler Core 

Maximum Overall Dimensions: 
Length 
Di•meter • 

Net Weight 

Shipping Weight (Aver•g•J 

AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Cl•ss-Al1 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION 

4000 MAX. VOLTS 

2.5 MAX. AMPERES 

3000 MAX. WATTS 

50 MAX. WATTS 

7.5 volts 
51 amperes 

5 

17 µµf 
29 µµf 
2.5 µµf 

11,000 µmhos 

SH outline dr•wing 

Vertical, bese down or up 

Forced air 

,so·c 

9.0 inches 
4.16 inches 

6.25 pounds 

16 pounds 

TYPICAL OPERATION (Slnu1old1I wive, two tubes unleu otherwise speclfled) 
D-C Pl1le Volt111e • • • 3000 <IOOO 5000 6000 volts 
D-C Grid Voll111e (1ppror.)' -600 -NO -1080 -1300 volts 
Zuo-Sl11n1I D-C Pl1te Current 665 500 «>O 335 m• 
Mar-Sl11nal D-C Pl1te Current 3.35 3.00 2.IO 2.65 1mp1 
Effective Lo1d, P11te-to-P11te 1170 2160 3320 4560 ohm, 
Puk A-F Grid Input Volt111e 

(per tube) • • • • 
M1r-Sl11 .. 1 Drlvin11 Power \•pprox. ) 
M1x-Sl11n1I Pl1te Power nput • 
MH-Sl11n1I Pl1te Disslp1tion 

(per tube) • • • 
MH-Sl11n•I Plate Power Output 
Tot1I H1rmonlc Dldorl!on1 • 

555 
0 

10,000 

3000 
«>00 

2.7 

760 
0 

12,000 

3000 
6000 

I.I 

ffl 
0 

14,000 

3000 
8000 
u 

1250 volts 
0 WIits 

16,000 w•lls 

3000 w•tts 
10,000 wilts 

2. 1 per cent 

'Adjust to stoled Zero-Si11na l D,C Plate Current. Effective 11 ric:l-circuit resi1tooce must not exceed 200,000 ohms. 
1At mu imum si11nol without ne11ative feedbed. 

APPLICATION 
Filament Voltage-The filament voltage, as measured di• 
rectly at the tube, should be the rated value of 7.5 volts. 
Variations should be held within the range of 7.12 to 
7.87 volts. 
Cooling-The 3X3000Al requires an air-flow of 150 
cubic feet per minute through the anode cooler. Thls 
corresponds to a pressure drop across the cooler of 2.2 
inches of water. A flow of 6 cubic feet per minute must 
also be directed into the filament stem structure, between 
the inner and outer filament conductors. 

The air-flow must be started when power is applied to 
the filament, and must continue without interruption 

(Effective 2-1-52) Copyrl11hl lts2 by Eitel-McCullou11h, Inc. 

until all electrode voltages have been removed from the 
tube. It is advisable to permit the air-cooling system to 
operate for two minutes or more after the removal of 
power. 

These air requirements are based upon operation at 
an ambient temperature of 20•c and at sea level. 

Cooling conditions for the 3X3000Al may be con­
sidered satisfactory if the temperature of the anode 
cooler core and of the metal parts of the metaJ-to-glass 
seals is not allowed to exceed 15o•c . A convenient access­
ory for the measurement of these temperatures is "Tempi­
laq", a temperature-sensitive lacquer manufactured by 
the Tempi! Corpcration, 132 West 22nd St., New York 
11, N. Y. 
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TENTATIVE DATA 

INC. 

The Eimac 3K20,000LK is a three cavity, cascade, magnetically focused, 
power amplifier klys+ron intended primarily for UHF television broadcast 
service. A single 3K20,000LK operating as a television visual r-f amplifier will 
deliver 5.5 kW of peak synchronizing power output with a power gain of 20 to 
25 decibels. The cavities of the Eimac UHF television klystron are completed by 
tuning boxes external to the tube. 

NOMINAL TUNING RANGE 
The entire UHF television bend (470..890 Mc} is covered by thrH tubes of the 3K20,000L series: 

TUBE TYPE NUMBER 
3K20,000LA 
3K20,000LF 
3K20,000LK 

Mc. 
470-580 
580-720 
720..890 

CHANNEL 
14-32 
33.55 
56.83 

GENERAL CHARACTERISTICS 
MECHANICAL ELECTRICAL 

-Support from mounting flange 

- Axis Vertical 

Filament: Pure Tungsten 
Voltage • 
Current !with cathode cold) • -

9.0 Volts 
42. Amperes 

Mounting 

Mount ing Position 

Cooling -

Connections: 

Weter & Forced Air Current with cathode et operating 
temperature) - • - • 39. Amperes 

MHimum Allowable Starting Current - 84. Amperes 

filament 

Cathode 

Focus Electrode 

Cavities • 

Muimum O verall 

length 

Diameter 

Net Weight 

Shipping Weight 

Dimensions: 

(Average} -

Flexible L .. d, 

Cylindrical Strep 

Cylindrical Strep 

Multiple Contact Fingers 

38 Inches 

5 • 11 / 16 Inches 

45 Pounds 

205 Pounds 

Cathode: Unipotentiel ; hHted by electron bombardment 
MAXIMUM CATHODE RATINGS 

DC Voltage 2300. 
DC Current - .75 
DC Power • 1600. 

Focus Electrode: 
•Voltage ( with respect 

to cathode} 
Magnetic Field: Axial 

0 

MHimum Volts 
Muimum Amperes 
M11imum Watts 

Volts 

Field Stren9th ( epproai-
metely J • . 120. Gauss 

Nominal Frequency Range 
TV Channels 

720-890 Mc 
56-83 

•May be varied over a renge of O to -600 volh ii beam current 
control is desired. 

ULTRA HIGH FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS 

DC BEAM VOLTAGE 
DC BEAM CURRENT 
COLLECTOR DISSIPATION • 

- 14.0 Mu. kV 
- 1.7 Mu. Amps 
• 20.0 Mn. kW 

Note: Muimum beom voltage and beom current should not be epplied without moduletion (r-f drive), 

TYPICAL OPERATION 
RF linHr Amplifier--Television Visual Service (In accordance 

with 1953 United States Federal Com• 
municetions Commission Standards) 

DC Cathode Bombarding Voltage 
DC Cathode Bombarding Current 
DC Cathode Bombarding Power . 
DC BHm Voltage 
DC Beem Current 

f DC Collector Current ( eppro1imetely) • 
PHk Synchronizin'l level 
•Driving Power I approximately} 

Power Output 
Efficiency 

Bleck level 
fCollector Dissipation (approximately} -
•Driving Power (approximately) -

Power Output 

2100 Volts 
.66 Amperes 

1400 Watts 
13.3 kV 
1.55 Amperes 
1.25 Amperes 

55. Watts 
5.5 kW 

27. Percent 

14. kW 
36. Watts 
3.3 kW 

RF Amplifier--Television Aurel Service 

DC Cathode Bombard ing Voltage 

DC Cathode Bombarding Current 

DC Cathode Bombarding Power 

DC Beem Voltage 

DC BHm Current 

fDC Collector Current -

Driving Power 

f Collector Dissipation (approximately) • 

Power Output 

Efficiency 

I May vary somewhat from tube to tube. 

2100 Volts 

.66 Amperes 

1400. Watts 

10.5 W 

I.I Amper•s 

.9 Amperes 

10. Watts 

7. kW 

· 2.75 kW 

24. Percent 

Efficiency 16. Percent •Total driving power including loues inserted for broadband operation. 

Typlul or.r•tlon figures were o bt1ined by direct m .. surement In oper1tin9 equipment. The output power Is useful power meHured In • load 
circuit. T e dr!Ylng power is the tot1I power t1ken by the tube end • pr1ctlul resonent circuit. In meny cues with furtner refinement ind 
improved techniques better pe,fo,mence mi9ht be hid. Fo, the present the fi9u,es un be t1ken H ett1ln1ble ••lues. 

(Effective l -10,Sl) Copyright 1953 by Eitel-McCullough, Inc. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

,!•~~·· 
~~iK~0,0001.K 

APPLICATION 
Mot11tthtcJ-The 3K20,000LK is provided with two 
integral mounting flanges, located as shown on the 
outline drawing. Either flange may be used to · 
support the tube. Two thre.aded holes are provided 
in the Input Pole Piece end ere shown on the out­
line drawing. When fitted with eye bolts, the tube 
may be hung from these bolts during mounting 
operations. The eye bolts must be removed after 
mounting operations are completed to prevent 
high voltage arc-over. 
Filameltt Operatlon--For maximum tube life, the 
pure tungsten filament should be operated just 
above the emission limiting temperature. This tem­
perature will be obtained with a filament voltage, 
as measured directly at the terminals, of approxi­
mately 9 volts. The filament voltmeter should be 
capable of indicating within I % accuracy and un­
avoidable voltage variation should be within the 
range of ± 2 % • If a voltage regulator is used, the 
voltmeter should be a moving iron vane or dyna­
mometer type capable of reading correct RMS 
voltage with distorted wave form. 
Cathode Heatlag Power - The cathode of the 
3K20,000LK is unipotential and heated by electron 
bombardment. A de potential of approximately 
2100 volts is applied between the filament and the 
cathode; and the recommended cathode heating 
power of 1400 watts is obtained with approxi­
mately .66 amperes. The filament is designed to 
operate under space-charge limited conditions so 
that cathode temperature may be varied by 
changing the voltage between the filament and 
the cathode. 
CoolhHJ-Air and water flow must be started be­
fore the filament and cathode power are applied 
and maintained for at least two minutes after the 
filament and cathode power have been removed. 
Tube temperatures may be measured with a t e m­
perature-sensitive paint, such as "Tempilaq", man­
ufactured by the Tempil Corporation, 132 West 
22nd Street, New York I I , N. Y. 

3K20,000LK Cooling Requirements for Typical 
Operating Conditions and Correct Magnetic Field 
Adjustme nt: 

Cooling 
Modlum 

Input Pole Piece • - Weter 

Short Drih Tube Jacket 

l ong Drih Tube Jacket •Water 

Volume 

gpm 

gpm 

gpm 

Output Pole Piece - Weter I gpm 

Collector Assembly - - Water 6 gpm 

PreHure 
Drop Romorh 

8 psi ~ i;!:!ure 
2 

, Drop if 
psi Series 

• Connected 2 
PSI wit~ 5 / 16" 

I 6 . tubing= 
• PSI 24. psi 
3 psi 

Electron { Filament Stem • Air 1-2 cfm 

Gun Cathode Terminal Air 90 dm 

Structure Focus Electrode SHls 

Input Cavity 

Air 30 cfm s .. 
Nona 

Cooling 
Diagrem 

Center Cavity - Air IS cfm 

Output Cavity - Air SO cfm 
'Water inlet must be ot bottom ond outlet ot top to ovoid oir traps. 

The inlet water pressure of the Pole Pieces and 
the Drift Tube Jackets should not exceed 40 
pounds per square inch. The inlet water pressure 
of the Collector Assembly should not exceed 25 
pounds per square inch. Only clean, f iltered air 

Page Two 

should be blown on the tube. The cooling water 
should be of sufficient purity to prevent liming of 
the water system. The outlet water temperature 
must not exceed a maximum of 1o•c under any 
condition. The temperature of the metal-to-glass 
seals should not exceed 150°C. 
RF Colttact Surfaces--The means by which con­
tact is made between the cavities and the tuning 
boxes is of great importance. Two require ments 
which must be met to ensure proper tube perform­
ance are as follows: 

( I ) Contact to the tube cavities must be made only on 
t he peripherel surface of the l/4" cavity flenges es 
shown on the outline drewing. 

(2) Each individuel finger of the coll-♦ or spring stock 
materiel mutt male positive contact to the cavity 
flenge. 

Maqnetlc Ffelcl--An adjustable magnetic field is 
necessary to control and direct the beam through­
out the length of the drift tube. The magnetic 
field should be capable of variation around the 
recommended fie ld strength of 120 gauss. Beam 
transmission ( collector current divided by the 
beam current as measured in the cathode return 
to beam powe r supply I will vary from 75 % to 
95 % . Improper adjustment or misalignme nt of the 
magnetic field, as indicated by too low a value of 
beam transmission, may cause the beam to im­
pinge on and overheat the drift tube walls. 
Cautlon--lt is convenient to operate the r-f and 
collector portions of the tube at ground potential. 
Since the cathode and filament are operated at 
high negative potentials with respect to ground, 
filament and cathode power supplies and volt­
meters must be adequately insulated for these high 
voltages. Protection must also be afforded to 
operating pe rsonnel. 
Protection--lt is recommended that the following 
protective devices be used : 

(I) lnterloch in air and weter supplies. 
,21 lntarlocl in magnetic field supply circuit. 
3 Current overload in cathode bombardment supply 

circuit. 
( 4) Current overload in bHm current supply circuit. 
(5
6
1 Current underload in collector current circuit. 

( Current limiting resistor of approximately 100 ohms in 
series with beam power supply to isolate tuba from 
final capacitor of supply. 

The f ilament and cathode bombardment volt­
ages will normally be applied before the beam 
voltage. Cavity tuning or magnet adjustment 
should be made with reduced beam voltage ( 1h 
to 2h normal). Slight retuning and readjustment 
will be necessary when beam voltage is raised to 
full value. 

OUTPUT VOLTAGE 
versu, 

DRIVING VOLTAGE 
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INPUT POLE 

COOLING AIR NOT REQUIRED 
ON INPUT CAVITY------,,.__ _ __ _., 

THIS COOLING AIR MAY BE SUPPLIED 
BY A SINGLE BLOWER THROUGH 
SUITABLE MANIFOLD AND BAFFLES 

INPUT POLE 
WATER COOLING 

a---i-- -WATER OUT* 
0-,.........,1---- WATER IN* 

CENTER CAVITY ---
,. __ 

AIR COOLING:= = ,,__ ___ _.,:=---

OUTPUT CAVITY - -- - --
AIR COOLING ~.:-...:: === r---------

OUTPUT POLE 

OUTPUT POLE 
WATER COOLIN 

WATER OUT* 
WATER IN * 

DRIFT TUBE 
COOLING 

WATER OU_J: ~ COLLECTOR 
WATER IN f COOLING 

* WATER CONNECTIONS ARE MADE AS SHOWN 
WHEN TUBE IS MOUNTED WITH INPUT POLE 
UP. WHEN TUBE IS MOUNTED WITH OUTPUT 
POLE UP THE WATER CONNECTIONS MUST 
BE REVERSED. 

COOLING DIAGRAM 

Page Three 
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OIMENSIONS IN INCHES 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

®· 
<( 

0 
-ICD 

&O 

k,,~~•· 
------------~" 3120,000LK 

USE ½ FLARED TUBE UNION NUTS 
( IMPERIAL 41-F OR EQUAL) FOR 
COLLECTOR COOLING CONNECTIONS 
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0 0 
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1953 PROCEEDINGS OF THE I .R.E. 20 

High-Power Klystrons at UHF* 
D. H. PREISTt, MEMBER, IRE, C. E. MURDOCKt, ASSOCIATE, IRE, AND J. J. WOERNERt 

Summarv-A brief hfatory of hlp-power cw klystron deTelop­
meat ud a clusUlcation of types of klystron are followed by a de­
acr:lption of the three-cavity, crfdle11 klystron ampWler with mq­
netic focuamr, in reneral terms, ud the El.mac 5-kw klystron for 
UBP-TV in more detail. Thia tube bu cavities which are partly out­
side the vacuum system ud conta.ln ceramic "windowa." The ad­
vutaree of the klystron over the conventional neptive-crfd type of 
tube are reviewed from the atudpolnt of performance, ud the maJD 
operational featuree are noted. 

INTRODUCTION 

I N VIEW OF the increasing activity above 450 me 
for such purposes as television, it may be of value 
to review the means of generating transmitter 

power presently available. 
Of outstanding interest in this field is the post-World 

War II development of power amplifier klystrons. Al­
though the klystron principle was discovered as far back 
as 1939,1 its application to high-power generation was 
delayed, largely because of the 1939-1945 war and the 
need to concentrate on those lines of development which 
appeared the most promising for military purposes. The 
ultimate possibilities of the klystron were appreciated 
by few, and although a great deal of fundamental re­
search on electron beams was carried on in various 
places, development in the field of high-power cw tubes 
was confined mainly to one group in California,'·' and 
one group in France.'•6 As a result of this work the basic 
principles have been extended, and much progress has 
been made in techniques of construction, culminating 
in the recent appearance of high-power klystrons for 
commercial purposes in the United States,' ·' and an in­
creasing awareness of the great advantages of this type 
of tube for stable amplification at high-power levels. 

The object of this paper is to review, briefly, from the 
point of view of the potential user, the performance of a 
modern high-power klystron, and to describe the 
special peculiarities and methods of operation of this 
type of tube. A brief survey will also be niade of the 
factors limiting the performance of a klystron, compared 
with the factors limiting the performance of conven­
tional negative-grid tubes. 

• Decimal classification: R339.2 X R583.6. Original manuscript re­
ceived by the Institute, November 3, 1952. 

t Eitel-McCullough, Inc., San Bruno, Calif. 
1 R.H. Varian and S. F. Varian, •A high frequency 011Cillator and 

amplifier,• J our. Appl. Phys., vol. 10, p. 321; 1939. 
• •High Power UHF Klystron: Tek-Tech, p. 60; October, 1952. 
• W. C. Abraham, F. L. Salisbury, S. F. Varian, and M. Cho­

dorow, •Transmitting Tube Suitable for UHF TV,- paperpl"C8ented 
at IRE National Convention; 1951. 

• P. Gu~nard, D. Epsztein, and P. Cahour, •Klystron Amplifica­
teur de 5 KW 1 large bande passante," Ann. Radioekcl., vol. VI, 
p. 24: 1951. 

• R. Warnecke and P. Gu~nard, •Tubes 1 Modulation de Viteaae," 
Gauthier-V.illards, Paris: 1951. 

• J. J. Woerner, •A High Power UHF Klystron forTVServic:e,• 
paper pretiented at IRE National Convention; 1952. 

KLYSTRON TYPES 

Present-day klystrons fall into three categories: 

1. Reflex Klystron Osc-illat<>rs 
Most of these have low efficiency (of the order of 
1 per cent) and generate relatively low power, and 
are suitable for receivers, local oscillators, test 
equipment, and the like. 

2. 2-CaMty Klystrons 
These may be used as amplifiers, oscillators, or fre­
quency multipliers; as amplifiers they are capable 
of power gains of about 13 db and efficiencies of 
about 20 per cent, at frequencies of the order of 
1,000 me. 

3. 3-Cavity Klystrons 
These are useful, principally, as amplifiers, and are 
capable of power gains of about 20 to 30 db, and 
efficiencies of 30 to 40 per cent, together with 
bandwidths of several me, at frequencies of the 
order of 1,000 me. Because of the superior amplifier 
performance given by this type of klystron, the 
other two types will not be dealt with further in 
~his paper. 

3-CAVITY GRIDLESS KLYSTRON AMPLIFIER WITH 

MAGNETIC FOCUSSING 

A. Descr-iption 

This type of tube, sometimes called a "cascade 
amplifier," is illustrated schematically in Fig. 1. It will 
be seen to consist of four essential parts: 

1. TM Electron Gun 
This has a source of electrons (the cathode), a 
means of accelerating the electrons to a high 
energy level (the anode), and a means of focussing 
the electrons into a parallel beam of high electron 
density emerging from the hole in the anode. 

Fig. I-schematic diagram ol 3-cavity klystron with 
magnetic focusing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

21 Preist, Murdock, and Woerner: High-Power Klystrons at UHF January 

2. The RF Resonant Cavities and Drift Tubes 
The first cavity is fed with RF energy from a 
driving source at low level. The second cavity is 
tuned to resonance, or near resonance, but is not 
fed with energy from outside. The function of 
these two cavities, in conjunction with the drift 
tubes, is to velocity-modulate the electron beam 
so as to produce "bunches" of electrons at the out­
put cavity. The latter is tuned to resonance and 
coupled to the antenna, or other load, and serves 
to extract as much RF energy as possible from the 
"bunched" electron beam. Its function and opera­
tion are closely similar to those of the output cir­
cuit of a Class "C" amplifier using triodes or 
tetrodes. 

3. The "Collector" Electrode 
This collects the electrons after they have passed 
through the output cavity, and have given up part 
of their energy to the RF field, and thus to the 
load; because only about 30 per cent of the energy 
in the beam is converted to RF energy, this collec­
tor has to be capable of dissipating the remaining 
percentage, that is to say, 70 per cent of the 
product of the anode-cathode voltage and cathode 
current, when fully driven. (In practice the collec­
tor current is very slightly less than this because 
some electrons inevitably strike the anode and the 
drift-tube walls.) If the tube is used as a linear 
modulated amplifier, the collector will be required 
to dissipate 100 per cent of the input power under 
conditions of zero drive and zero output. 

4. External Magnetic Circuit 
This consists of suitably disposed electromagnets 
producing an axial magnetic field of controllable 
strength which tends to keep the beam parallel as 
it passes along the tube. Without this field the 
beam would expand because of the mutual re­
pulsion of the electrons. The optimum field 
strength is fairly critical, and is not necessarily 
uniform along the length of the tube. It is usually 
prevented from penetrating the cathode, either by 
a metallic magnetic shield or by the use of a "buck­
ing" coil, or by a combination of both. 

B. Performance and Operational Features of This Type of 
Klystron 

The 3-cavity klystron is a tube capable of generating 
a much larger power output at uhf than the conven­
tional negative-grid tube. The deterioration of per­
formance as the frequency is raised is slight. The power 
gain of the klystron is very much larger than that of a 
tetrode. It may be worthwhile to review briefly the rea-
sons for this. · 

Considering the factors limiting the power output of 
a triode or tetrode, aside from external circuit losses, 
one finds that basically they are the total cathode emis­
sion, the anode voltage, the interelectrode spacing, and 

the RF loss in the materials used to make the electrodes 
and the envelope. Now the total cathode emission, as­
suming the best material is used and that a given life 
is required, depends on its area. This area is limited at 
uhf because the tube forms part of a resonant transmis­
sion line in which large changes of electric and magnetic 
field occur over distances which are small compared 
with the wavelength. Since nonuniform potentials be­
tween electrodes cause loss of efficiency, it is necessary 
to keep the electrode dimensions small compared with 
the wavelength; thus, the cathode area is limited, and 
has to be reduced as the wavelength is decreased. The 
anode voltage is limited by internal flash-arcs between 
electrodes. The electrode spacing must, however, be 
small enough to give small electron transit times, and 
must be decreased with the wavelength. The applied 
voltage must, therefore, be reduced also with the wave­
length. Lastly, the RF losses in the tube materials in­
crease as the wavelength decreases. All these factors 
added together give the well-known result that triodes 
and tetrodes get rapidly smaller as the wavelength de­
creases, and so does the power they will generate and 
the efficiency. In addition, the problem of manufacture 
becomes more and more serious, and ultimately becomes 
prohibitive. The two worst problems are caused by the 
small spacing between electrodes, of the order of 0.001 
inch, and the mechanical weakness of the fine wire grids. 

Considering now the power gain, this becomes less as 
the wavelength decreases because the tube requires 
more and more driving power to overcome the increas­
ing electron transit-time effects, losses in materials, 
grid current, and (usually) inherent negative feedback. 

In a klystron, on the other hand, some of these limita­
tions do not occur at all, and others are less significant. 
The cathode area is not limited by the wavelength be­
cause it is outside the RF field. The anode-to-cathode 
spacing being of the order of 1 inch, extremely high 
anode voltages may be applied without internal flash­
arcs; also, the cavity gap spacings may be about½ inch 
in a 5-kw tube at 1,000 me. Again, because gridless gaps 
may be used without serious loss of coupling between 
the beam and the resonant cavities, there are no prob­
lems of fabrication or heating of grid wires. Further­
more, because the collector is outside the RF field, it 
may be designed solely for the purpose of dissipating 
heat, and this becomes a minor problem in practice. The 
losses in the conductive tube materials are small because 
all the metal parts carrying RF current may be made 
of high-conductivity metal. (There is no loss comparable 
to the RF losses in a triode due to RF current flowing 
through lossy cathode material or fine resistive grid 
wires.) Therefore, the only limiting factor approached in 
klystrons giving adequate power for present commercial 
applications is the loss in the dielectrics. Some dielec­
trics are inevitable either in the form of windows in the 
cavities, as in the Eimac tube, or in the other type of 
tube with integral cavities, the window between the 
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output cavity and the load. If the power level is raised 
high enough, these dielectrics will ultimately break 
down, either by cracking due to heat or by flashing over 
the outside surface which is at atmospheric pressure; 
however, this does not occur in a well-designed tube at 
power levels that are presently interesting. 

Consid-ering the power gain of a klystron, this is 
governed almost entirely by the geometry and is limited 
only by the small RF losses in the input cavity and the 
beam loading of the cavity, which is small. The transit­
time loading experienced with a triode becomes a factor 
of minor importance, and the negative feedback disap­
pears since there is no coupling between the input and 
output cavities. 
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Fig. 2-Curve (1): Efficiency versus frequency for typical uh£ tetrode 
-4X150G. (Plate dissipation 150 watts.) 
Curve (2): Efficiency versus frequency for typical uh£ triode 
-2C39. (Plate dissipation 100 watts.) 
Curve (3): Typical efficiency or klystrons versus frequency 
(independent or output power). This is the efficiency at the 
optimum frequency for each tube. 
Curve (4) (dotted): Maximum power output of the largest 
commercially available negative-grid tube at various frequen­
cies. 
Points 0 cw power output or various klystrons (not the larg­
est possible). 

It is, therefore, apparent that the efficiency and power 
gain of a klystron will fall off relatively slowly, com­
pared with a triode or tetrode, as the wavelength is re­
duced. This is illustrated by the curves in Fig. 2. It is 
also clear that the maximum size and power output of a 
klystron are not determined by the wavelength. It fol­
lows that the klystron is ideally suited to high-power 
generation at uh£ and microwave frequencies, and out­
classes the conventional type of tube in every respect, 
including ease of manufacture. 

Turning now to a typical performance obtainable 
from a 3-cavity klystron, the results given by the Eimac 
tube may be taken as representative of this type of 
tube. This tube will generate 5 kw of RF power in the 
uhf television band with an efficiency of more than 30 
per cent when fully driven . The over-all bandwidth is 
about 5 me and the power gain, under television condi-

tions, is about 20 db. Salient features of operation are 
these: 

The tuning of each of the 3 cavities is independent of 
the others since there is no feedback present. This 
makes for very simple lining-up procedure. 

The output cavity is tuned to resonance at t he mid­
band frequency, and loaded for optimum performance 
by means of some variable couplii:ig device external to 
the tube. 

I 
I 

........... 
Fig. 3--0utput power versus driving power for klystron. 

A curve of power output against power input for this 
type of tube is a Bessel function of the first order and the 
first kind, and the first part of such a curve is very 
nearly linear. (See Fig. 3.) In television service, assuming 
that sync stretching is used in the driving stages, the 
klystron may be operated in such a way that the sync 
pulses drive the tube very nearly to the peak of the 
Bessel curve, so that the efficiency at sync pulse levels 
is neady the fully driven efficiency. 

INVUOI'[ Of MAK. ["1c;l[NCIH ,011 
VAIIIOUI DHltlll OF DCTUNINO 

,.--.... ---...... 

Fig. 4-Efficiency versus driving power, showing the effect 
or detuning the middle cavity. 

The center cavity is detuned to a frequency slightly 
higher than the midband frequency, since this gives 
greater efficiency than resonant operation, and helps to 
broaden the pass band. This cavity may be loaded ex­
ternally by resistance in some cases. This detuned opera­
tion requires greater driving power to the first cavity 
than resonant operation. (See Fig. 4.) 

The input cavity may be either detuned on the low­
frequency side of resonance or it may be tuned to 
resonance and loaded with external resistance in order 
to achieve the necessary bandwidth. 
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The relation between efficiency, power output, and 
anode voltage for a given tube is shown at Fig. 5. There 
is an optimum voltage for best efficiency because the 
voltage determines the speed of the electrons along the 
tube. Now a certain time is required for electron bunch­
ing to take place; this depends mainly on the frequency 
and determines the distance between the cavities. But 
this distance will be optimum for only one electron 
speed, and therefore only one voltage. Conversely, for a 
given voltage the relation between efficiency and fre­
quency will also show a broad peak at a given frequency, 
and this fall-off at higher and lower frequencies will limit 
the useful frequency range of a given tube, even if the 
cavities are tunable over an indefinitely wide range. 

The power input from the de power supply feeding 
the anode of the tube is constant (about 1.5 amps at 13 
kv), and independent of the drive voltage; therefore, 
the regulation of this power supply may be quite poor 
without adverse effects. Also, only simple circuits are 
necessary to reduce the hum to a low level. The filament 
may be heated by ac. 

ANODE VOLTAGE 

Fig. 5-Power output and efficiency versus anode voltage. 

The magnetic field used for focussing the beam is 
simple to arrange, and relatively low in intensity, and 
consumes only a small amount of de power in the coils. 
It must be made variable since the efficiency of the tube 
varies fairly rapidly with the field strength and reaches 
a maximum for an optimum setting of the magnetic 
field. The RF cavities, the drift tubes, and the anode 
are all in metallic contact and may be grounded. Thus, 

there is no problem of by-passing and de isolation in the 
output circuit compared to the by-passing problem 
with a triode or tetrode amplifier. The collector is 
usually insulated from the main part of the tube in order 
to facilitate monitoring of the current division between 
the collector and the drift tubes. The anode voltage sup­
ply is grounded on the positive side, and the negative 
side is connected to the cathode of the tube. 

Considering now the over-all problem of design, con­
struction, installation, and operation of a high-power 
uhf amplifier, and the difference between the problem 
with a conventional type of tube and with a klystron, 
it is evident that the klystron scores heavily in all re­
spects. The burden imposed on the transmitter de­
signer is lessened because the klystron with its cavities 
forms a complete amplifier stage in itself. Because of the 
absence of feedback in the klystron, the circuit design is 
greatly simplified, compared with the conventional am­
plifier design. Also, when using a conventional tube at 
uhf, the designer is usually faced with the very difficult 
problem of obtaining the maximum efficiency from a 
stage in which the tube is run to its limit, and only by 
very careful design can the desired performance be ob­
tained from it. With klystrons, on the other hand, the 
problem is easier because there is usually a greater 
margin of performance, both in respect to output and 
power gain. Also, the construction of a klystron stage is 
simpler than the conventional stage, and, as we have 
seen, the operation is also simpler. 

Fig. 1 shows the more or less conventional type of­
klystron construction involving integral cavities, 
namely, cavities which are an integral part of the 
vacuum system. A unique feature of the Eimac tube, 
hereinafter described, is that part of the cavities are 
external to the tube envelope so that simple mechanical 
tuning of the cavities over a wider band of frequencies 
is possible. The tube itself is also simplified. 

C. A Practical Example: Bi.mac UHF Klystron for TV 

The photograph in Fig. 6 shows the Eimac uh£ klys­
tron, an example of a 3-cavity klystron in a form suit­
able for commercial manufacture, and now in produc-

Fig. 6-The Eimac 5-kw uhf klystron for TV. 

wigfi
Stolen 2 Line Transparent
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tion. Tube-cavity parts and drift-tube sections are 
shown in Fig. 7. Fig. 8 shows the tube and external 
cavities in a test setup. 

Fig. 7-Tube cavity parts and drift tube aections. 

Fig. 8-The 5-kw klystron on test. 

A feature of interest is the use of cavities which are 
tunable by means external to the vacuum system. This 
is made possible by use of ceramic "windows" which, if 
designed and fabricated correctly, will produce only a 
minor deterioration in the over-all performance of the 
tube because of their finite dielectric loss and high 
dielectric constant. 

This means that part of each cavity is in vacuo and 
part is in air. The convenience of operating a tube of 
this type, compared with a tube in which the cavities 

are entirely in vacuo, is considerable. In the first place, 
the mechanism for varying the resonant frequency is 
simple and may involve straightforward shorting bars 
with sliding contacts with negligible losses. These 
slidable devices are outside the vacuum system, as 
shown in Fig. 8. The tuning range of such a cavity is 
large. With a totally evacuated cavity it has not yet 
been found possible to use such a means of tuning, be­
cause sliding contacts in vacuo are generally unsatis­
factory. Therefore, tuning has to be done by distortion 
of some flexible metallic membrane. Such a membrane 
introduces mechanical weaknesses into the tube struc­
ture which then has to be stiffened by an external frame. 
Also, the range of tuning is relatively small, and usually 
the tuning is done by varying the gap spacing, and 
therefore, its capacitance. This can be done only to a 
limited extent. If the gap is made too wide, the elec­
tron transit time will become an appreciable fraction 
of 1 RF cycle, causing inefficiency; on the other hand, 
if the gap is too small, the bandwidth will suffer (band­
width varies roughly as 1/c). With a ceramic window 
cavity the tuning is done by varying the inductance of 
the cavity, the capacitance across the gap is fixed, and 
the gap can be set for optimum performance over the 
frequency band. 

Another point of difference is that the mechanical 
forces required to tune a cavity by means external to 
the vacuum system are small, being determined only 
by friction, whereas with the other type of cavity the 
tuning mechanism has to withstand the forces caused by 
the operation of atmospheric pressure against the 
flexible metallic membrane. 

Fig. 9-0utput cavity with one tuning plunger removed, showing 
ceramic and output couplmg device. 

Another desirable feature obtained with the ceramic 
windows is that the loading of the cavity may be ac­
complished outside the vacuum system, either by loops 
or a waveguide-to-cavity loading device, such as a 
quarter-wave transformer made from ridge waveguide. 
(See photograph of output cavity, Fig. 9.) The coupling 
may, therefore, be varied with ease. With a totally 
evacuated cavity it is very inconvenient to build in a 
variable load coupling, and it is common practice to use 
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a fixed loop; thus the benefit of variable coupling is lost. 
Lastly, because of the relatively large frequency band 

that can be covered by a given klystron with ceramic 
windows, a smaller number of tube designs is required 
to cover a given frequency band, such as the uhf TV 
band. This simplifies the manufacturing problem and 
reduces the cost of the tube. 

Another feature of interest is the use of a tantalum 
cathode heated by electron bombardment from a tung­
sten filament of relatively small size by means of a de 
power supply (0.6 amps. at 2,000 volts) between the 
cathode and the filament. This constitutes a flexible 
system, and is much simpler to design and construct 
than a radiation-heated cathode. 

CONCLUSIONS 

The 3-cavity externally tunable klystron is excel­
lently suited to high-power generation at uhf (and also 
at higher frequencies) because 

1. it is relatively simple to manufacture, 
2. it is easy to use and adjust, 
3. the transmitter design and construction is simpli­

fied by its use, 
4. its performance as an amplifier is greatly superior 

to other tube types. 

It is likely that the future will see more and more such 
tubes in commercial service for an increasing variety of 
applications. 

Reproduced from the PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS 

VOL. 41, NO. I, JANUARY, 1953 
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866A 
866 

SAN l lUMO , CALI F ORNIA 

MERCURY 

VAPOR 

RECTIFIER 

The Eimec 866-A/866 is a half-wave merc11ry-vapor rectifier incorporating feat11res which en­
able it to withstand high peak-inverse voltages end to cond11ct et relatively low applied-voltages. The 
shielded ribbon filament, edgewise-wo11nd, provides a large emiu ion reserve and long life. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Coated 
Voltage 
Current 

T11be Voltage Drop {approx.) • 

MECHANICAL 
Base 
Basing 
Maximum Overall Dimensions: 

Length 
Diameter • 

Net Weight (Approx.) 
Shipping Weight (Average) 

MAXIMUM RATINGS (single tube ) 
PEAK INVERSE ANO DE VOLTAGE 
PEAK ANODE C URRENT 
AVERAGE ANODE CURRENT 

2,000 
2.0 
0.5 

SUPPLY FREQUENCY 150 
CONDENSED-MERCURY TEMPERATURE RANG E' 25-70 
•Operation at 40 de,;irees plus or minus S de,;irees C is recommended. 

• 2.5 volts 
• 5.0 amperes 

15 volts 

Medium 4-pin bayonet, RMA A-4-10 
s.. base connection diagram 

6.5 inches 
2.5 inches 
2 ounces 
0.5 po11nds 

5,000 10,000 MAX. VOLTS 
1.0 1.0 MAX. AMPERES 

0.25 0.25 MAX. AMPERES 
1,000 150 MAX. C. P. S. 
25-70 25-bO •c 

APPLICATION 
MECHANICAL 

MOUNTING-The 846-A/ 866 must be mounted vertically, bue down. 
COOLING-Provision should be made for adequate air circulation 

around the tube\, because cooling Is accomplished by convection, The 
temptr•ture of t • condensed-mercury in the 866-A/866 should be kept 
within the rangH c;iiven under "MAXIMUM RATINGS" . This temperature 
should be maintained at ~ dt,;ir••• plus or minus 5 degrees C for most 
satisf•ctory oper•tion of the tube, To me•sure th• conden1•d•mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb In the area dHignated on the outline drawln,;i, usln9 a very 
small amount of putty. A condensed-mercury temperature lower than 
the recommended value raisH the voltage at which the tube becomH 
conductin9 and tends to reduce the life of the filament. A temperature 
higher than recommended lowers the volt19e at which the tube becomes 
conductin,;i and tends to increase the life of the filament, but reduces 
the peak Inverse voltac;i• rating of the tube. When it is necessary to 
use • shield around the 866-A / 8&& care must be taken to insure ade­
quate ventilation and maintenance of normal condensed-mercury tem­
perature. 

ELECTRICAL 
FILAMENT VOLTAGE-For maximum tube life, the filament volt19e as 

measured directly at the lil•ment pins, should be held at the roted 
value of 2.5 volts. Unavoidable veriatlons In filament voltege must be 
kept within the range o f 2.38 to 2.63 volts. A filament volt•11• less than 
the minimum recommended value may cause a hlc;ih tube voltac;ie drop, 
with consequent bombardment of the filament and eventual loss of 
emission. A filament voltage higher than the recommended mulmulJI 
value will also decrease the Ille of the filament. 

CAUTION SHOULD BE OBSERVED IN MEASU RING THE FILAMENT 
VOLTAGE, AS THE FILAMENT CIRCUIT MAY BE AT A HIGH D-C 
POTENTIAL. 

The plate-circuit return of each tube should preferably be connected 
to the center lap of the transformer winding supplying the filament 
voltage; if this cannot be done, the return should be connected to that 
side of the fil•ment to whkh the cathode shields •re connected ( pin 
No. 4) . When the fll•ments of two or more tubu are connected In 
p•r•lltl, the filament terminals lo which the cathode shields are con­
nected should be joined. These precaution, are recommended to Insure 
~i~~f:i~~ 1tartin9 voltage for Heh tube when several are used In a given 

The fil•ment of the 866-A /8" should be allowed lo reach operating 
temperature before the plate volta9e i1 applied. Under normal condi• 
!Ions, a delay of approdmately JO seconds will be required. The delay 
lime should be increased ii there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament 1hould be kept at 
its r•led volllge durinc;i "standby" periods to avoid delay d ue to 
warm-up. It is desirable to use a protective relay In the plate circuit 
lo prevent the application of plate voltage before the filament has 
reached operating temperature . Thia relay should have a t ime delay 
adjustable up to • mHimum of one minute. 

(Ellective 12-1,◄6) Copyright 1~◄6 by Eit;I-McCullough, Inc, 

When an 866-A / 866 i, first Installed, the filament should be oper­
ated at normal voltage for appro•imately ten minutes wit h no plate 
voltage applied, In order that the mercury may be properly dillribuled, 
It will not be necessary to repeat this procedure unless the mercury Is 
spattered on the filament and plate durin9 sub1equent handling . 

SHIELDING-Electromagnetic and electrostatic fields tend lo cause the 
mercury vapor to break down, are detrimental to tube life and mike 

r::i~r:d ~1::1~~ch dl/~~~
11

~s ;~~:·:,·:::it. 't:ns~i:/~ oth~~u~fmn~~ 
equipment. When the tubes are located in the region of such field, , 
shielding with adequate ventilation should be used around the tubes. 
R-f filtering should also be employed when the tubes are 1ffected by 
, . f voltages. 

FILTERING-The nomoc;iraph for circuits I and 3, and tables for circuits 
2, 4 and 5 give empirical velues of Inductance and capecitance for • 
single-sedlon choke-input filter which will keep the peak plate current 
below the maximum rated value, provided the average d•c load cur• 
rent does not nceed the muimum load current Indicat ed. The volues 
of L and C are based on a power-supply frequency of 60 cycles. 

The value of the capacitor Is made small enouc;ih to prevent H tess• 
ive surgH when power is first applied to the circuit. II the available In• 
ductance is larger than the minimum allowable value, the capacll•nce 
may be Increased proportionately over Its nomograph or table mulmum. 
In a t wo-section filter with two unequal inductances, the Input induct• 
1nces should be the larc;ier. The mulmum value of Heh capacitor In 
such a filter Is based upon the value of the preceding Inductance. 

In the single phase circuits {I and 3) , II the current drawn by the 
101d ii reduced or varies undo, operating condition, lo values less 
than approximately 70% of the lndicoted mulmum d-c lood cu,,.nt , • 
swinging (input) choke will supply the necessary additional Inductance 
to prevent the voltage from rising , and will afford proper filtering 
over • much Qrtat,, current r1n91. 

Arranc;iements such as those shown In Circuits I, 2 and 3 produce 
leu then So/0 rlpple voltage when • two-section filte r with minimum in­
duct•nce end corre,pondlng maximum ••pacltance Is employed. Circuit, 
such u those shown In circuits 4 and 5 will P.roduce IHs then 1% ripple 
volt1;e. Better filtering m1y be obtained with any of th••• circuits by 
using larger values of inductance than the minimum Indicated. Still 
greoter improvement may be had by then proportionate ly lncreulnQ 
the corrHpondlng capacitor values. 

When "condenser input" filter is used, the pHk current will be rela• 
lively hic;ih in re1pect to the usab le load current, ond the voltage ecross 
lht Cf pacitor may be H high as 1.4 t imH the nominal RMS voltage of 
the l(ansformer. 

For parallel ope ration of 86'-A / W rectifiers, suitable re1lslors or 
small inductors may be used In 11rie1 with each plate lead to permit 
equ•I loading •nd •l•rfinc;i characlerillics. The Inductors aid in reduc• 
Ing the pHk current, •nd are more desirable dua to their low d•c , .. 
sistance. An approximat e value for suitable rH iltors Is 50 ohms, end 
for inductors, approximately one-third henry each. 
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AC VOLT S 
IIMS 

DC VOLTS 
TO FILTER 

.. 
a 
C .. 

I 

NUMBER 

© 
(i) 

@ 

@ 

@ 

L 

:, 'ff' I • 
DC V. TO FILTER I C .5A MAX. 

> • 
C 

-4'-4_.. .,· (/" 

"• '-. PIVOT POINT "'-- ----- . ----- -- -' ----- ' 
·"· 

A - l TUIU 

1 - 4 TUHI 

~ ·", 
C' ULL WAVE) CIRCUI T NO. (j) ' 
( IRIOH ) CIRCUIT NO. @ " 

1000 

2000 

3000 

4 000 

500 0 

·"· 8000 

NOMOIRAPH FOR DETERM ININO MAXIMUM ALLOWAIILE C, AND MINIMUM ALLOWAIILE L, FOR CHOKE INPUT 
SECT ION TO LIMIT START ING CURRENT IN 8HA/ IIH SINGLE PHASE CIRCUITS . 

♦ HO 
)._ 

r THR[[ PHASE 

CIRCUIT E AVERAGE E INVERS E 
1 ~',"'u'ti..t : WAY[~ 10 ... l '""'I"'"' :, 14 l .t,v[ltAGC 

t: TUI U o• !or,. .. s 
TH'lEf. • 'HAS[ 0 et? ( MAXIMUM tOHavtU Gt 

HAL, • WAVE 1. 170 lt1tllllS 

1··,u~t.= .. ?~~i~ o •i• r.1111,x1111u111 1 &? C: AV[IUG[ 
o toot""' 

THIii[[ • ,HASE 1 e& ( IUXIMUM t 0 4 S l AVE.RAG[ 
,ut..l•WAV( t :S4 [f1M A 

TH"1[[ • ,HAS[ 0 ,8 27 r: MAXIMUllll t 09 t AVUIA8[ 0,2.l!_•LC;, 't I . ITO[ IIIIMS 

CONDITIONS A SSUME D 

I 

i. 

IAVERAGF 

0 ISS I MAX t llllUM 

0 tl7 ..... u,u.. 

0 eSI I M,A.XIMUII 

o.tas 1.,,.11110 1111 

I.ti l 1ritAXIMUM 

MAX. 
A-C D-C 

INPUT OUTPUT CIRCUIT VOLTS•• VOLTS 
( IMS) TO 

FILTH 

THIH-PHASE ~ -, 47'0 
HALF-WAVE JOOO JSIO 
CIRCUIT 2 2000 2MO 

1500 17'50 

THIH•PHASI ... -:0"' '510 
FULL.WAVE JOOO 7020 
CIRCUIT 4 2000 46IO 

1500 JSIO 

THIU-PHASE 
... , ,., - 47'0 

DOUILE-Y JOOO JSIO 
PARALLEL 2000 2MO 
CIRCUIT 5 1500 17'50 

SIM&LE PHASE 
.,., tvl,e 

JSl5 :mo 
FULL-WAVE JOOO JHO 
~ ,.a..,1 2000 mo 

Cl CUIT 1• 1500 1700 

• With conden1er input to filter . 

CHOICE IMl'UT 
ONE.SECTION FILTH 

MIN. MAX. 
CHOU COM-

(L) DEMSH 

henrys <<;J 

u 1.4 
2.2 2.0 
1.4 J.O 
I. I 4.0 

I.I u 
1.4 0.7 o., 1.2 
0.7 u 
2.0 0.5 
1.5 0.7 
I.O I.I 
0.7 1.5 

MAX. 
D-C 

LOAD 
CUUEMT 
•mperet 

0.15 
0.15 
0.75 
0.15 

0.15 
0.75 
0.75 
0.15 

1.5 
u 
1.5 
1.5 

0.2!i 
0.2!i 
0.2!i 
0.2!i 

.. Fo, use under the condition, of the IOOOO•Yolt peek inverse r•tin9, If the 
M•A /864 is to be ,aed under fre<\uency •nd/or temper•ture conditions 
such tt,•t the peak in..,erse volta9e 11 limited to 50)0 volh, the a-c. input 
volt•o• ar,d d ,c output volte9e values in the tabte 1hould be multiplied 
by • fector of 0.S to oive ne·w values for the SOOO-volt conditions. 

BOTTOM VIEW 
OF SOCKET CONNECTIONS 

N~ 

~ CATH. 
F F SHIELD 

PIN I • FILAMENT 
PIN 2 • NO CONNECTION 
P11 :,- NO CONNECTION 
PIN 4 · FILAMENT 
CAP - PLATE 

• • GAS-TYPE TUBE 

Ill SIN[ WAVE SU,,LY 1219ALANCfO ,Hast VOLUG[S Ill UNO TUI[ OIIOP 
TI/BE NQUNJING PQSIDQN 

VERTICAL - BASE DOWN 
ONLY 

(4) ,tHIC lltSISTAHCt LOAO CS) NO ,1LTUt 4.ISEO 
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872A 
872 

CA L I FORNIA 

MERCURY 
VAPOR 

RECTIFIER 

The Eimac 872-A/ 872 is a half-wave mercury-vapor rectifier incorporating features which en­
eble it to withstand high peak-inverse voltages and to conduct et relatively low applied-voltages. The 
shielded ribbon filament, edgewise-wound, provides a large emission reserve and long life. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Coated 
Voltage 
Current 

Tube Voltage Drop (approx.) 

MECHANICAL 
Base 
Basing 
Maximum Overall Dimensions: 

Length 
Diameter -

Net Weight (Approx.) 
Shipping Weight (Average) 

MAXIMUM RATINGS (single tube) 
PEAK INVERSE ANODE VOLTAGE' 
PEAK ANODE CURRENT 
AVERAGE ANODE CURRENT 
SUPPLY FREQUENCY 
CONDENSED-MERCURY TEMPERATURE RANGE' • 

• 5.0 volts 
• 7.5 amperes 

10 volts 

Jumbo 4-pin, RMA type A4-29 
s .. bue connection diagram 

10,000 
5 

1.25 
150 

20-60 

8.5 inches 
2.31 inches 
8 ounces 
1.5 pounds 

MAX. VOLTS 
MAX. AMPERES 
MAX. AMPERES 

MAX. C. P. S. 
•c 

t Temperatures in exceu of 60° C limit the pea k•inverse ratin9 to S,000 volts with o corre1pondino reduction in 
permissible RMS supply volte9 es to one-hall those listed in the table. 

1 Operotion ot ◄0° plus or minus S° C is recommended. 

APPLICATION 
MECHANICAL 

MOUNTING-The an-A / Bn must be mounted vertically, base down. 
COOLING-Provision should be made for adequate a ir circulation 

uound the tube!, because coolin9 Is accompli1h1d by convection. The 
temperature of t • cond1n11d-m1rcury In the 872-A / In should be kept 
within the ranges given under " MAXIMUM RATINGS". Thi, temperature 
should be maintained at 40 de9rees plus or minus S degrees C for most 
1ati1factory operotlon of the tube. To measure the condensed-mercury 
temperature a thermocouple or small thermometer may be attached to 
th• bulb in the 4Nl4 desi9nat1d on the outline drawln9, using a very 
small amount of putty. A condensad~mercury temp1r1tur• lower than 
the recommended value raises the voltage et which the tube becomes 
conductln9 and tends to reduce the life of the filament. A temperature 
hi9h1r than recommended lowers the volta9e at which the tube becomes 
conductln9 and tends to lncrHH the Ille of the filament, but reduces 
the peak lnverse voltage ralln9 of the tube. When It Is necessary to 
use • shield around the an-A 1an, care must be taken to Insure ad•· 
quate ventilation and maintenance of normal condenHd•mercury tem• 
perature. 

ELECTRICAL 
FILAMENT VOLTAGE-For maximum tube Ille, the fllament volta91 as 

measured directly at the filament p ins, should be held at the rated 
value of 5.0 volts, Unavoidable variations In filament volta9e must be 
kept within the ran91 of 4.75 to 5.25 volt,. A filament voltage less than 
the minimum recommended value may cau,e a high tube voltage drop 
with consequent bombardment of the filament and eventual 1011 of 
emission. A filament volta9e hi9her than the recommended maximum 
value will also decrease the life of the filament. 

CAUTION SHOULD BE OBSERVED IN MEASURING THE FILAMENT 
VOLTAGE. AS THE FILAMENT CIRCUIT MAY aE AT A HIGH D-C 
POTENTIAL. 

The plate-circuit return of Heh tube should preferably be connected 
lo the center tap of the transformer wlndinQ supplyln9 the fllament 
volta9e; If this cannot be done, the return should be connected to that 
side of the fllament to which the cathode shlelds are connected J pin 
No. 2). When the filaments of two or more tubes are connect• In 
parallel, the f ilament terminal, to which the cathode shields are con• 
nected should be joined. These precautions are recommended to Insure ~t~!{t' rtartin9 voltage for eac.h tube when several are used in a given 

The filament of the an-A /en should be allowed to reach operatln9 
temperature before the plate volta91 ls applied. Under normal condi­
tions, a delay of approximately 30 seconds will be required. The delay 
time should be Increased If th••• Is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be hpt at 
its rated voltage durin9 "standby" periods to avoid delay due to 
warm-up. It Is desirable to use • protective relay In the olate circuit 
to prevent the application .of plate voltage before the filament has 
reached op1ratln9 temperature. This relay should have a time delay 
adjustable up to • ma.Jmum of on1 minute. 

(Ellective 12-1"44) Copyri9ht 1 9◄6 by Eitel -McCullou9h, Inc. 

When an an-A / tn Is Orst Installed, the fllement should be oper­
ated at normal voltage for epproxlmetely ten minutes with no plate 
volta91 applied, In order that the mercury may be properly distributed. 
It will not be necessary to repeat this procedure unless the mercury ls 
spattered on the filament and plate durln9 subsequent handlln9. 

SHIELDING-Electromagnetic and electrostatlc flelds t end to cauH the 
mercury vapor to break down, ere detrimental to tube 111• and make 

r,
roper filterln9 d ifficult. Consequently, the en-A/ In should be 

solated from such fields as H ist around a transmitter or other slmllar 
equipment. When the tubes are located In the region of such fie lds, 
shleldlng with adequate ventlletlon should be used around the tubes. 
R•f filtering should also be employed when the tubes are affected by 
r-f volta9es. 

FILTERING-A "choke Input" fllter will allow the 9reatest usable d,c 
output current lo the load. When using • section of filter betwH n rec, 
tifier and load, to prevent 11cHdin9 the maximum peek curr.nt of 5 
amperes a suitable maximum value for the first capacitor should be 
determined. Determination of this capacitance should be made under 
condition, slmulatlng those to be used In 11rvlc1. 

The r1latlon1hlp of voltage Input, Inductance, and capacitance Is 
one In which • higher operating volta91 Nlqulres 9r .. ter Input Induct• 
ance, and less following capacitance to k11p the p .. k STARTING 
current from Hceedln9 5 ampere,. This ls for the usual ceH where the 
supply Is controlled by en on-off switch. 

Where the rectifier plate voltage h atarted by • control which gre· 
dually raises the volta9e from Hro or a smell amount to the desired 
operating value, starting current need not ordlnerlly be considered, 
and th• characteristics of th• filter may be based on preventlnQ H· 
ceulve peak current under normal operatln9 conditions. 

In the sin9l1 phase circuits (I and l) , If the current drawn by the 
load Is reduced or varies under operating conditions to values less 
than approximately 70% of the Indicated maximum d-c load current, • 
swingln9 (input) choke will supr,ly the necessary eddltlonal Inductance 
to prevent the voltage from r sln9, end wlll afford proper fll terln9 
over • much 9r1at1r current ranQI. 

Where a lar91~ value of Inductance 11 deslrable to obtain eddltlonal 
Olterlng, the subsequent capacitance may be proportionately lncrea11d 
to aid In still further filterln9 without 11c11slve peak starting end oper• 
atin9 current. Still lower rlpple may of course be obtained by added 
11ctions of filter. 

When "conden11r Input" filter h used, the peek current wlll be rel•• 
lively high In respect to th• usable load current, and the volt•11• across 
the capacitor may be as hl9h as 1.4 times the nominal RMS voltage of 
the transformer. 

For parallel operation of In-A / In rectifier,, suitable resistors or 
small Inductors may be used In series with Heh plate 1 .. d to permit 
equal loading and ,tarting charoct1rlstlc1. The Inductors aid In reduc­
ing the peak current, and are more desirable due to their low d-c r•• 
slstance. An approximate value for suitable resiston Is SO ohms, end 
for Inductors, approximately one-third henry each. 
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"' .., > 
C .., 

.•••· 

872A/872---------------

NO------~,--

,--------->------.. ~ 
( THREE PHASE "\ ~ 

T 

~---o--------•---o I N THREE PHASE DOUBLE y _N __ _ 

L_~ ¢f ¢f ¢f ¢f ~ 
IT' @ 

NUMBER CIRCUIT E AVERAGE E INVERSE IAVERAGE 

CD 
!SINGLE • PHA:,~ 0 .318 E MAXIMUM 3. 14 EAVERAGE 0.636 IMAXIMUM FULL • WAVE 0 .450ERMS 2 TUBES 

® THREE · PHASE 0 .827 EMAXIMUM 2.09 E AVERAGE 0 .827 !MAXIMUM 
HALF • WAVE 1.170 E RMS 

- --EAv.----1 

+ 

@ l:IIN<iLt: . l'N, .. , .. 0 .636 EMAXIMUM l , 57 EAVERAGE 0.636 'MAXIMUM FULL· WAVE 
4 TUB~S 0 .900ERMS 

@ THREE - PHASE 1.65 E MAXIMUM 1.o45 E AVERAGE 0 . 955 I MAXIMUM 
FULL- WAVE 2 .34 ERMS 

@ THREE - PHASE 0.127 EMAXIMUM 2 .o9 E AVERAGE I. 91 IMAXIMUM 
Oo<?,'!~~E ;,r l . 170ERMS 

CONDI T I ONS AS SU MEO 
SIN E WAVE sur,LY, I A.LANCED ,HASE VOLTA5ES, ZEltO TUIE 0110,, 

,ultE ltESISTANCE LOAD. NO FILTH USED. 

Cl# 
.550" • .57 .. 01A. 

TII IUUt-- -1 

lONE ----­Tl:WOIATUII[ SH0IA.O 
I[ IIIU9Ull£0 

I , ... 
I 

f 

1f 1Wt 

-41'1N--TVl'(A4-n 

· ~ TUlt ,Tirl PQIIJIQN .H~~7•--· · · Y£JITICAL; DOWN ONLY. 

.971 

CIRCUIT 
INPUT VOLTS' APPROX. D-C MAXIMUM D,C 

MAXIMUM A-C OUTPUT VOLTS OUTPUT CURRENT 
(RMS} TO FILTER AMPERES 

3535 
per tut.. 3180 2.5 

..080 
per le9 4780 3.7S 

7070 
tot al 6360 2.5 

4090 
per l•CJ 9570 3.75 

4090 
per l•CJ 4780 7.5 

1 Max. peak inverse voltage of 10,000 volts. 

p 

F ~ NC CATH. 
BOTTOM VIEW OF SHIELD • 

SOCKET CONNECTIONS 
I 

NC F 
PIN 1- NO CONNECTION 
PIN 2- FILAMENT, CATHODE SHIELD 
PIN 3 - NO CONNECTION 
PIN 4 - FILAMENT 
CAP · PLATE 
• - GAS TYPE TUBE 

264-64347 
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VACUUM 
CAPACITORS 

VCS0-32 VCS0-20 

MO , C ALIFORNIA VC25-32 VC25-20 

VC12-32 VC12-20 

VC6 - 32 VC6 - 20 

Eirnac vecuurn capacitors ere srnall, vecuurn-dielectric units intended principally for use as all or 
part of the plate tank c1p1citance in radio-frequency arnplifiers or oscillators. They are also frequently 
used u high-voltage coupling and by-pass capacitors at high frequencies and as high-voltage neu• 
tralizing capacitors, when used in conjunction with srnall high-voltage variable capacitors having a 
srnall capacitance range. The use of a vacuurn as a dielectric perrnits the construction of a corn­
paratively srnall, lightweight capacitor for a given voltage rating and capacitance. In addition, the 
effects of dust and atrnospheric conditions on the capacitor are elirninated by sealing the plates 
within a glass envelope. 

These capacitors are rnanufactured in two rnuirnurn pHk voltage ratings, 32,000 and 20,000 volts, 
and in capacitances of 6, 12, 25 and 50 uufd. All types have a rnuirnurn current rating of 28 
amperes. Each of the capacitors may be operated at its full muimum voltage rating at any frequency 
below that at which the rms currant through the capacitor is 28 amperes. Above this frequency, the 
,.f voltage across the capacitor must be reduced as the frequency increases, to prevent the current 
from ucHding the rnuimum rating. The graphs below show the rnuirnurn pHk r-f voltage which 
rnay be applied to Hch type of capacitor at frequencies betwHn I 00 kilocycles and 50 megacycles. 
Curves are also shown which indicate the rms current flowing through the capacitor under rnaximum 
r-f voltage conditions at any frequency betwun I 00 kilocycles and SO megacycles. Where both r-f 
and d-c voltages are applied to the capacitor, the surn of the pHk r-f and d-c voltages must not 
excud the peak voltage rating of the capacitor. 

Eirnac vacuurn capacitors are provided with terrninals which allow the use of standard bO-ampere 
fuse dips for mounting. These clips must be kept dean and must at all times make firm and positive 
contact with the capacitor terrninals. Failure to rnaintain a low-resistance contact to the capacitor 
terminals may result in excessive hHting and permanent damage to the capacitor seals. 

VC50-32 
Capacitance• 
Mn. Puk Voltage 
Mu. RMS Current 

50 µ.µ.fd. 
32,000 volts 
. 28 arnps, 

4 0 

3 ., 
0 ~2 

> 
0 ., 
x I 
.; .. 
◄ ,_ ., ~i·- ·L. 

VC50-20 
5 0 

> 

" 
,,.; :.,~ 

1 7 
EIMAC VC50· '32 a VC50·20 -... ~-;-

1-----1-----l'- ~ +-1-1-----l MAX. PEAK VOLTAGE a 1-+--+-~--1 
Capacitance• 
Max. Puk Voltage 
Mu. RMS Current 

. 50 µ.µ. fd. 
20,000 volts 
, 28 amps. 

C .., 
Q. ~ t'; ..... ~ .. ,... MAX. RMS CURRENT ,__ ____ _, 

,~.,, ~ vs 
., r FREQUENCY 

I 
OJ 

.-,, / /; I I I I I I I I .,,,_ __ .c..._,,_.._.___.__c~5r--'_..--'-"-+, ___ __._ _ _,, _ _.__.,..•.1....;L...L..1.-br-K>---'---'---'--,1,,A'' 

VC25-32 
Capacitance• 
Max. P .. k Voltage 
Mu, RMS Current 

VC25-20 
Capacitance• 
Max. P .. k Voltage 
Max. RMS Current 

25 µ.µ.fd. 
32,000 volts 
. 28 amps. 

. 25 µ.µ.fd. 
20,000 volts 
. 28 arnp1. 

40 

30 

., 
i 

20 

~ 10 
i< 
.; .. 
◄ ,_ 
~ 

5 

" ◄ 
~ 

0.1 

( Effective 6-15-52) Copyri9hl, 1952 by Eitel-McCullou9h, Inc. 

FREQUENCY, MEGACYCI.ES 

--
T T T TT 

• FREQUENCY, MEGACYCLES 

., 
::I 

" 
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I NC . 
CALI F ORN IA 

Eimac vacuum capacitors are small, vacuum-dielectric units intended principally for UH as all or 
part of the plate tank capacitance in radio-frequency amplifiers or oscillators. They are also frequently 
uHd as high-voltage coupling and by-peu capacitors at high frequencies and a1 high-voltage neu­
traliiing capacitors, when uHd in conjunction with small high-voltage variable capacitors having a 
small c:apac:itanc:e range. The UH of a vacuum H a dielectric: permih the construction of a com­
paratively small, lightweight capacitor for • g iven voltage rating and capacitance. In addition, the 
effech of dust and atmospheric conditions on the capacitor are eliminated by sealing the plates 
within a glau envelope. 

ThHe capacitors are manufactured in two maximum peak vcSlt.g• ratings, 32,000 and 20,000 volts, 
and in c:apacitanc:H of b, 12, 25 and 50 uufd. All types hoe a maximum current rating of 28 
amperes. Each of the capacitors may be operated at its full maximum voltage rating at any frequency 
below that at which the rms current through the capacitor is 28 amperes. Above this frequency, the 
r-f voltage acrou the capacitor must be reduced es the frequency increaHS, to prevent the current 
from exc:Hding the maximum rating. The graphs below show the maximum peak r-f voltage which 
may be applied to uch type of capacitor et frequencies between 100 kilocycles and 50 megacycles. 
Curves are also shown which indicate the rms current flowing through the capacitor under maximum 
r-f voltage conditions at any frequency betwHn 100 kilocycles and 50 megacycles. Where both r-f 
and d -c voltage• are applied to the capacitor, the sum of the peek r-f and d-c voltages must not 
excHd the puk voltage rating of the capacitor. 

Eimac: vacuum capacitors are provided with terminals which allow the UH of standard 110-ampere 
fuH clips for mounting. TheH clips must be kept clean and must at all times make firm and positive 
contact with the capacitor terminals. Failure to maintain a low-resiltanc:a contact to the capacitor 
terminals may result in exc:euive heating and permanent damage to the capacitor 1eal1. 

VC50-32 
Capac:itanc:e• 
Max. Peak Voltage 
M ... RMS Current 

• 50 µ.µ.fd. 
32,000 volts 
• 28 amps. 

0 

0 

I 

5 

' I I I I 11 
YC 50 • 32 MAXHolUM PEAK - TAGE 

yr~ -•o IM,.t .. JMI P AK y n, TAG( i., ' 

/.,,, 
.,,, ,, 

,/; 
~/ 

.. • 
+";, · 

'7,~~ 

.... 

VACUUM 
CAPACITORS 
VC50-32 VC50-20 

VC25 -32 VC25 -20 

VC12-32 VC12-20 

VC6 - 32 VC6 - 20 

I 
I I 

5~ r .. M n,U0,:10.J!.A!!:,.'!§. w ~ 
40 

30 

~ 

~~I 
2 

~--{1c 
"" j,,~ I 

""'~& ... -~-
VC50-20 g .7 

EIMAC VC50·32 a VC50· 20 ...... i... 

~,-- ~ 
Capacitance• 
Max. Peak Voltage 
Max. RMS Current 

VC25-32 
Capacitance• 
Mu. Peak Voltage 
Mu. RMS Current 

VC25-20 
Capacitance• 
M ... Puk Voltage 
M ... RMS Current 

50 µ.µ. fd. 
20,000 volts 
. 28 amps. 

. 25 µ.µ. fd. 
32,000 volh 
. 28 amps. 

. 25 µ.µ.fd. 
20,000 volts 
• 28 amps. 

I 
OJ 

40 

30 

I 
0.1 

(Effective 6-15-52) Copyri9ht , 1952 by Eitel-Mc:Cullou9h, Inc. 

t-'.l 
' ~ -~ t 

1,,,/ ~ 
_,,/ .,,. I, 

(~ 

= -·· 
...•. _.,. ... 

~1 

vfJ .. I.,.,, 
,., 

MAX.PEAK VOLTAGES 
MAX. RMS CURRENT 

vs 
FREQUENCY 

I I I , ITT 
I 5 10 
FREQUENCY, MEGACYCLES 

I .... 
~?:f~~ ,=Y•rr ,· 

~.,, v ~ .. ~· ~ -~., !:it .. --~ -· 
~ ~ 

~ 

...... 

Kl 

m la-c 

40 

30 

· .. - --.... -~~~ .... 
~',6---~ ~IMAC VC25·32 a VC25· 20 - -ffi ~., ... .,,, MAX PEAK VOLTAGE a - -

1' .j,' MAX. RMS CURRENT 'l:i 

tfl vs -..... 
FREQUENCY 

I I I I 1 1 I I 
I • 10 ~ 

FREQUENCY, MEGACYCLES 
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EI TE INC. 

VARIABLE 
VACUUM 

CAPACITORS 

TYPES VVC 60-20 VVC2-60-20 VVC4-60-20 

GENERAL 
Eimac variable vacuum capacitors are intended 

principally for use as plate tank capacitors in radio 
frequency amplifiers and oscillators. The use of 
vacuum for the dielectric permits close spacing of 
the electrodes giving concentrated capacitance at 
high voltage. The variable vacuum capacitors are 
compact, lightweight, and eliminate the effects of 
dust and atmospheric conditions. 

The basic capacitor unit (VVC60-20) has an 
RF peak voltage rating of 20,000 volts and a maxi­
mum current rating of 40 amperes RMS. Ganged 
multiple unit capacitors are available using two 
units ( VVC2-60-20) or four units I VVC4-60-20 I. 
These multiple unit capacitors include a single 
mounting plate, gear train, and single tuning shaft. 
One end of each unit capacitor mounts on the 
common plate and one end is free. Thus the multi­
ple capacitor may be connected with the units in 
parallel, as two series capacitors for "split-stator" 
work, or as multiple capacitors with one terminal 
common. 

The capacitors may be operated at a maximum 
voltage rating at any frequency provided the cur­
rent rating is not exceeded. Above a particular 
frequency the maximum current rating becomes 
the limitation and voltage values less than the 
maximum must be used. Curves are given for each 
capacitor showing maximum allowable current 
( RMS I vs. frequency. 

The capacitance variation is linear with respect 
to shaft rotation with the complete range being 
covered in seventeen revolutions of the shaft. Ref­
erence should be made to the tuning curve for each 
capacitor. A return to previously-indexed settings 
is positive. The variable vacuum capacitors have a 
low temperature coefficient resulting in a negli­
gible change in capacitance due to variation in 
temperature. The actual coefficient values are 
given for each capacitor combination. 

MOUNTING 

The VVC60-20 is provided with a mounting 
plate on one end, which also serves as an electrical 

Effeclln l-1-ff Copyrl11ht 1kt by Eltel-McCullou9h, Inc. 

connection. If the circuit is such that one side of 
the capacitor is grounded, the mounting plate can 
be fastened directly to the panel or chassis. Four 
eyelets to accommodate No. 8-32 machine screws 
are provided on the mounting plate. If a single or 
multiple unit is to be ungrounded the mounting 
should be on insulators and the tuning shaft broken 
with an insulating coupling and the dial portion of 
the shaft grounded. 

The other end of the capacitor is provided with 
a large terminal that permits the use of a simple 
clamp or collet connector. This connector should 
be mounted flexibly to prevent undue mechanical 
strain being put on the capacitor seals. The con­
nector must be kept clean and must at all times 
make a firm and positive contact with the capaci­
tor terminal. Failure to maintain a low resistance 
contact to the capacitor terminal may result in 
excessive heating and permanent damage to the 
capacitor seals. 

The multiple unit capacitor is designed so that 
it may be mounted readily on the chassis or from a 
panel. The mounting plate serves as one electrical 
connection and can be mounted directly at ground 
potential or insulated above ground. 

The capacitors require normal circulation of air 
to keep the metal-to-glass seals below the maxi­
mum permissible temperature when carrying large 
values of current. In cases where the air flow is 
restricted or the ambient temperature is above 
room temperature a measurement of the seal tem­
perature should be made. Adequate cooling must 
be provided to keep the metal of the metal-to­
glass seals below I so• centigrade. 

The low-torque tuning mechanism provides easy 
hand-operation of a dial directly on the shaft of 
either the single or multiple-unit capacitors. The 
capacity of type VVC vacuum condensers may be 
controlled by an electric tuning motor providing a 
minimum of two inch-pounds of torque per unit. 
The use of positive-action limit switches or a slip­
coupling is recommended to avoid forcing the 
mechanism when it reaches the limit of its travel 
in either direction. 
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EI TE INC. 

The WC60-20 is a single unit variable vacuum capacitor. 

CHARACTERISTICS 
ELECTRICAL 

Capacitance 
Maximum ................................................... . 
Minimum ................................................... . 

Number of revolutions (See Curve) ................... . 
Maximum Peak R.F. Voltage ............................. . 
Maximum Current (RMS) ................................. . 

(See derating curve vs frequency) 
Temperature Coefficient ..................................... . 

60 mmfd 
10 mmfd 
17 tu rns 
20 kilovolts 
40 amperes 

+.004 mmfdl°C 

MECHANICAL 
Mount ing ........................................................ See Outline Drawing 
Cooling ............................................................ Air Convection 
Maximum Seal Temperature............................ 150°C. 
Maxi mum Overall Dimensions 

Length ................................................... . 5- l 1 / 16" 
3- 1 / 16" 

l lb. 6 oz. 
2 lb . 

Diameter ................................................. . 
Net Weight ................................................... . 
Shipping Weight (average) ........................... . 

MAKE ELECTRICAL 
CONNECTIONS 
HERE 

00 NOT MAKE 
ELECTRICAL 
CONNECTION HERE 

/ 
it DIA. 4 HOLES FOR 

MOUNTING WITH 
•&·32 SCREWS 

. 
I~ 
~ EIMAC YVC>O,le T11mu of O,l.,.dw,ft 

n . 

I 
C• .clt• M • 

.. 
"' " "' ... 
JI 
C 

' 

. ,, 

1-50 • "' a:40 

" a 
.,so 
JI 

" 

T 

. ' -·-

EI MAC VVC-60-20 
MAXIMUM CURRENT RATING 

vs 
FREQUENCY 

1 I I I I 
I MAX. PEAK VOLTAGE 20KV) 

.............. ---

10 IS 20 SO 40 SO 
'"EOUENCY • MEGACYCL F3 
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The VVC2-60-20 is a dual unit variable vacuum capacitor consisting of two 
VVC60-20 units in a convenie nt gang mounting. 

CHARACTERISTICS 
ELECTRICAL 

Parallel Split Stator 
Capacitance 

Maximum ............................. 120 
Minimum ................................ 20 

Number of revolu tions (See Curves) 17 
Maximum Peak R.F. Voltage.......... 20 
Maxi mum Current (RMS) ............ 80 

( See de rating vs frequency) 
Temperature Coeffic ient ................ + .008 

MECHANICAL 
Mounting ..................................... . 
Cooling ......................................... . 
Maximum Seal Temperature ......... . 
Maximum Overall Dimensions 

Depth ................................... . 
Height ................................. . 
Widt h ................................... . 

Net Weight ................................... . 
Shipping Weight (approx.) ........... . 

63" 
64 ~r 

I 

I 
9 • 3• 

5 32 432 

9• 

L 
,· I 632 ~ I 

I 
I --,- ,if ,( 

I 
f 

' , . . ~ .. i .. ~ I 
,2t . 2½ , i' 

4 
I 

I ,j{ ·~ 
3! +-· ~ 2a 
I ,if _ _J_ 

~- 1· ,. 
7a 4 4 

\_ i.:. ~- Q!A. 

30 mmfd 
5 mmfd 

17 turns 
40 kilovolts 
40 amperes 

+.002 mmfdl°C 

See Outline Drawing 
Air Convect ion 
150° C 

6-9/ 32" 
3-1 I 8" 
8-1 I 8" 
4 lbs. 
8 lbs. 
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"' .. r • C 

... • "' .. .. 
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T 10 la ZO 10 40 10 
,11r outNCY • llluc:YCLH 

I I I I I I I I 
!/ 

.. 
EIMAC VVCU0-20 
Turns of Drlvesh•ft 

YI, 

C• p•cll•nc• 

/ 
/ 

~ 

/ 
/ 

~ 

, 

MOUNTING HOLES 0 I I I 4 I e f I I. M ■ II M. ■ " ,,... .. ........ , ....... 
Etfectl•• 3- 1-49 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

VVC4-60-20 
VARIABLE 

VACUUM 

CAPACITOR 

.. 
111110 
IC 
111140 .. 
:11120 
C 

'100 
► z 
: 10 
IC 
:> 
u •o .. a 
IC 

EIMAC VVC4 60·20 
MAXIMUM CURRENT RATING 

YI 
FREOUENCY -- ,__ 

-r--,..__ 
@ PAIIALLt:L C0NNt:CTEO ( MAX. PfAK 

YOLTAGt: lOltY) 
(i) SPLIT•STATOII CONN[CTEO ( MAX. 

I PUltl YOLTAf ' • ~KY) I I 

EI TE 

The VVC4-60·20 is a four unit variable vacuum capacitor consisting of four 
VVC60-20 unih in a convenient gang mounting. 

ELECTRICAL 
CHARACTERISTICS 

Capacitance 
Parallel Split Stator 

Maximum .............................. 240 
Minimum ................................ 40 

Number of revolutions (See Curves) 17 
Maximum Peak R.F. Voltage.......... 20 
Maximum Current (RMS) .............. 160 

(See derating curve vs frequency) 
Temperature Coefficient ................ + .016 

MECHANICAL 
Mounting ....................................... . 
Cooling ........................................... . 
Maximl m Seal Temperature ........... . 
Maximum Overall Dimensions 

Depth ................................... . 
Height ................................... . 
Width ................................... . 

._,, Net Weight ................................. . 
Shipping Weight (approx.) ........... . 

--

60 mmfd 
10 mmfd 
17 turns 
40 kilovolts 
80 amperes 

+ .004 mmfdl°C 

See Outline Drawing 
Air Convection 

1so0 c 

6- 9/ 32" 
7-13/16" 
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8 lbs. 

14 lbs. 
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0 UGH, IN c. 

PREFORMED CONTACT FINGER STOCK 

► Eimac Preformed Contact Finger Stock is a prepared strip of spring 

material slotted and formed into a series of fingers designed to make 

sliding contact, 

Eimac Finger Stock is an excellent mea ns of providing good circu it 

continuity when using components with adjustable or moving contact 

surfaces. It is especially suitable for ma king connections to tubes with 

coaxial terminals, or to moving parts, such as long-line and cavrty type 

circuits; and it is also useful in acting as an electrical "weather-strip" 

around access doors to equipment cabinets. 

The material is a heat treated alloy; and is silver plated for bette r r-f 

conductivity. No further forming of the material should be attempted. 

Eimac Finished Finger Stock has a minimum radii of curvature of 1h" for 

the 17 / 32" type, and ¾" for both the 31 / 32" 

a nd I • 7 / 16" types. It may be secured by any 

suitable mechanical means or by soft soldering. 

Eimac Finger Stock can be obtained to 

order in a raw state ( punched, formed, un­

plated and not heat treated I. The Raw Finger 

Stock can be formed to different shapes by the ► 
user but it then must be carefully heat treated. 

Finished Finger Stock receives a closely con-

trolled and uniform heat treatment as follows : 

375°-385°C. for 5 hours in a neutral gas atmo-

sphere_. No special cooling considerations are 

necessary, except those required to avoid oxi-

dation. Eitel-McCullough will not undertake to 

heat treat or plate Raw Finger Stock after 

being further formed by a customer. For fur-

ther information concerning the heat treatment 

of the Finger Stock material, Alloy No. 720, 

write the supplier of the material : 

General Plate Division 

Metals a nd Control Corporation 

Attle boro, Massachusetts 

Standard lengths of either Raw or Finished 

Finger Stock are I foot, 2 feet and 3 ( maxi­

mum I feet. Some small variation about the 

standard lengths should be expected. 

(Effecll•• 3-10-SJ) Coprrl9 ht, 1953 br Eltel-McCullou9h, Inc. 

Eimac Tubes •nd 

Contact Surteces 

for which Finger 

Stod is especia lly 

suitable. 

3W10,000A3 

3WS000A3 

3WS000F3 

3X3000A1 

3X3000F1 

3X2500A3 

3X2500F3 

4XS00A 
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4X150A 

4X150D 

4X150G 

2C39A 

w ... 0 
< « _, 
A. c.D 

1-7/16 31 / 32 

1 • 7 /16 17/32 

1-7/ 16 17/32 

1 • 7 / 16 17/32 

1-7/ 16 

1-7/16 17/32 

1-7/16 

31 /32 

31/32 

17/32 

17/32 

17/32 

17/32 
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CONTACT 
FINGER 
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0 
« 
c.D w 

0 z 0 w :x: w ... "' < 0 
"' 0 

17/32 

31/32 

17/32 

17/32 

17/32 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

---¥-··•· __ _ 
► : lt~ 

·--------~ --

r ~ 
15 
16 

n 
64 

f: 
64 

17 
32 

7 
I 16 

- - - - -

1 • 7 / 16" TYPE 

- - -

t 
____ ...___! _ _ ______ __,_j 

21 
32 

il R 
64 

17 / 32" TYPE 

t 
I 
2 
~ 

3 
8 ' ------------------------~_l 

-=l.010 

~ti 
31/32" TYPE 

~ 

NOT~The • bo•• d lmen1lon1 1hould be re9orded •• c•rryln9 no•m•I 1n .. uf•cturin9 tolerence, beuuse of •••l•llon, In 
the shHrin9. formln9 ••d hut-t,utln9 procuses. 

,,inted In USA 4-46915 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

EITE , I N C. 
8RUNO, CALIFORNIA 

HR HEAT 
DISSIPATING 
CONNECTORS 

Eimac HR Heat Dissipating Connectors are used to make 
electrical connections to the plate and grid terminals of Eimac 
tubet, and, at the same time, provide efficient heat transfer 
from the tube element and glass seal to the air. The HR con­
nectors aid materially in keeping seal temperatures at safe 
values. However, it is sometimes necessary to forced-air-coal 
the cannectar by means of a small fon ar blower. In such cases 
the air flow should be parallel with the fins of the connector. 

TUBE 
PLATE 

CONNECTORS 
CONNECTOR 

GRID 

2-lSA Hlt- 1 ............ 
2-50A HR-3 ............ 
2-IS0D HR-6 ............ 
2-240A Hl-6 ............ 
2-2000A Hit-I 
3C24 Hlt-1 Hit- I 

4-65A Hl-6 ............ 
4-125A HR-6 OoOoOhooo , o 

4-250A Hlt-6 ............ 
4-400A Hlt-6 ou••••• •••• 
4- lOOOA Hit-I •···••••····· ► 4E27A / 5-1251 HR-S ············ ► 4PR60A HR-I 

► 6C21 HR-I 
00

HR-l
0 

KY21A Hl-3 ............ 
RXllA HR-3 ............ 
25T HR-1 ............ 
3ST HR-3 
3STG Hll-3 HR-3 
UHS0 Hl-2 Hlt-2 

Designed for use on the larger tubes, the HR-9 Heat Dissipating 
Connector is provided with an air duct to conduct the coaling 
oir directly to the glass seal. 

HR Heat Dissipating Connectors are machined from solid 
daral rod, and are supplied with the necessary machine screws. 
The table below lists the proper connectors for use with each 
Eimac tube type. 

TUBE 
PLATE 

CONNECTORS 
CONNECTOR 

GRID 

7STH-TL Hlt-3 Hlt-2 
IOOR HR-I 
IOOTH-TL HR-6 HR-2 
VT127A Hlt-3 Hlt-3 
IS2TH-TL HR-S HR-6 
250TH-TL Hlt-6 HR-3 

250R Hlt-6 ...........• 
253 Hit-I ········"·· 
3CMTH-TL HR-7 HR-6 
327A Hlt-4 Hlt-3 
4S0TH-TL HR-I Hit-I• 

► S92/ 3-200A3 HR-10 HR-S 

750TL Hit-I HR-I 
166A HR-I ........... 
172A HR-I 
1000T HR-9 HR-9 

► 1500T HR-I HR-I 
► 2000T HR-I Hit- I 

"The grid terminal of the 4S0TH-TL typt tube is now .560" In diamtter. To a ccommodate ulsting 1quipmtnt designed for the older style 4S0TH-TL 
having .091" diameter grid terminals, an adapter pin is provided with the newtr tubes. This odopttr pin is thrtoded so that it may be rt movtd 
from the grid ttrminol of the tubt . The small grid ttrminol requires on Hll-4 conne ctor, 

(Effective 3-9-53) Copyright, 1953 by Eitel-McCullough, Inc. ► Indicates change from , heet doted 7- 1- 50 
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SECTION A 
INTRODUCTION 

The user of transmitting tubes is no doubt 
familiar with the usual r-f circuits built around 
neutralized triodes, and the many considerations 
in layout, circuit design, adjustment, keying, 
modulation, and care required to get the best 
performance and life for his particular needs. He 
probably is not so familiar with an accumulation 
of factual experience using the latest designs of 
the four-electrode transmitting tube, the tetrode. 

It is the purpose of this application bulletin 
to cite some of the experience which has been 
had with current and new tetrodes to help users 
obtain the full capabilities of the tubes. 

Briefly stated these new tubes: 
1. Have internal feedback coupling reduced 

to a very small value. 
2. Permit design of amplifier stages which 

operate with driving power less than 1 o/o 
of output power in most cases, and with 
negligible driving power in many audio 
cases. 

3. Operate efficiently and with good life at 
audio and radio frequencies, including 
the VHF region ( 30 to 300 Mc.) and in 
some cases into the UHF region (300 to 
3000 Mc.). 

page 1 

4. Take abuse (providing it's done intelli­
gently and not with a hammer). 

5. Allow designers to build compact, simple, 
flexible equipment with the least chance 
of spurious interfering radiations. 

The practical desired results, however, can 
not be had unless the design, adjustment and 
operation of the complete equipment are right. 
This recital of some experience with Eimac tet­
rodes can not presume to supply the normal skill 
and good techniques necessary to build success­
ful electronic equipment. It may make it easier 
by showing layouts, circuit considerations, ad­
justment techniques, and operating values, which 
have worked. In many ways the problem is little 
different from building successful equipment 
with triodes. 

The bulletin tries to give a general under­
standing, and clues to understanding, some of 
the behavior of circuits using tetrodes. For spe­
cific ratings, operating values and information 
on a particular tube type, the technical data sheet 
for the tube type should be studied. It comes with 
the tube, or may be had for the asking. 

Fig. I 

Well arranged, filtered, and shielded 
r-f amplifier. Designed and built by 
R. L. Norton (Wi>CEM), and in use 

at WIFH. 

t 

I 

I 
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SECTION B 
LAYOUT 

- B-1. General 

The metallic enclosure in which the tetrode 
or tetrodes operate serves the following three 
purposes: 

1. Completes the shielding between the out­
put (plate circuit) and the input (grid 
circuit). 

2. It channels the forced cooling air, or 
convection air currents, so as to cool the 
tube adequately and, incidentally, the 
associated component parts as well. 

3. It confines the radio frequency energy 
and helps permit selection of the desired 
frequency as the only one to be coupled 
out to the useful load circuit. 

A good example of a suitable enclosure is 
shown in Fig 1. 

B-1-a. ShieldillCJ 

By referring to Figs. 2, 3, 4, 5, and 6, one 

Fig. 2 

Push-pull r-f emplifier employing 4-250A tetrodes. 
Designed and built by C. F. Bane (W6WB)' . 

Fig. 3 

Push-pull 88-108 Mc. I Kw. emplifier employing 
4-400A tetrode,. Redio EnginHring Laboratories, 

Model 701 trensmitter. 

can readily see several r-f layouts which have 

been satisfactory in practice. Note that in all 

cases the tube is mounted vertically with the 

base down, and the socket is mounted flush with 

the deck separating the compartment below the 

tube and the compartment above the tube. In all 

cases the grid and filament (or cathode termin­

als) are on the base end of the tube and extend 

into the lower compartment. The plate circuit 

and plate terminal are in the upper compart­

ment. 

In the case of tubes having metal base shells, 

grounding clips should be carried by the bolts 

mounting the socket so as to bring the base shell 

to chassis potential. This completes the shielding 

between the output and input circuits since the 

base shell of the tube comes up opposite the 

screen shield within the tube itself. 

page! 
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SECTION B 

Fig. 4 

Push-pull 110 Mc. amplifier employing 4- IOOOA 
tetrodes. Gates Radio Co. Model BF 

3 kw tresmitter. 

By having the tube and circuits in com• 
pletely enclosed compartments and by properly 
filtering incoming supply wires, it is possible to 
prevent the coupling out of radio frequency 
energy by means other than the desired output 
coupling. 

Such filtering prevents the coupling out of 
energy which may be radiated promiscuously or 

Fig. 5 

Experimental push-pull perellel 110 Mc. 3 kw empli• 
fier employing 4XSOOA tetrodes. Designed end 

built by Eitel-McCullough Laboratories. 

pageS 

Fig. b 

E•perimental 950 Mc. doubler final end tripler 
driver employing 4X I S0A tetrodes. Designed and 

built by Eitel-McCullough Laboratories. 

be fed back to the input or earlier stages to cause 
trouble. Energy fed back to the input circuit 
causes undesirable interaction in tuning, or self 
oscillation. If energy is fed back to the earlier 
stages, the trouble may be greater due to the 
larger power gain over several stages. 

The layout for an audio stage follows simi­
lar general arrangements. See Fig. 7. 

Fig. 7 

Experimental 500 watt Cless-AB, aud io amplifier. 
Designed and built by Eitel-McCullough 

Laboratories '. 

t 
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Fig. 8 

4-125A mounting providing cooling, ,hielding end 
isolation of output •nd input compertments. 

B-1 -b. Air Cooling 

If the flow of cooling air is upward it will be 
consist~nt with the normal flow of convection 
currents. See Figs. 8 and 9. In all cases the 
socket is an open structure or has adequate vent 
holes to allow cooling of the base end of the tube. 
Cooling air enters through the grid circuit com­
partment below the socket through a screened 
opening, passes through the socket cooling the 
base end of the tube, sweeps upward cooling the 

Fig. 9 

4X I SOA cheui, mounting providing cooling, ,hield­
ing end isoletion of output end input compertmenh. 

glass envelope and into the output circuit com­
pa rtment. The output compartment also has a 
mesh-covered opening which permits the air to 
vent out readily. These arrangements apply 
whether the tube is cooled by forced air or con­
vection circulated air. If the tube is to be forced-

SECTION B 
air cooled, a suitable fan or blower is used to 
pressurize the compartment below the tubes. No 
holes should be provided for the air to pass from 
the lower to the upper compartment other than 
the passages through the socket and tube base. 
Some pressure must be built up to force the prop­
er amount of air through the socket. In the case 
of convection cooling, open louvers or screened 
areas permit ready entrance of cool air, and all 
access holes or vents should have large areas to 
provide a minimum resistance to the flow of air. 

. .... 
'I 
I I 
I I 
t I 
I I 

,J l , ... - -......... 

Fig . 10 

DO NOT SUB-MOUNT A METAL BASE SHELL 
TUBE. Bese cooling is prevented end no improve­

ment in shielding results. 

DO NOT SUB-MOUNT A TUBE WITH 
METAL BASE SHELL SO THAT THE CHASSIS 
DECK OR MOUNTING DECK COMES UP 
ABOVE THE VENT HOLES OF THE BASE 
SHELL OF THE TUBE. See Fig. 10. No improve­
ment in isolating output and input circuits re­
sults, and such an arrangment prev ents the flow 
of cooling air, whether forced or by convection 
currents. If a tube must be recessed into the 
mounting deck because of space limitations, a 
recessing cylinder with wide clearances should be 
used to permit the air from the base holes to vent 
into the compartment above tleck. 

The method shown in Figs. 8 and 9 of sup­
plying the cooling air to the tube has worked 
successfully, provided the desired flow is ob­
tained, and it is to be preferred over methods 
which try to force cooling air transversely across 
the tube base. 
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SECTION B 
In the case of the 4X150A, 4-400A, and 

4-lOOOA tetrodes, there are available complete 
air system sockets. See Fig. 11. These permit 
cooling air to be blown axially onto the base of 
the tube, through or past the base, confined by a 
suitable chimney to cool the glass portion of the 
tube, and then forced onto the plate terminal or 
through the anode cooler. This combined system 
permits a single stream of air to cool a tube com­
pletely in a manner determined to be well bal­
anced by the manufacturer. Since the air chan­
nel is well defined and its resistance to the fiow 
of air standardized, a simple measurement of the 
air pressure at the input indicates the proper 
fiow of air. This assumes that there are no other 
air fiow restrictions. 

B-2. Component Parts 

If one is to maintain the isolation of the out­
put and input circuits indicated on the general 
layout, there must be some thought given to the 
location of the component parts. All component 
parts of the grid or input circuit and any earlier 
stages must be kept out of the plate circuit com­
partment. Similarly, plate circuit parts must be 
kept out of the input compartment. It must be 
noted, however, that the screen lead of the tube 
and connections to it via the socket are common 
to both the output and input resonant circuits. 
Due to the plate-screen capacitance of the tube, 
the r-f plate voltage (developed in the output 
circuit) causes an t•f current to fiow out the 
screen lead to the chassis. In the case of a push­
pull stage, this current may flow from the screen 
terminal of one tube to the screen terminal of 
the other tube. Similarly, due to the grid to 
screen capacitance of the tube, the r-f voltage in 
the input circuit will cause an r-f current to fiow 
in this same lead to chassis, or to the opposite 
tube of the push-pull circuit. 

Curiously enough, the inductance of this 
lead, common to both the output and input cir­
cuits, has the desirable feature of providing volt­
age of opposite polarity to neutralize the feed­
back voltage of the residual plate to control-grid 
capacitance of the tube. (This is discussed under 
section D-2 "Neutralization".) I t should be 
noted, however, that the mutual coupling from 
the screen lead to the input resonant circuit 
might possibly be a source of trouble if accen­
tuated. 
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Eimac 4-400A/ 4000 Air System Sodet providing 
balanced tube cooling by a single stream of air. 

Parasitic oscillations are usually unavoid­
ably present in new designs. Such parasitic os­
cillations result from the minor characteristics 
of some of the lead wires and circuit components 
and such incidental circuits must be altered to 
prevent their occurrence. This is a straight-for­
ward "de-bugging" and will not affect the per­
formance of the fundamental frequency. 

Thus, after the general arrangement of the 
layout of the new amplifier is known, the loca­
tion of the component parts is the next step. No 
attempt is made to discuss details other than 
those which are peculiar to power tetrodes. 

No given layout can be guaranteed to be a 
cure-all for trouble. It is believed that certain 
basic ideas and arrangements can be considered 
as good practice, which will make "de-bugging" 
easier. Certain of the component parts might 
just as well be laid out following one of these 
arrangements. 

The photographs of equipment are examples 
of good layout. The bypassing arrangements 
near the tetrode socket illustrated in Figs. 12, 
13 and 14 are examples of successful arrange­
ments. They are not presumed to be perfect nor 
the only possible good arrangements. 

B-3. Lead Lengths 

Some of the inter-connecting lead wires 
close to the tube should be made extremely low 
inductance to minimize the chances of forming 
possible VHF parasitic circuits. If two or more 
tubes are used they should be placed reasonably 

t 

t 
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Fig 12 

Underside of push-pull multi-band r-f amplifier 
employing 4-250A tetrodes. Designe d and 

built by C. F. Bane (W6WB) ', 

close together to help provide short inter-con­
necting leads. The lead lengths of radio frequency 
circuits involving the fundamental frequency can 
usually be much longer and will depend a good 
deal on the frequency of the fundamental. All of 
the d-c, keying, modulating, and control circuit 
wires can be quite long, if properly arranged, 
and so be kept away from the active r-f circuits. 

The following inter-connecting leads in a 
tetrode power amplifier should preferably have 
quite low inductance: the filament and screen by­
passing leads, the leads from grid and plate to 
the tuning capacitor of the r-f circuit and return, 
and the inter-connections from tube to tube in 
push-pull or parallel arrangements. For a lead to 
have low inductance, it must have a large sur­
face and be short in length, as in a strap or a 
ribbon. This consideration also applies to that 
portion of a lead inside of a bypass capacitor. 

SCREEN 

Fig . 13 

Typical ,odet bypassing of screen and filament 
terminals as used by C. F. Murdoc~ (W60MC). 
Note use of parallel low inductance ceramic and 

larger mica capacitors. 

SECTION B 
B-4. Filament BypassinCJ 

Low inductance bypass capacitors should be 
used in bypassing the filament. It is good practice 
to place one directly between the filament socket 
terminals. If the circuit allows it, strap one fila­
ment direct ly to the chassis, and if not, use a sec­
ond bypass capacitor from one terminal to 
chassis. 

If two or more tubes are in a push-pull or 
parallel circuit, one can use a short strap inter­
connecting one of the filament terminals of each 
socket, Fig. 14c, g; or the tubes can be bypassed 
as in the single tube case, Fig 14b, f. The mid­
point of the inter-connecting strap can be by­
passed or grounded directly. 

A 

I 

V • . --- Nal~tat• --- ,-N.LTWH 

t . ' ' • I , I I 

-~ · ·,-· ·-,:. ·y.· . . . . 
, , ~ y. 
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Fig. 1-4 

Various screen and filament bypassing 
arrangements. 

In case separate filament supplies are used, 
as in individual metering circuits, filament by­
passes as shown in Fig. 14d have been found 
satisfactory. 

With tubes having a completely isolating 
screen cone terminal such as the 4X500A and 
4X150A, the general circuit arrangement is 
usually different. The filament or cathode should 
go directly or through bypasses to the cavity wall 
or chassis to which the screen terminal is by­
passed. Typical cavities or arrangements are 
shown in Figs. 5, 6, 9 and 17. In t he case of the 
4X150A air system socket, the cathode terminals 
are secured to the mounting cup which also 
forms one plate of the screen bypass capacitor. 

B-5. Screen BypassinCJ and Screen Series TuninCJ 

Low inductance leads are generally advisable 
for screen terminal connections. For all fre­
quencies it has been found good practice for the 
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SECTION B-C 
screen bypass capacitor to go directly from 
screen to one filament terminal. This applies to 
tubes in push-pull as well as single tubes. In the 
VHF region the connection to the screen term­
inals should be made to the mid-point of a strap 
placed between the two screen terminals of the 
socket. This provides for equal division of the 
r-f current in the two screen leads and minimizes 
the heating effects. 

Above the self neutralizing frequency of the 
tetrode (about 25 Mc. for the 4-lOOOA and 
around 80 Mc. for the 4-125A) the screen bypass 
capacitors are usually variable capacitors. (See 
section D-2 "Neutralization"). The variable 
capacitors are placed in the circuit at the same 
location as the bypass capacitors. Care should 
be taken to keep the inductance of the leads low. 

The information in Fig. 14 and paragraphs 

above apply directly to tubes having the screen 
grid mounted on internal supporting lead rods, 
as in the types 4-65A, 4-125A, 4-250A, 4-400A, 
4X500F and 4-lOOOA. 

The types 4X150A, 4X150G, and 4X500A 
have isolating screen cone terminals. These tubes 
seem to work best when the screen bypass capac­
itor is a ftat sandwich type oI capacitor ( using 
silver coated mica for a dielectric) built directly 
onto the peripheral screen contacting collet of 
the socket. This arrangement is illustrated in 
Figs. 5, 6, and 17. Provided the screen contacting 
collets do not introduce appreciable inductance, 
it has been found that capacitors having values 
of about 800 micro-microfarads or greater are 
suitable for VHF and UHF frequencies. At lower 
frequencies the usual bypass capacitor values of 
about .001 to .003 mfd are suitable. 

CIRCUIT CONSIDERATIONS 
C-1 . Basic Circuits 

The basic circuits of tetrode amplifiers for 
both audio and r-f power amplifiers are in gen­
eral similar to those for triode amplifiers. The 
tubes perform the same functions and differ prin­
cipally in having much lower driving power re­
quirements and much greater inherent isolation 
between output and input circuits. Such differ­
ences as exist in the details and associated cir­
cuits are discussed in the following paragraphs 
and sub-sections. 

In designing the basic r-f circuits, reference 
should be made to the technical data sheet of the 
particular tube type for the electrode voltages 
and currents, and the output and driving power 
to be expected. 

Because of the ability of the screen to assist 
in the flow of plate current, the grid can control 
a large plate current without going positive. For 
this reason low distortion audio amplifiers in 
class AB1 are possible. Thus, the tube requires 
audio driving voltage only (with no grid current 
flowing) while delivering large audio power, 
such as 750 watts from a pair of 4-250A's or 3 
kw from a pair of 4-lOOOA tetrodes. For such a 
circuit refer to Fig. 15 where a pair of receiving 
tubes in a resistance coupled, phase inverting cir­
cuit is all that is required to drive the tetrode. 
For a typical equipment design see Atkins & 
Mandoli', and Fig. 7. 
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VHF circuits appear very simple and clean 
as shown in Figs. 3, 4, and 5. Care in bypassing 
and neutralizing (if required) is very important. 
For details see Sections B-4, B-5 and D-2. A 
typical schematic circuit is shown in Fig. 16. An 
understanding of transmission line circuits is 
helpful though no more necessary in tetrode cir­
cuits than triode circuits. 

Fig. 16 

ScrHn-tuning neutralization circuit for use above 
100 Mc. with ◄-12SA tetrode. 

Some tetrodes are able to operate well into 
the UHF region, and coaxial type cavity circuits 
are normally employed. In general, microwave 
and cavity techniques apply to the cavity con­
struction. As indicated in Fig. 17, screen bypass­
ing is introduced as part of the cavity construc­
tion. 

....... 

Fig. 17 

Schematic cavity section of 1250 Mc., amplifier 
employing ◄XI SOG tetrode. 

SECTION C 
C-2. BypasslllCJ, FUterinCJ, ScreeninCJ 

Essentially the requirements for confining 
the r-f energy to the desired circuits by bypass­
ing, filtering, and screening are the same with 
tetrode power amplifiers as with triode amplifiers. 
See section B-1, 4, 5 and D-2 for discussion of 
best arrangements. 

C-3. Power Supply Consideration 

In general, power supply problems for the 
plate and grid are the same as for the triode 
amplifier. The need for screen voltage introduces 
some new considerations and provides some new 
possibilities. 

Voltage for the screen grid of a power tet­
rode can readily be taken from the power supply 
used for the plate of the tube. In this case a 
series resistor, or potential dividing resistor, is 
chosen so that with the intended screen current 
the voltage drop through the resistor is adequate 
to give the desired screen voltage. It is, of course, 
possible to take the screen voltage from a low 
voltage supply, frequently using one already 
available in the equipment. There is considerable 
latitude so that an available voltage can be used. 
Sometimes a combination might be employed 
where a dropping resistor is used in conjunction 
with a low voltage or intermediate voltage sup­
ply. Frequently a combination of series resistor 
and voltage source can be chosen so that the 
rated screen dissipation will not be exceeded re­
gardless of the variations in screen current. With 
a fixed screen supply, there are advantages in 
using an appreciable amount of fixed gr id bias so 
as to provide protection against loss of excita­
tion, or for cases where the driver stage is being 
keyed. 

If the screen voltage is taken through a 
dropping resistor from the plate supply, t here is 
usually little point in using a fixed grid bias be­
cause an unreasonable amount would be required 
to protect the tube if the excitation failed. When 
a screen dropping resistor is used, most of the 
bias is normally supplied through a grid resistor 
and other means are used for tube protection. 

Under operating conditions with normal 
screen voltage the cut-off bias is low (about 1/5 
the screen voltage). When a stage loses excita­
tion and runs statically, the screen current falls 
close to zero. (See static curves of tube in ques­
tion.) If the screen voltage is obtained through 
a simple dropping resistor fro~ the plate supply, 
the screen voltage will then rise close to full plate 
voltage. Because the cut-off bias required is pro­
portional to the screen voltage, t he grid bias re­
quired will be m uch greater t han the amount of 
bias desired under normal operating conditions. 
For further discussion see C-4 "Protection" and 
C-5 "Keying". 

page 8 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SECTION C 
If the output power of a transmitter or am­

plifier stage is t.o be adjustable by varying the 
plate voltage, it is advisable to take the screen 
voltage through a dropping resist.or from the 
plate supply. Then, as the plate supply voltage is 
raised or lowered, the screen voltage rises or falls 
also and the plate current will follow. Alter­
natively, the sceen supply could be separate but 
with large series resistance to give poor regula­
tion, and the changes in screen current would 
cause the screen voltage t.o rise or fall. It is 
necessary t.o have the plate current proportional 
t.o the plate voltage if the same loading adjust­
ment (load resistance) is t.o serve for all power 
levels. If the plate current does not follow the 
plate voltage, the loading would have t.o be 
changed for each power level. This added control 
over the screen voltage is necessary because the 
plate current in a tetrode is principally controlled 
by screen voltage when excitation is present, and 
very little by plate voltage alone. 

SClflN VOLTAGE THIIO\J6H 
FIXED SCUEN SU,,LY o•or,1NG RESISTOR 

FIXED G•IO IIAS RESISTOR GRID I IAS USISTOR GRID IIAS 

Al ••rteW. .,,~ 
cfrfn •"'lcetlcw111, Le. 

Ser••• MM~ a.s- M,. "··· MM. ••FA.Mp. 

l\"411• AMplifl.,t.. •.dwc:e• e ffech of VuleWe lo.cfi~ • pptlcet;.,. 
V-HI .. Affi,,ifi.n. ♦i.cltet._.,. ••tl1H0111. u,..., 1,F AM,'m.,-.. 
&.Id Mo,i. R-f AM,-

r,.. .. w., p,ottc.♦;.,. Pow♦r l♦vel 1dj111t1Wo lt,i 
•t•l-.,t Jou of dutift.f "••• •elt•t•• 
••citetlH, or 
••'fM 41ri•w. P,otHtiCM' CH 11-e h.e .. for 

lou of HCltetlo,1., bye4' 
on.it• •t•t• by ut i1t1 th♦ 
ICfHII ....... ,. c..-t,ol of 
fl9. 20. 

Fig. 18 

Applic•tions •nd circuits to which fixed •nd resistor type 
scrHn •nd grid supplies ere best suited, 

In Fig. 18 a chart summarizes some of the 
reasons for choosing either a fixed screen supply 
or dropping resistor type of screen supply. Sim­
ilarly the type of the grid bias is important and 
should be chosen with both the application and 
the protection of the tube in mind. The d-c 
screen and grid currents are sensitive to changes 
in excitation and loading, and these changes af­
fect the d-c grid and screen voltages if the sup­
plies have appreciable internal resistance. These 
effects may be very beneficial if properly employ­
ed but in some cases are undesirable. For all va­
riable grid drive applications a fixed screen sup­
ply and a fixed control grid bias are necessary. It 
should be noted, however, that for a plate modu­
lated r-f amplifier, an r-f amplifier where a 
variable loading condition is expected, or where 
output power is t.o be controlled by changing 
plate voltage, a screen source with poor regula­
tion is desirable, i.e., screen voltage obtained 
through a screen dropping resistor. 
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Fig. 19 Protection Chart 

This ch•rt indic•tes the loc•tion of • suit• ble relay which should 
•ct to remove the princip•I supply volt•ge from the stage or 

transmitter to prevent damage to the tubes. 

C-4. Protection 

Eimac tetrodes are designed to stand con­
siderable abuse. For instance, the excess anode 
dissipation resulting from detuning the plate cir­
cuit of the tube will have no ill effects if not ap­
plied for periods of time sufficient t.o overheat 
the bulb and the seal structure. 

Siinilarly the grid and screen will stand 
some excess dissipation. In the latter cases, how­
ever, the maximum dissipation indicated on the 
data sheet should not be exceeded except for time 
intervals of less than a second. The maximum 
dissipation rating of the grid and screen is 
usually considerably above the typical values 
used for maximum output so that ample operat­
ing leeway is provided. The time of duration of 
overloads on the control and screen grids is 
necessarily short because of the small heat stor­
age capacity of the wires. Futhermore, grid tem­
peratures ca.nnot be seen, as in the case of the 
plate temperature, and no visual warning of 
accidental overload is had. 

The type and degree of protection required 
in an r-f amplifier against circuit failures will 
vary with the type of screen and grid voltage 
supply. Fig. 18 indicates some of the inherent 
protection provided by certain types of supplies, 
and Fig. 19 presents a chart of protection as re­
lated t.o certain kinds of circuit failures. For 
screen voltage taken through a dropping resistor 
from the plate supply, a plate relay provides al­
most universal protection. For a fixed screen sup­
ply a screen relay provides protection in most 
cases, and, for protection against excess antenna 
loading and consequent high plate dissipation, a 
screen u.ndercurrent relay should also be used. 
(Starting up in the latter case will, of course, re­
quire a temporary hold-in circuit.) 
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Plate, screen, and grid bias voltages may be 
applied simultaneously to a tetrode. Grid bias 
and excitation can usually be applied alone to the 
tube, especially if a grid leak resistor is used. 
Plate voltage can be applied to the tetrode be­
fore the screen voltage, with or without excita­
tion to the control grid. NEVER APPLY 
SCREEN VOLTAGE BEFORE PLATE VOLT­
AGE. The only exceptions would be when the 
tube is cut off so that no space current (screen 
or plate current) will flow, or the excitation and 
screen voltage are low. If screen voltage is ap­
plied before the plate voltage and space current 
can flow, the maximum allowable screen dissi­
pation will almost always be exceeded and dam­
age to the tube will result. 

C-5. Keying 

The tetrode power amplifier can be keyed 
using the same basic principles employed with 
any power amplifier. In addition, the screen elec­
trode provides another low power circuit where 
keying can be introduced. Suitable filters, of 
course, must be used so that the make and break 
is slow enough to avoid high frequency sidebands 
known as "key clicks". The usual "key click" 
filter techniques apply. 

There are several good methods of controlling 
the tetrode r-f power amplifier when exciter key­
ing is used. With the screen voltage fixed and 
with fixed bias greater than cut-off, the tube will 
pass no current when the excitation is removed. 

,ROM EXOTER 

Fig. 20 

JOfLATEJM 

~5,000TO 
~ 

- HY + 

ScrHn voltage control circuit for Hciter keying 
or protection against loss of Hcitation when 

supplying screen from high voltage source 

SECTION C 

Fig. 21 

Tetrode amplifier keying circuit used by B. 0. 
Ballou (W6BET)'. 

It is also possible to key the exciter stage 
when the screen voltage is taken through a drop­
ping resistor and grid leak bias is used. See Fig. 
20. In this system a high transconductance, low 
mu triode is connected between screen and cath­
ode, and the controlling bias for the small triode 
is taken from the tetrode bias developed in the 
grid leak resistor. When normal excitation is 
present on the tetrode r-f amplifier and grid bias 
is developed, the triode control tube is cut off 
and the screen voltage circuit operates normally. 
If excitation voltage is removed from the tetrode 
power amplifier, the bias voltage developed in 
the resistor drops to zero and the control triode 
becomes conducting. The current drawn by the 
triode control tube will increase the IR drop in the 
screen dropping resistor and lower the screen 
voltage to a very low value. 

There is still some screen voltage on the 
tetrode and a small static plate current ilows 
which, however, is usually not enough for the 
plate dissipation rating to be exceeded. This 
value can be reduced further by putting a second 
control triode in parallel with the first {also a 
smart precaution against failure of the single 
triode), by putting a gas regulator tube in series 
with the lead to the screen before the screen 
r-f bypass capacitor, or by introducing a small 
amount of fixed bias on the tetrode between the 
grid resistor and t!ie tetrode grid. These pro­
cedures are usually not required. In fact, the 
static plate current gives a desirable bleeder ac­
tion for the plate supply. 

Fig. 21 shows a method of keying a tetrode 
r-f power amplifier where the low voltage 
power supply for the screen of the tetrode and 
for the plate and screen of the driver stage is 
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SECTION C 
keyed directly. The circuit is described by 
Ballou ' , 11

• This permits keying in a relatively 
low voltage, low current circuit. The key click 
filter capacitor, a-esistor, and choke are simple 
and assure positive control of the keying wave 
shape. 

C-6. Modulating 

A tetrode r-f amplifier can be amplitude 
modulated in all the usual ways: plate modula­
tion, screen modulation, grid modulation, or 
cathode modulation. Of these, plate modulation 
is the type most extensively used, and a discus­
sion of several simple methods of obtaining sim­
ultaneous modulation of the screen will be 
helpful in this respect. 

~~ ~~ 
11•~ 'I F ... -9 ...... -==- .J ~ _ _. 

. . . 
Fig. 22 

Buie high-lev1l-moduletin9 c:irc:uih for tetrodts. 

Fig. 22 shows three of the basic plate modu­
lation (or high level modulating) circuits, and 
Fig. 15 shows a complete schematic involving a 
plate modulated r-f amplifier and the audio 
modulator stage, using a pair of 4-250A tetrodes 
to modulate a pair of 4 -250A tetrodes. 

In plate modulation it is necessary to intro­
duce not only amplitude modulation of the plate 
voltage, but also to develop about 70% ampli­
tude modulation of the screen voltage of the tube 
as well, for 100%- carrier modulation. Modula­
tion of the screen voltage can be developed in one 
of the following three ways: 

1. By supplying the screen voltage through 
a dropping resistor connected to the un­
modulated d-c plate supply. 

2. When a low voltage fixed screen supply 
is used, a modulation choke is placed in 
series with the supply. hi the case of 
voice modulation this is about a 10 
henry choke. 

3. A third winding on the modulation t rans­
former designed to develop the required 
screen modulation voltage. 
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It is interesting to note that in all three 
cases the screen of the tetrode tube supplies the 
necessary audio power. During the portion of 
the modulation cycle when the plate voltage is 
increased, the screen current decreases. If the 
screen is supplied through an impedance such as 
the screen dropping resistor, or modulation 
choke, the voltage drop in this series impedance 
becomes less and the screen voltage rises in the 
desired manner. On the other part of the modula­
tion cycle when the plate voltage is decreased, 
the screen current increases causing a greater 
voltage drop in the screen series impedance, thus 
lowering the voltage on the screen of the tube. 

I t will be noted that in the plate circuit as 
the plate voltage increases, the plate current in­
creases, which requires power to be supplied 
from the audio modulator. In the screen circuit 
however, as the screen voltage increases, the 
screen current decreases. This corresponds to 
audio power being supplied from the tetrode 
and d-c screen voltage source, and delivered to 
the dropping resistor or series impedance. In the 
case of the modulation transformer the power is 
supplied back to the audio source. In all cases, 
this power is a few per cent of the plate power 
input to the tube and is therefore negligible. 

Where modulation voltage appears on an 
electrode of a tube, the r-f bypass capacitor of 
this electrode should be kept to about .002 mmfd 
or less in order to avoid bypassing high modula­
tion frequencies. 

In grid modulation or screen modulation, 
where 100% modulation capabilities are desired, 
the tube efficiency under carrier conditions is 
about half that expected in the r-f amplifier when 
plate (high level) modulation is used. This 
efficiency is usually on the order of 35% and thus 
grid or screen modulation is not used unless there 
is a desire to save on the physical size of the 
modulation source. 

Whe.n grid modulation is used, the screen 
voltage and gr id bias must be taken from sources 
with good regulation. This usually means a sep­
arate low voltage power supply source. In the 
case of screen modulation, the grid bias should 
be taken from a grid leak bias resistor. The pro­
cedure in screen modulation is otherwise similar 

t 
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to the standard procedure of modulating with an 
electrode other than the plate. The r-f amplifier 
is adjusted to good class-C operating conditions, 
and then the grid bias is increased, or the screen 
voltage is reduced, until the output antenna cur­
rent falls to half its former value. This gives a 

SECTION C-D 
carrier condition which will permit 100% ampli­
tude modulation. Under these conditions the 
unmodulated carrier power is about 1h that of 
the corresponding unmodulated class-C ampli­
fier. The grid bias or screen voltage can then be 
modulated up and down about this carrier point. 

CIRCUIT ADJUSTMENT AND 
CHOICE OF OPERATING CONDITIONS 

D-1 Stabilizing the Amplifier 

At this point it is assumed that the ampli­
fier has been built, supply and control circuits 
tested out, the filament voltage checked at the 
tube sockets, air cooling is correct, and the grid 
and plate circuits resonate at the desired fre­
quency. The next step is to apply voltage to the 
amplifier and test for stability. 

D-1-a. Testing for Parasitic Oscillations 

In the case of the tetrode r-f power ampli­
fier, it will be necessary to investigate not only 
for the possibility of self oscillation, but lack of 
feedback on the fundamental frequency. The 
basic steps of checking for self oscillation are 
three fold: 

1. The amplifier should be operated without 
r-f excitation and without fixed grid bias, 
with light loading and with low voltages 
applied to the screen and plate. The volt­
age should be high enough to develop 
Iull plate dissipation, however. For this 
test grid leak bias should be used. If the 
screen and plate voltage supplies can­
not be adjusted directly to low voltages, 
suitable series resistance should be used, 
either in series with the rectifier out­
put or transformer primary so that the 
voltages developed at the tube will be 
low. (Simple light bulbs of the right size 
will serve as resistors in series with t he 
primary of the rectifier transformers.) 
The r-f circuits should be tuned off reso­
nance to see if self oscillation of the am­
plifier can be started. The presence of 
any current on the grid milliameter 
means that self oscillation is present. 

2. By means of a wave meter the frequency 
of self oscillation of t he r-f power ampli­
fier is found. 

3. The circuit supporting the self oscilla­
tion must be determined and altered so 
that such oscillations cannot exist, and 
without disturbing the performance on 
the normal frequency of the amplifier. 

The subject of parasitic oscillations in am­
plifiers has been well covered in the literature, 
and the following references will be helpful: 
Mix3 , Fyler•, Bane~. 

D-1-b. Correction of Parasitic Oscillation 

The usual self oscillations in r-f power am­
plifiers have been found to fall in the following 
three classes: 

1. Oscillation at a VHF frequency from 
about 40 to 150 Mc., regardless of the 
normal frequency of the amplifier. 

2. Self oscillation on the fundamental fre­
quency of the amplifier. 

3. Oscillation at a low radio frequency be­
low the normal frequency of the ampli­
fier. 

The low frequency oscillation in an ampli­
fier usually involves the r-f chokes, especially 
when chokes are used in both the output and in­
put circuits. Because the possible feedback 
coupling in a tetrode is negligible at such low 
frequencies, this type of oscillation due to feed­
back through the tube is generally not found in 
the tetrodes under discussion. 

Oscillation near the fundamental frequency, 
if it occurs, involves the normal resonant cir­
cuits, and brings up the question of neutralizing 
the r-f power amplifier. This general subject is 
discussed thoroughly under "Neutralization" 
section D-2. 

In case a parasitic self oscillation is found 
on a very high frequency, the inter-connecting 
leads of the tube, t he tuning capacitor and by pass 
capacitors are involved. This type of oscillation 
does not usually occur when the power ampli­
fier is designed for operation in the VHF region 
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and where the r-f circuits external to the tube 
have negligibly small tuning capacitors. With­
out tuning capacitors the highest-frequency os­
cillating circuit possible is then the fundamental 
and there would be no higher frequency circuit 
available for the parasitic. (The only exception 
would be where higher order modes of line cir­
cuits might provide a parasitic circuit. However, 
little trouble has been found in this respect.) 

Fig. 23 

Usual circuit supporting VHF parasitic oscillation 
in HF r-f amplifiers. 

The VHF oscillation occurs commonly in 
amplifier constructions where the radio fre­
quency circuits are composed of coils and capaci­
tors, as in the HF and LF region. As will be seen 
in Fig. 23, the parasitic oscillation uses the capa­
citors of the fundamental resonant circuit as by­
pass capacitors, and the associated grid and plate 
leads for the inductances of the parasitic circuit. 
The tube capacitances help form the tuned-plate 
tuned-grid oscillation circuits. The circuit is in­
dicated by the heavy lines in Fig. 23. 

There are several straight-forward ways to 
suppress the VHF parasitic oscillation. In gen­
eral, it will probably be more easily suppressed 
if the general layout and bypassing methods in­
dicated earlier are followed. 

It turns out that the frequency usually met 
in a VHF parasitic oscillation is well above the 
self neutralizing frequency of the tube. (See 
D-2-b "Analysis of Neutralizing Circuits".) How­
ever, if the self neutralizing frequency of the 
tube can be increased and the frequency of the 
parasitic lowered, complete suppression of the 
parasitic may result, or its suppression by resis­
tor-coil parasitic suppressors made easier. 
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The following table lists the usual frequency 
around which the VHF parasitic may occur with 
usual circuit lead lengths: 

4-lOOOA 
4X500F 
4X500A 
4-400A 
4-250A 
4-125A 
4-65A 

90-110-Mc. 
130-145 Mc. 

Approx. 225 Mc. 
130-150 Mc. 
130-150 Mc. 
130-145 Mc. 
130-170 Mc. 

It is also possible to predict fairly closely 
with a grid dip wavemeter the frequency to be 
expected in a given equipment. The circuit should 
be complete and no voltages on the tube. The 
grid terminal may be strapped to the filament or 
screen because the grid circuit does not usually 
seem to be involved. Couple the meter to the 
plate or screen lead. 

The following two methods of eliminating 
the VHF parasitic oscillation have been used 
successfully: 

1. By placing a small coil and resistor com­
bination in the plate lead between the 
plate of the tube and the tank circuit. 
See Fig. 24. The resistor-coil combina­
tion is usually made up of a non-induc­
tive resistor of about 50 to 100 ohms, 
shunted by 3 or 4 turns about ½" in 
diameter and frequently wound right 
around the resistor. In some cases 
it may be necessary to use such a sup­
pressor in both the plate and grid leads. 
The resistor coil combination operates 
on the principle that the resistor loads 
the VHF circuit but is shunted by the 
coil for the lower fundamental fre­
quency. 

ca 

Fig. 24 

Placement of parasitic suppreuors to eliminate 
VHF paresitic oscillations in HF r-f amplifiers. 
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2. By the use of small parasitic chokes in 

the plate lead. See Fig. 24. The size of 
this coil will vary considerably depend­
ing upon the tube and the circuit layout, 
and may run from about 4 to 10 turns of 
about a ½ " diameter. Apparently, the 
presence of this choke in the frequency 

determining part of the circuit lowers 
the frequency of a possible VHF para-
sitic so that it falls near the sell neutral­
izing frequency of the tube and bypass 
leads. (See D-2-b "Analysis of Neutral­
izing Circuits.") In addition to varying 
the size of the suppressor choke, the 
amount of inductance common to the 
screen and filament in the filament 
grounding strap may be a factor. This 
can be varied simultaneously with the 
suppressor choke. 

Of the two methods indicated above for sup­
pressing VHF parasitic oscillations, the first one 
is probably the simpler to use and has been 
widely employed. No detailed study has been 
made of the circuits involved in the second 
method, but the method has been used success­
fully as indicated by Mix5 and Bane3

• A further 
discussion of the theory believed active in the 
second case is given under section D-2 "Neutral­
ization". 

The procedure of checking for self oscilla­
tion in an r-f power amplifier described above 
in section D-1 will normally show up most trou­
ble and allow for its correction. If, however, 
the correction is marginal it may sometimes 
happen that under operating conditions the self 
oscillation will be triggered off. The oscillation 
may occur only on the peaks of amplitude modu­
lation or on keying surges. By observing the r-f 
envelope on a cathode ray oscilloscope, the oscil­
lation can usually be seen. The trouble can be 
fully eliminated by pursuing further the correc­
tive procedures outlined under D-1-b above. 

A more difficult self oscillation to locate is 
one occurring on a harmonic of the fundamental 
frequency and occurring only when the stage is 
operating. It will show up when testing for the 
presence of abnormal power in the harmonics 
under operating conditions. 

SECTION D 
In the case of an audio amplifier employing 

tetrodes, small non-inductive resistors of about 
100 ohms resistance should be placed in series 
with the plate, and possibly the grid as well, in 
case self oscillation of the amplifier occurs in the 
very high frequency portion of the r-f spectrum. 
Should the audio or d-c voltage drop in the re­
sistor be objectionable, it can be shunted with a 
small coil. 

D-2. NellfralillCltlon 

Whether or not a tetrode should be neutral­
ized seems to be an open question. As stated 
previously, the feedback within tetrodes is a very 
small fraction of the feedback present in triodes. 
In a great many cases the isolation provided by a 
tetrode is enough so that there is no need to use 
any neutralization to counteract the negligible 
feedback. This applies to all low frequency r-f 
amplifiers. Whether or not neutralization should 
be used in the HF, the VHF and UHF regions de­
pends entirely upon the particular tube type, the 
operating conditions and the desired isolation of 
output and input circuits. In the case of tubes 
having isolating screen cone terminals, as for in­
stance the 4Xl50A and 4X150G, no neutraliza­
tion has been found necessary up through their 
highest useful amplifier frequency, approximate­
ly 500 Mc. and 1000 Mc. respectively. In the case 
of the 4X500A, also employing the isolating 
screen cone terminal, it is occasionally found de­
sirable to use neutralization at 100 Mc., though 
this is frequently not necessary. In the case of 
tetrodes having internal scr~n support lead rods, 
such as the 4-125A and 4-250A types, the need to 
employ neutralization in the HF region may be 
found in amplifiers operating with high power 
gain and high plate voltages, if complete isola­
tion o f output and input circuits is desired. Fre­
quently it is not necessary. 

At frequencies below the VHF region, neu­
tralization usually employs a capacitance bridge 
circuit to balance out the feedback due to the 
residual plate to grid capacitance. This assumes 
that the screen is well bypassed to ground and 
so provides the expected screening action. In the 
VHF and UHF regions the screen is not necessar­
ily at r-f ground potential and the neutralizing 
circuit becomes more involved. For suitable VHF 
circuits and simple explanation, see Section 
D-2-b "Analysis of Neutralizing Circuits". 
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If neutralization on the fundamental fre­

quency below the VHF region is found desirable, 
normal cross-neutralization of push-pull ampli­
fiers is simplest. The neutralizing capacitors are 
small and each capacitor need only be a wire 
connected to each side of the grid circuit, brought 
through the chassis deck, and allowed to ''.look" 
at the plate of the tube on the opposite half of 
the circuit. This is illustrated in Fig. 2. The wire 
or rod can be ½ " to 1" away from the glass, and 
by adjusting its length or spacing the last trace 
of coupling can be eliminated from the amplifier. 
A simple insulating collet mounted on the chassis 
deck will support the wire or rod and allow it to 
be adjusted. 

In the case of a single-ended stage, either a 
push-pull output or a push-pull input circuit can 
be used to provide the out-of-phase voltage neces­
sary for neutralization. Because of the low volt­
age and the small size of the r-f input circuit, it 
is usually simpler to make the input circuit push­
pull, and the circuit becomes a "grid neutraliza­
tion" circuit. See Fig. 25. The neutralizing 
capacitor, Cn, is again very small and similar to 
those described above under cross-neutralization. 
To maintain the balance of the input circuit while 
tuning, it is desirable to have a padding capaci­
tor, Ci, equal in size to the input capacitance of 
the tetrode. 

...------ Rf o .. ,., 

Fig. 25 

Push-pull grid neutraliiation, basic circuit. 

Single-ended r-f stages can also be easily 
grid-neutralized without using a conventional 
push-pull input circuit. See Fig. 26. In this 
method described by Bruene', the input resonant 
circuit is taken off ground a small amount by 
making the input circuit bypass capacitor, C, 
somewhat smaller than usual. The voltage to 
ground across capacitor, C, is out of phase with 
the grid voltage and can be fed back to plate to 
provide neutralization. In this case the neutral­
izing capacitor, Cn, is considerably larger than 
the capacitance plate to grid and is about the 
size of those used for neutralizing triodes. 

The basic circuit of the Bruene method is 
shown in Fig. 26a. It can be redrawn as a capaci-
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tance bridge showing clearly the grid neutraliza­
tion circuit. See Fig. 26b. Balance is had when 
Cn Cgp 

C = Cg£ where Cgp is the feedback capaci­
tance grid to plate of the tetrode, and Cg£ is the 
total input capacitance, including tube and stray 
capacitance. 

lb) 

Fig. 26 

Single-ended grid neutralize♦ion described by Bruene'. 
a) Basic Circuit. b) Arranged as 

capacitance bridge, 

Single-ended amplifiers can also be neutral­
ized by taking the plate circuit a small amount 
off ground as was done in the single-ended grid 
neutralizing scheme, and by using the tube ca­
pacitances as part of the bridge circuit. This 
method has been described by Hultberg7

• 

..... 

C,c 

.---n-------------, 
I 
I 
I c 

..,.,. .. 

Fig. 27 

Single-ended plate neutralixation, basic circuit. 
See Hultberg'. 

Such a circuit is shown in Fig. 'l:l. It differs 
from the usual r-f amplifier circuit in that the 
plate by pass capacitor is returned to the screen 
side of the screen bypass capacitor, Cs, and in 
adding stray capacitance from plate to ground, 
Cp. The size of screen bypass capacitor, Cs, and 
the amount of stray capacitance in Cp are chosen 
to balance out the voltages induced in the input 

I 

I 

I 
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circuit by the internal tube capacitances plate to 
grid, Cpg, and screen to grid, Csg. 

Fig. 28 

Single-ended plete neutreliuition showing 
cepecitence bridge circuit present. 

The circuit is redrawn in Fig. 28 in tlie 
usual bridge circuit form. Balance is had when 
Cp Cpg 

Cs Cgs . 
In usual tetrode structures the ca­

pacitance from screen to grid is roughly half the 
published tube input capacitance. (The tube in­
put capacitance is mainly the sum of the capaci­
tance of the grid to scree.n and the capacitance 
grid to cathode. Since as a first guess these two 
capacitances are roughly equal, one is not far off 
in using half the listed tube input capacitance.) 

It should be noted that in all neutralizing 
capacitance bridge circuits it is assumed that the 
frequency is low enough so that inductances in 
the connecting leads and tube structures can be 
neglected. This is usually not the case in the 
VHF region, especially in single-ended tetrode 
stages where bridge circuits balance with a very 
small voltage in part of the bridge circuit. At 
VHF the small amount of voltage developed in 
the residual inductance of the screen circuit can 
be enough to accomplish neutralization in itself. 
See section D-2-b "Analysis of Neutralizing Cir­
cuits." 

D-2-a. Procedure 

The neutralizing process for tetrodes fol­
lows the standard procedure. The first step in 
rough adjustment is to break the d-c connections 
of the plate voltage and screen voltage leaving 
the r-f circuits intact. (If the d-c current path is 
not broken, some current is found to Bow in 
either one of these circuits even though their 
voltages are zero, and the presence of this cur­
rent causes the amplifier to work in the normal 

SECTION D 
manner, generating r-f power in the plate circuit. 
It will then be incorrect to adjust for zero power 
in the plate circuit.) 

As an indicator of neutralization adjust­
ment, one can use either a sensitive r-f meter 
coupled to the plate circuit or observe the reac­
tion on the grid current as the plate ciTcuit is 
tuned. When the plate circuit is tuned through 
resonance, the grid current will dip when the 
circuit is out of neutralization in the same man­
ner as it does with triode neu~ralization adjust­
ments. The neutralizing circuit is adjusted until 
the indication has been reduced to a minimum. 

For the final trimming of the neutralization 
adjustment, the stage should be returned to oper­
ating condition at reduced power similar to that 
used when testing for parasitic oscillations, or 
under the final loaded operating conditions. At 
the higher frequencies and in the VHF region, it 
w ill be found that a small additional trimming 
adjustment of the neutralizing circuit is usually 
required. When the plate circuit is tuned through 
resonance, the minimum plate current and maxi­
mum control grid cu.rrent should occur simul­
taneously. The d-c screen current should be 
maximum at the same time. 

The neutralizing procedures indicated above 
apply not only to the HF radio frequencies, but 
also apply in the VHF or UHF regions. In the 
latter cases the neutralizing circuit is different 
and the conventional cross-neutralization schemes 
will not be applicable. See below. 

Fi9 29 

Tetrode ch1r1cteriltics involved in fHdbn• 
circuit. 
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Fig. 30 

Gr•phical presentation of components of ou;tp..t 
circuit voltages in tetrode when a.If neutr4l11ed. 

D-2-b. Analysis of Ne utralizinq Circuits 

T 
E, 

Careful analysis of the feedback circuits of 
tetrodes in the VHF region has been made' and 
the basic concepts follow. In Fig. 29 the tetrode 
circuit elements involved in the feedback circuits 
are indicated. These circuit elements are inher­
ent and inside the vacuum enclosure of the tube, 
and involve the residual capacitance plate-to­
grid, the capacitance from plate to screen, the 
capacitance from screen to grid, and the induct­
ance of the screen lead to the tube. It will be 
noted that the r-f voltage developed in the plate 
circuit Ep causes a current I to flow through the 
plate to screen Cps, and the inductance L in the 
screen leads. The passage of this current through 
the inductance L develops a voltage -E which has 
a polarit.y opposite to that of the plate voltage 
Ep. 

In Fig. 30 these same circuit elements and 
voltages have been arranged with a graphical 
representation where the height above or below 
the zero line represents magnitude and polarity 
of the r-f voltage of that part of the circuit with 
respect to zero or filament voltage. Because all of 
the circuit components involved are pure reac­
tances, the voltages are either in phase or out of 
phase and so can be represented as positive and 
negative with respect to each other. The voltages 
plotted are the components only of the r~f out­
put circuit voltage Ep and no attempt is made to 
show the normal driving voltage on the grid. The 
plate "P" is shown at a high positive potential 
above zero and the magnitude is represented by 
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the distance above the zero line as shown by the 
dimension Ep. The voltage developed in the 
screen lead inductance places the screen at a 
negative voltage with respect to the plate voltage. 
The screen of the tube "S" is shown to be below 
the filament line, or negative, by the amount -E. 
If the circuit were perfectly neutralized, the con­
trol grid "G" would lie on the zero potential line 
or at filament potential insofar as any action of 
the r-f plate voltage "Ep" on the input circuit is 
concerned. If there is no component of output 
voltage developed between grid and filament, the 
circuit is neutralized. 

The total r -f voltage between plate and 
screen comprises plate voltage Ep and screen lead 
inductance voltage -E. This total voltage is ap­
plied across a potential divider consisting of the 
capacitance plate to grid, Cpg, in series with the 
capacitance grid to screen, Cgs. When this po­
tential divider is suitably matched to the magni­
tudes of the voltage Ep and screen lead voltage 
-E, the control grid will have no voltage differ­
ence to filament as a result of the output circuit 
voltage Ep. 

It should be noted in Fig. 30 that the poten­
tial dividing action between capacitances plate­
to-grid, Cpg, and grid-to-screen, Cgs, will not 
be affected by the operating frequency. It should 
be noted also that the division of voltage between 
plate and screen and screen and ground due to 
the charging current, I, will vary greatly with 
frequency. There will, therefore, be some part­
icular frequency at which this potential dividing 
circuit places the grid at filament potential as far 
as the plate circuit action is concerned, and this 
is called the self neutralizing frequency of the 
tetrode. At this particular frequency the tetrode 
is inherently neutralized due to the circuit ele­
ments within the tube structure and any external 
added screen lead inductance to ground. Typical 
self neutralizing frequencies with normal screen 
by-passing circuits are as follows: 

Approximate Self Neutralizing Frequencies of 
Tetrodes 

4-lOOOA 
4-400A 
4-250A 
4X500F 
4-125A 
4-65A 
4X150A 
4X150G 
4X500A 

25 to 30Mc. 
45Mc. 
45Mc. 

75 to 90Mc. 
75 to 90 Mc. 
80 to 120Mc. 

} 
apparently above the 

useful range of the tube. 
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Fig. 31 

Components of output voltage of a tetrode when 
neutralized by added sari .. screen-lead 

capacitance. 

-E 
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When the tube is operated below the self 
neutralizing frequency, the normal cross neutral­
izing circuits apply. In this case a neutralizing 
capacitor approximately equal to the plate grid 
capacitance of the tube brings voltage of oppo­
site polarity from the output circuit to the grid 
or from the input circuit to the plate. 

If the operating frequency is higher than the 
self neutralizing frequency of the tetrode, the 
voltage -E developed in the screen grid lead in­
ductance is too large to give the proper voltage 
division between the internal capacitances of the 
tube. One obvious method of reducing the volt­
age in the screen lead reactance is to series tune 
the screen lead to ground so as to lower the total 
reactance. This takes the form of a series vari­
able capacitor as shown in the graphical repre­
sentation in Fig. 31. 

Another method would be to change the 
potential divider network made up of the tube 
capacitances. This could be done by adding 
capacitance external to the tube between grid 
and plate. The method is shown in Fig. 32. This 
added capacitance plate-to-grid is on the same 
order of size as the residual grid plate capaci­
tance of the tetrode and hence is similar in con­
struction to the neutralizing capacitance used 
at lower frequency. However, in this case the 
small wire or rod standing up beside the tube 
"looking" at the plate (and so forming a neutral-
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Fig. 32 

Components c>f output voltage of a tetrode when 
neutralizedl by added external grid-to-plate 

capacitance. 

1zmg capacitoir) is connected to the grid of the 
tube rather than to an opposite polarity in the 
input circuit. 

If the r-f power amplifier, operating above the 
self neutralizing frequency of the tube, must 
tune over a range of frequencies, it is probably 
easier to use 'the screen series tuning capacitor 
method and make this _control available to the 
operator. If 01peration is desired over a range of 
frequencies in.eluding the self neutralizing fre­
quency of the tube, this circuit is also desirable 
because the incidental lead inductance in the 
variable tunin1g capacitor lowers the self neutral­
izing frequency of the circuit so that the neutral­
izing series capacitor can be made to operate 
over the total desired frequency range. Obvi­
ously, if the range is too great, switching of neu­
tralizing circuits will be required. Usually, a 
small 50 or 100 mmfd variable capacitor in the 
screen lead bins been found satisfactory. 

D-2-c. Self-Neuh'alization of the VHF Parasitic 

Another :method of changing the self neu­
tralizing freq1.1ency of a tetrode is had when 
using the general bypassing arrangement of 
screen and filament shown in Fig. 23. The screen 
lead is bypasised with minimum inductance to 
the filament tcerminal of the tube. Some induct­
ance is introduced in the common filament and 
screen grounding lead. 
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+ p 
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Fig. 33 

Components of output voltage of • tetrode neu­
tralized by adding inductance common to screen 

and cathode return. 

The circuit arrangement is plotted with 
components of plate voltage in Fig. 33. The grid 
is shown below the zero voltage or chassis poten­
tial, indicating that the voltage developed in the 
total screen lead inductance to chassis is excess­
ive. If now the filament is tapped up on this in­
ductance, a point can be found where the voltage 
difference between grid and filament is zero as 
far as the components of plate voltage are con­
cerned. The arrangement will be found to self 
neutralize at a higher frequency than if the fila­
ment and screen were separately bypassed to 
chassis. 

It has been found in tubes, such as the 
4-65A, 4-125A, 4-250A, 4-400A and 4-lOOOA, 
that the usual VHF parasitic is higher in fre­
quency than the normal self neutralizing fre­
quency of the tube. Thus, by increasing the self 
neutralizing frequency of the tube and screen by­
pass arrangement, the tendency of the VHF par­
asitic to occur is reduced. 

If now the frequency of the VHF parasitic 
is reduced by increasing the inductance of the 
plate lead (presuming this is the principle fre­
quency defining circuit), it can be made to ap­
proach the self neutralizing frequency of the tube 
and so suppress the parasitic. 

I t is interesting to note that the later addi­
tion of cross-neutralization for the fundamenal 
HF or LF frequency should not disturb this VHF 
neutralization provided the fundamental neutral­
izing circuit involves only voltages of the lower 
or fundamental frequency. 

In its purest form this might mean having 
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zero impedance for the VHF parasitic frequency 
between the point in the grid circuit where the 
neutralizing capacitor is connected and the 
chassis. 

D-3. Property AdfustfllCJ Excitation and LoaclillCJ 

In adjusting an r-f amplifier for proper ex­
citation and proper loading, it will be noticed 
that the procedure is different, depending upon 
whether the screen voltage is taken from a fixed 
supply or a dropping resistor supply with poor 
regulation. 

In the case where both the screen supply and 
grid bias are from fixed sources with good regu­
lation, the plate current is almost entirely con­
trolled by the r-f excitation. One should first 
vary the excitation until the desired plate cur­
rent flows. The loading is then varied until the 
maximum power output is obtained. Following 
these adjustments the excitation is then trimmed 
along with the loading until the desired control 
grid, and screen grid currents are had. 

In the case of an r-f amplifier where both 
the screen and grid bias are taken from sources 
with poor regulation, the stage will handle very 
much like the triode r-f power amplifier. The 
plate current will be adjusted principally by 
varying the loading, and the excitation will be 
trimmed to give the desired control grid current. 
In this case the screen current will be almost 
entirely set by the choice of the dropping re­
sistor. It will be found t hat excitation and load­
ing will vary the screen voltage considerably and 
these should be trimmed to give about the nor­
mal screen voltage. 

D-4. OperatfllCJ YoltaCJes and Currents for 
Various ApplicatioM 
Probably the simplest way to get an idea of 

the cap~bilities of the tube, and the voltages and 
currents to be used on the various electrodes, is 
to refer to the technical data sheet for that tube 
type. A number of typical operating conditions 
are given for various classes of service. A great 
many other operating conditions are possible, 
but these particular ones are usually selected to 
show the maximum capabilities of the tube for 
different plate voltages. At no time should the 
maximum ratings for that class of service be 
exceeded. 

As long as none of the maximum ratings of 
the tube are exceeded, a wide choice of voltages 
on the plate, screen, or grid, and a wide range of 
plate current values is available. In general it 
will be found that for efficient operation the 
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ratios of d-c grid current, d-c screen current, d-c 
plate current should be kept somewhere near the 
ratios indicated on the data sheet. Thus, if ½ or 
% of the indicated plate current is to be used, 
the d-c grid current and d-c screen current 
should be approximately ½ or % of the values 
indicated on the data sheet. 

For those interested in estimating tube per­
formance from the characteristic curves of the 
tube, two application bulletins are avaliable9 10

• 

These application bulletins describe simple 
means of calculating or estimating from charac­
teristic curves the performance of tubes as class­
C r-f amplifiers. 

In referring to the characteristic curves of 
a tube, it should be recognized that these curves 
are typical of a normal tube. As in all manufac­
tured products, some tolerance is allowed. In 
general, the currents indicated will be within 
plus or minus 10% of the values shown. 

D-5. Effect of Different Screen VoltacJes 

Typical operating values for a tetrode for 
a particular value of screen voltage are given on 
the published data sheet. The screen voltage is 
not critical and the value used has been chosen 
as a convenient value consistent with low driv­
ing power and reasonable screen dissipation. If 
lower values of screen voltage are used, more 
driving power will be required on the· grid to 
obtain the same plate current. If higher values 
of screen voltage are used less driving power 
will be required. Thus, high power gain 
can be had provided the circuit has adequate 
stability. Care should be observed that the screen 
dissipation limit is not exceeded. The value of 
screen voltage can be chosen to suit available 
power supplies or amplifier conditions. 

For a method of altering the coordinate and 
curve scales of the tube curves to obtain a set of 
curves for another screen voltage, see page 5 of 
the Eimac 4-65A Technical Data Sheet11 • 

D-6. Balance of Push-Pull Amplifiers 

In a push-pull r-f amplifier lack of balance 
of plate circuit or plate dissipation is usually due 
to lack of symmetry in the r-f circuit. Normally, 
the tetrodes are similar enough that such un­
balance is not associated with the tube and its 
characteristics. This point can readily be checked 
by interchanging the tubes in the sockets {pro­
vided both tubes have the d-c voltages to plate, 
screen, and grid in common) and seeing whether 
the unbalanced condition remains with the socket 
location or moves with the tubes. If it remains 
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with the socket location, the circuit requires ad­
justment. If appreciable unbalance is associated 
with the tubes, it is possible that one tube is not 
normal and should be investigated further. 

The basic indicators of balance are the plate 
current per tube and the plate dissipation of 
each tube. It is assumed that the circuit 
applies the same d-c plate voltage, d-c screen 
voltage, and d-c grid bias to each tube from com­
mon supplies. Also, it is assumed that the plate 
circuit is mechanically and electrically symmet­
rical or approximately so to begin with. 

Unbalance in a push-pull r-f amplifier is 
usually caused by unequal r-f voltages applied to 
the grids of the tubes, or by the r-f plate circuit 
applying unequal r-f voltages to the plates of the 
tubes. The r-f grid excitation should first be 
balanced until equal d-c plate currents Bow in 
each tube. Then the r-f plate circuit should be 
balanced until equal plate dissipation appears 
on each tube. 

The balance of plate current is a more im­
portant criterion than equality of screen current 
or grid current. This results from the fact that 
tubes are more uniform in the plate current 
characteristics, and also that the screen current 
is very sensitive to lack of voltage balance in 
the r-f plate circuit. 

Once the d-c plate currents per tube have 
been made equal by adjusting the r-f grid cir­
cuit, the r-f plate circuit can be adjusted to give 
equal plate dissipations, as noted. Or, if the 
tubes have equal screen current characteristics, 
the r-f plate circuit could be balanced until equal 
screen currents result. If the tubes differ some­
what in screen current characteristics, and the 
circuit has common d-c supply voltages, the final 
trimming of the plate circuit balance could be 
made by interchanging tubes and adjusting the 
circuit to give the same screen current for each 
tube regardless of its location. 

It should be noted that the d-c grid current 
has not been used as an indicator of balance of 
the r-f power amplifier. It is probable that after 
following the above procedure the grid currents 
will be fairly well balanced, but in itself it is not 
a safe indicator of balance of grid excitation. 

In audio power amplifiers operating in 
Class-AB1 or Class-AB2, the idle d-c plate current 
per tube should be balanced by separate bias ad­
justments for each tube. In many cases some 
lack of balance of the plate currents will have 
negligible effect on the overall performance of 
the amplifier. 
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When tubes are operating in the idle posi­

tion close to cut-off, operation is in a region 
where the plate current cannot be held to a close 
percentage tolerance. At this point the action of 
the positive screen and plate voltages is in 
delicate balance with the opposing negative grid 
voltage. The state of balance is indicated by the 
plate current. Very minor variations of indi­
vidual grid wires or diameter of grid wires upset 
the balance, and it is practically impossible to 
control such minor variations in manufacture. 
In many audio amplifier applications, especially 
where the larger power tetrodes are used, the 
circuit should be designed to permit the bias to 
be adjusted individually on the tubes. 

D-7. Harmonic Amplifiers and Control 
of Harmonics 

The use of power tetrodes to give good effi­
ciency in harmonic amplifiers and to control the 
presence of unwanted harmonics in the output 
circuit is inherently sound. Because of the shield­
ing built into the tetrode, the coupling between 
the output and input circuits ( and the input and 
output circuits) has been reduced to a negligibly 
small value. (To estimate harmonic amplifier 
performance see Brown 12 and the Eimac applica­
tion bulletin "Tube Performance Computor"10

.) 

A pulse of plate current delivered by the 
tube to the output circuit contains energy on 
the fundamental and most harmonic frequencies. 
The output plate circuit resonance, coupling, and 
shielding must be designed to select the desired 
frequency and avoid radiation of the undesired 
frequencies. 

It is not generally appreciated that the pulse 
of grid current also contains energy on the har­
monic frequencies and control of these harmonic 
energies may be quite important. The ability of 
the tetrode to isolate the output circuit from the 
input circuit over a very wide range of frequen­
cies is important in avoiding feed-through of 
harmonic voltages from the grid circuit. An im­
portant part of this shielding is the fact that 
properly designed tetrodes permit the construc­
tion of complete shielding in the amplifier layout 
so that coupling external to the tube is also 
prevented. 

It has been found that the plate circuit effi­
ciency of tetrode harmonic amplifiers is quite 
high. In triode amplifiers, if feed-back of the 
output harmonic frequency occurs, the phase of 
the voltage fed back is usually such' as to reduce 
the harmonic content of the plate pulse, and 
thereby lower the plate circuit efficiency. Since 
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tetrodes have negligible feedback, the efficiency 
of a harmonic amplifier is usually up to expected 
efficiencies. 

Also, the high amplification factor of a tet­
rode causes the plate voltage to have little effect 
on the flow of plate current, and it is easier to 
obtain plate pulses with high harmonic energies 
without using excessive grid basis. A well de­
signed tetrode also permits large r-f voltages to 
be developed in the plate circuit while still pass­
ing high peaks of plate current in the r-f pulse. 
These two factors help further to increase the 
plate efficiency. 

In r-f amplifiers operating either on the 
fundamental or a desired harmonic frequency, 
the control of unwanted harmonics is very im­
portant. The subject is well covered in the litera­
ture discussing the reduction of interference with 
television receivers. The following steps permit 
reduction of the unwanted harmonic energies 
present in the output circuit: 

1. The circuit impedance between plate and 
cathode should be very low for the high 
harmonic frequencies. Usually this is ob­
tained by having some or all of the tun­
ing capacitance of the resonant circuit 
close to the tube. 

2. Complete shielding of the output com­
partment. 

3 . . The use of inductive output coupling 
from the resonant plate circuit and pos­
sibly a capacitive or Faraday shield be­
tween the coupling coil and the tank coil, 
or a high frequency attenuating circuit 
such as a pi, or pi-L net. 

4. The use of low pass filters for all supply 
leads and wires coming into the output 
and input compartments. 

5. The use of resonant traps for particular 
frequencies. 

D-8. Drivin9 Power Requirements 

The technical data sheet for a particular tube 
gives the approximate driving power required. 
For radio frequencies below the VHF region, the 
driving powers are obtained by calculation and 
confirmed by direct tests. The listed driving 
power gives the total power taken by the tube 
grid and the bias circuit. This driving power 
figure does not allow for losses in the r-f resonant 
circuit since such losses depend principally on 
the design of that circuit. The circuit losses can 
be kept to a low value by proper design. Some 
allowance for them must be made, however, in 
determining the total driving power to be sup­
plied by the driver stage. 
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In the case of tetrodes operating in the VHF 
and UHF region, the approximate driving power 
given under typical operation on the data sheets 
is obtained by direct measurement in operating 
equipment. Because it is impossible to separate 
the circuit action and the tube action, the driving 
power listed is the total power taken by the tube 
and a practical amplifier circuit. 

The total driving power required from the 
exciter stage in the VHF and UHF region is pre­
sumably composed of the following: 

1. The power taken by the grid itself and 
the bias circuit (which is equal to that 
for the same grid voltages and current 
acting in a low frequency circuit). 

2. The resistance losses caused by the r-f 
charging currents passing through the 
leads of the tube into the tube capaci­
tances. 

3. Power fed through to the output circuit 
and power dissipated on plate and screen 
due to the presence of cathode lead 
inductance. 

4. Excess energies taken on by the space 
current electrons within the tube due to 
the rapidly varying grid voltage. Some 
of this excess energy shows up in bom­
bardment of the cathode and general 
tube structure. 

5. Some dielectric loss in the insulating 
material of the tube envelope. 

6. Losses in the r-f grid circuit and a por­
tion of the input line coupled to the driv­
ing circuit. 

The total driving power in the VHF and 
UHF region is often greater than the grid dissi­
pation capability of the tube. As indicated above, 
the portion of the driving power which appears 
as grid dissipation can be calculated in the nor­
mal manner' 3 (d-c grid current times the peak 
positive grid voltage). 

D-9. 

SECTION D-E 
VHF and IIHF Operathtg Condition for 
Satisfactory Plate Effideacy allCI Ml• lm .... 
Drive. 

When operating a tube in the VHF and UHF 
region the driving power can usually be mini­
mized without appreciably affecting the plate 
conversion efficiency, by the following steps: 

1. A minimum d-c control grid bias should 
be used. Frequently, it is advisable to 
bring ilhis down to approximately cut­
off. 

2. A high value of d-c screen voltage is ad­
visable even though it appears to in­
crease the fraction of the cycle during 
which ;plate current flows. 

3. Using the minimum r-f excitation vol~ 
age necessary to obtain plate circuit per­
formaIJtce, even though the d-c grid cur­
rent i1s considerably lower than one 
would expect at lower frequencies. 

4. The ca·thode lead inductance common to 
the ou1tput and input circuits should be 
kept to, a low value. 

It is found! that the choice of driving condi­
tions as indicat;ed above does not necessarily de­
crease the plat:e efficiency as much as at -lower 
radio frequenc:ies. The steps indicated above 
should be trii~ experimentally to determine 
whether or not: the plate circuit efficiency is ap­
preciably effected. As will be indicated below 
under section E-3, it is preferable to sacrifice 
plate efficiency' somewhat and improve the life 
expectancy of the tube in the VHF and UHF 
region. 

It has also been observed that optimum out­
put power at tlbese frequencies is obtained when 
the loading is ~ireater than would be used at low­
er frequencies. Apparently the use of lower r-f 
voltage in the ]plate circuit is desirable. Fortun­
ately, this sami~ condition reduces driving power 
and screen cunent and, as will be noted later, 
improves life expectancy. 

LIFE 
E-1. Maximum Tube Ratings. 

The technical data sheet for each tube type 
gives the basic maximum ratings for each class 
of service. Also on the technical data sheet will 
be found references to cooling air and maximum 
temperature, and mechanical considerations as 
they may affect life. Careful observance of the 
information on the data sheet will avoid damage 
to the tube and shortening of its useful life. A 

reprint on Vac:uum Tube Ratings is available13
• 

In generall, the tube ratings are so chosen 
that operation within the ratings will give a 
minimum of 1000 hours of guaranteed life. The 
typical life expectancy is therefore considerably 
greater and will depend upon a great many fac­
tors, some of which are discussed below. In 
general, opera1(ion below the maximum ratings 
will increase the life expectancy of the tube. This 
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is especially true with reduction in the plate dis­
sipation of the tube. Very roughly speaking, the 
life expectancy will go up directly as the plate 
dissipation and total watts being handled by the 
tube go down. 

If tubes are to be used in pulse service with 
short pulses and appreciable off-time between 
pulses, the tube ratings are quite different. For 
information and assistance on pulse application 
write to the Field Engineering Department of 
Eitel-McCullough, Inc., San Bruno, California, or 
refer to Application Bulletin No. 3 "Pulse Serv­
ice Notes"14

• 

E-2. CooHIICJ 

Adequate cooling of the tube envelope and 
metal-to-glass seals is one of the principle factors 
affecting tube life. Deteriorating effects increase 
directly with the temperature of the tube envel­
ope and seals. The technical data sheet for the 
particular tube type should be studied thor­
oughly with reference to the air cooling require­
ments. Even if no air cooling is specified, ample 
free space for circulation of air around the tube 
is required or else some air must be forced past 
the tube. 

Excess cooling air will have only beneficial 
results and inadequate cooling air is almost cer­
tain to invite premature failure of the tube. 

Tubes operated in the VHF and UHF region 
are inherently subjected to greater heating action 
than tubes operated at lower frequencies. This 
results directly from the flow of larger r-f charg­
ing currents into the tube capacitances, dielectric 
losses, and a tendency for electrons to bombard 
parts of the tube structure other than the normal 
grid and plate. See section E-3 for a discussion 
of "VHF and UHF Life Considerations." Greater 
cooling air is therefore required at these higher 
frequencies. For tubes designed to operate in the 
VHF and UHF region, such as the Eimac tet­
rodes, the cooling air is specified for the normal 
top frequencies of the tube. 

E-3. VHF and UHF Life Considerations 

A tube designed for VHF and UHF work 
must have very small size if practical resonant 
circuits are to be built around them. Further­
more, these tubes operate less efficiently and 
have much greater incidental losses than at 
lower frequency. For these reasons, the power 
which must be dissipated from the electrodes 
and tube envelope seals is very much greater per 
unit of area than for tubes designed solely for 
low frequency. 
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If the tubes are to become a part of a VHF 
line circuit or cavity UHF circu it, the inductance A "'-
associated with the electrode supports and leads W 
must be reduced to a very small value. In the 
case of the 4X150A, 4Xl50G, and 4X500A, some 
of the electrode leads and supports take the form 
of large su rfaces, conical or cylindrical in shape, 
and extremely short. This means that the 
amount of heat conducted out through the metal­
to-glass seals is greatly increased. It also means 
that the terminal connections of the tube are 
large surfaces with relatively thin walls. 

The mechanical layout of sockets, connec­
tions, and circuits close to the tube must allow 
ample cooling air to be blown against the tube 
seals and surfaces. Also ample contacting surface 
to carry the heavy radio frequency charging cur­
rents must be provided. Since these two require­
ments may tend to con8ict, considerable thought 
must be given to an adequate layout. 

E-3-a. Connectors 

Where the tube terminals are large cylindri-
cal surfaces, the contacting portions of the socket 
are either spring collets or a multiplicity of 
spring fingers. Usually these multiple contacting 
surfaces are made of beryllium copper to pre- a , 
serve the spring tension at the relatiye high W, 
temperatures present on tube terminals and are 
silver plated to reduce r-f resistance. 

Rigid clamping connectors should be avoided 
even though the radius of the curvature seems to 
be close to that of the cylindrical contacting sur­
face of the tube. It has been found that such 
rigid clamping connectors will distort the tube 
terminal and fracture the adjacent metal-to-glass 
seal. Similarly set screw connecting devices are 
questionable on large cylindrical tube terminals 
unless they act to distribute the pressure uni­
formly and without any distorting effects. 

If the connectors fail to provide multiple 
contacts to the cylindrical tube seals, concentra­
tion of r-f charging current will result and the 
overheating may be destructive. Once the con­
nector loses its spring action the heating is 
aggravated and damage to the tube is very apt to 
occur. All tube connectors should be inspected 
and serviced regularly to be sure that uniform, 
good contact to the tube results. 

E-3-b. Tube Temperatures 

Forced air cooling of the seals and tube 
envelope, as well as of an external anode, is im­
perative. Both air flow and maximum tempera­
tures are given on the data sheets and both 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

should be measured to be certain that ample air 
and cooling results. The problem of making 
temperature measurements under these condi­
tions is severe. The most practical technique has 
been to use a very light spray of very thin tem­
perature indicating paint, such as Tempilaq­
made by the Tempil Corporation, 132 West 22nd 
Street, New York 11, N. Y. By using an ex­
tremely thin spray and not covering solidly, a 
temperature gradient across the indicating paint 
due to the action of the cooling air will be 
avoided. For further discussion see Eimac appli­
cation bulletin•& on the subject. 

E-3-c. Backheoting by Electrons 

I 

I 

Another action involving the motion of 
electrons within the tube is present at VHF and 
UHF and has been commonly referred to as back­
heating of the cathode. Due to the fact that the 
time of flight of the electrons from the cathode 
through the grid structure to the plate becomes 
an appreciable part of the cycle, the electrons 
can be stopped in flight and turned back by the 
rapidly changing grid voltage. Under these con­
ditions the electrons are turned back or deflected 
from their normal paths and given excess energy 
with which the electrons bombard the cathode 
and other portions of the tube structure. This 
effect can be greatly aggravated by the choice 
of operating conditions to the extent that very 
destructive effects occur. The tube can even be 
destroyed within a few minutes under severe 
conditions. 

Fortunately, the conditions which tend to 
minimize this back-bombardment by electrons 
are the same as those giving minimum driving 
conditions as discussed under "VHF Operating 
Conditions" section D-9. The tendency for elec­
trons to be turned back in Bight is reduced by the 
use of the lowest possible r-f grid voltage on the 
tube. This is obtained by using the lowest pos­
sible d-c grid bias. In tetrodes this effect is in­
herently much lower because of the action of the 
d-c accelerating voltage on the screen of the 
tube. The d-c screen voltage acts to continue 
accelerating the electrons toward the anode, and 
also inherently permits the use of very much 
smaller grid voltages. Consequently, under 
favorable conditions the number of electrons 
turned back to heat the cathode and tube struc­
ture can be kept to a practical low level. In addi­
tion to the use of low d-c grid bias, a high screen 
voltage is desirable. 

At the same time the plate circuit should 
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always operate with heavy loading (low external 
plate impedance) so that the minimum instan­
taneous value of plate voltage shall stay suffi­
ciently positive to continue accelerating electrons 
to the anode. For this reason best life is had 
when the tetrode amplifier is heavily loaded as 
indicated by having small values of d-c screen 
and d-c control grid current. 

NEVER OPERATE WITH LIGHT PLATE 
WADING. If the plate load is removed so that 
the minimum instantaneous plate voltage tends 
to fall to values around cathode potential (as it 
must do when the loading is removed completely 
and excitation is present), the number of elec­
trons turned back can be completely destructive 
to the tube. It has been found that under condi­
tions of "no loading" the electron bombardment 
of the insulating glass portion of the tube is 
often sufficient to cause a suck-in of the glass. 
Automatic protection should be installed to re­
move all voltages from the tube when the plate 
circuit loading becomes too light for the amount 
of excitation applied. 

It should be noted that parasitic oscillations 
are seldom loaded heavily, as indicated by the 
high grid currents often had during such self os­
cillation. Thus excessive r-f plate voltages are de­
veloped which at VHF can be damaging in the 
same manner as unloaded operation on a VHF 
fundamental frequency. Should such unloaded 
VHF parasitic oscillation be present simultan­
eously with apparently satisfactory operation on 
the fundamental, unexplained reduction of life 
may result. 

Occasionally, also, an output line circuit 
can resonate simultaneously to a harmonic fre­
quency as well as to the fundamental fre­
quency. The higher resonant modes of practical 
line circuits are not normally harmonically re­
lated, but sometimes the tuning curve of a mode 
will cross the fundamental tuning curve and at 
that point the circuit will build up resonant volt­
ages at both the harmonic frequency and funda­
mental frequency. The harmonic resonance is 
usually lightly loaded and the damaging action 
is similar to that of lightly loaded parasitic or 
fundamental operation. Again the operation of 
the tube and circuit on the fundamental may ap­
pear normal, but with lower than expected effi­
ciency, and damaging action to some degree can 
occur. 

In addition to operating the tube with 
minimum bias, high screen voltage, and heavy 
loading on the plate circuit, some degree of com-
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pensation for the remaining back heating of the 
cathode may be required. This can be accom­
plished by lowering the filament voltage or heat­
er voltage until the cathode operates at normal 
temperature. It has been found with tetrodes 
that by taking precautions necessary to minimize 

TECHNICAL 
The Field Engineering Department of Eitel-Mc­
Cullough, Inc., will gladly assist tube users in the 
choice of tubes and operating conditions. This is 
especially important where a prototype design of 

back bombardment by electrons the compensa­
tion for back heating of the cathode is not large 
and may often be neglected. In cases where it is 
suspected, it is advisable to discuss the subject in 
detail with the Field Engineering Department of 
Eitel-McCullough, Inc., in San Bruno, California. 

ASSISTANCE 

equipment and later manufacture is planned. 
Such assistance makes use of the accumulated 
detailed experience with the tube types involved 
and is handled confidentially and without charge. 
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d
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ec 
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d
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w
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m
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e sh
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r p
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d
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p
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e b
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e p
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H
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d
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p
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p
H
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p
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-lin
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C
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b
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H
H
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C
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p
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O
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b
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m

p
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b

ly
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n
n
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 m
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b
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p
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u
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m
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b
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p
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d
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, m
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odulators, am
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eak
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o
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d
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ly
 in excess o
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p
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 b
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ork. 
D

ata fo
r sp

ecific pulse ap
p

licatio
n

s, o
r our A

p
p

licatio
n B

ulletin N
o. 3 titled

 "P
ulse S

erv
ice N
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