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INFORMATION 

AS IT APPEARS 

IN THIS CATALOG 

IMPORTANT 

EIMAC "EXTRAS" 
APPL/CAT/ON ENGINEERING-As well as being 
available for consultation the Eimoc 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 some services extend to many countries over
seas through the Eimac export division. 

Field Engineers 
Dealers 
Price List 
Tube Type Numbering System 
Application Bulletin No. 5 
4-6SA Radial-Beam Power Tetrode 
4-125A Radial-Beam Power Tetrode 
4-250A Radial-Beam Power Tetrode 
4-400A Radia[-Beam Power Tetrode 
4- lOOOA Radial-Beam Power Tetrode 
4W20,000A Radial-Beam Power Tetrode 
4X 1 SOA Radial-Beam Power Tetrode 
4X1SOG Radial-Beam Power Tetrode 
4XSOOA Radial-Beam Power Tetrode 
4£27 A/ 5, 125B Radial-Beam Power Pentode 
2C39A Power Triode 
3X2SOOA3 Power Triode 
3X2500F3 Power Triode 
3X3000A 1 Power Triode 
3K20,000LK Power Klystron 
866A Mercury Vapor Rectifier 
872A Mercury Vapor Rectifier 
Vacuum Capacitors 
Variable Vacuum Capacitors 
Finger Stock 
HR Connectors 
Application Bulletin No. 8 
Quick Reference Catalog 



E I T E L - M c C U L L O U G H, I N c. 

Eimac 
Field 

Engineers SAN BRUNO , CAL I FORNIA 

Serving eight territories throughout the United States ore top qualified men well 
equipped for electronic factory-field liaison. A phone coll o r letter to the Eimoc 

field engineer covering your area wi II b r ing immediat e engineering assistance or 
information on deliveries and prices. These men ore in doily commu n ication wi t h 
the Eimoc factories and hove up-to- the-m inut e 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 5S12 

W. CLIF McLOUD & CO. 
5528 East Colfax Ave. 
De nver 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. 
Chicago 43, Illinois 
Phone: Cedorcrest 3-7388 

• ADOLPH SCHWARTZ 
One Exchange Place, 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. Kansas City 5, Missouri 
Phone: Westport 4660 

Export Agents 

Boston 8, Massachusetts 
Phone: Capitol 7-0050 

FRAZAR & HANSEN , LTD. 
301 Clay St. 
Son Francisco, California 
Phone: Ex brook 2-S 112 

For information concerning your electronic problems or needs solicit the services 
of these men without any obligation. 

Effective 6-5-53 • lnd,cotcs change f rom shecl doted 12-1-50 Printed in U.S.A 2- 70638 



1, Wosh•~gton 
Phone: Main 551'2 

HERB BECK(ER 
1140 Cren.sliow Blvd. 

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

Los Angele~ 19, California 
_Phone: Web\ ter 1-1257 

4550 Main St., Room 224 
Kansas City S, Missouri 
Phone: Westport 4660 

---~ --~ ✓ 

,.r.,r 
r- ..,. 

l ./ 
J. E. JOYN'E~, JR~ 
1706 South Gordon 
P. 0 . Box 341 , Station 
Atlanta, Geor,io 
Phone: Amhurl t 11 01 

I. ~' 

Export Agents: FRAZAR & HANSEN, 301 Clay Street , SAN FRANCISCO, CALIF. Phone: EXbroak 2-5112 



AD ElfflAC DEALER IS NEAR YOU 
For Your Assuronce lo Obtain the Most Modern, Guaranteed Eimoc Tubes - Purchase Only from These Authorized Distributors 

ALASKA 
Anchorage 

Alaska Rod10 Supply Inc 
Boll. 2279 

Yukon Rod,o Supply. Inc 
Box 406 

Fairbanks 
Yul,;;on Rad,o Supply, Inc 
655 6th Avt 
P O Box 1385 

Juneau 
Aloska Rodto Svpp!y, In,;. 
Bo, 2538 

ALABAMA 
Birmingham 

Ack Radio Supply Co 
2205 • 3rd Ave North 

Jomes W Clary Co 
1713 2nd Ave. Souti, 

Forbes O,~tr 1bu11119 Co inc 
2600 - 3rd Ave South 

Mobile 
Horns Supply Co 
10 North Water St 
P O Bo, 1009 

Montgomery 
Nolin-Mdnn1s 1n<: 
205 (o!Tlmerce St 
P O Box 21.19 

Southeastern Radio Ports Co. 
210 North Court St 

ARIZONA 
Phoenix 

Radio Porh of A 1z.01m 

214 South 11th A"e. 

Rod,o $pec1olt1es & Appi1once Corp 
305 E Roosevelt 

Wf'stern Rod,o & Eng,l"'eerong Co 

1915 Ea~, Washington St 

Tucson 
Hiott Elect, on,cs lf'lc 
418 Norlh ,N1 Ave 
P 0B(,x5081 

ARKANSAS 
Blytheville 

Blythev, ie Rud, Su1-1ply 
112 Soull'I First St 

Ft. Smith 
W1~e Rod10 Suppiy 
1001 Towsor Ave 

Little Rock 
Corlt¢n Wholesale Rad•o, inc 

09 West Yth S1 
P O Bo:,,: 828 

Sovlh,>rn Rad,o Suµply 
419 Marn St 

Oo,,,.,d wi,.•c Radio Suoply Cu 
1222Ma, ;, 

Texarcana 

.-er,de: Ron,o ,upply Co Inc 
57r Emt 41h 

CALIFORNIA 
Bakersfield 

Volley Rad,o Sup~'y 
716 8ake1 St 

Burbank 
Fred S. Ota•i Co 
919 North v;ctory Bivd 

Volley E!ec1ron,c Supply C('r, 

1302 W Magnolia B'.vd 

Fresno 
Joe\( C Ar b1 Jr.le 
7330 l<.ern A~e 

Glendale 
1-iogc-rty Radio Supply 
6826 So" Fe,r1ondo Rood 

Los AnQeles 
Federa•ed Purchaser. In_ \ 

911 Sovth Grand Ave 

Henry Radio 
l 240 West Olympic 

K,erulff Electromo. Inc 
810 We,1 Olymp c Blvrl 

Rod,o Product~ Sale~. Inc 
1501 South HJI St 

Rod,o Spec1oh,es Co 
1956 So Figueroa St 

Rod,o Telev,s,oo Supply Co 
341 West 18th St 

Shelley Radio Co 
2008 Westwood Blvd 

Long Beach 
Fred S Deon Co 
969 American Ave 

Lorry Lynde E1eclrorncs 
1526 Eost 4th St 

Scott Rod,o Supply, Inc 
266 Alamitos Ave 

Maywood 
K1erulff & Company 

6058 Walker Av~ 

Oakland 
W D Boll Co 
198 IOthSI 

e·,ectr1c Supply Co 
40 I ith St 

Palo Alto 
Zack Rad,o Supply Co 

225 Homiiton Ave 

Pasadena 
Dow Rod,o Supply Co. 
1759 E Colo<odo s, 
Eiectron1c Supply Corp 
2615 East Footh Blvd 

Sacramento 
E M Kemp Co 

11 'i R St 

Sacramento Electric. Supply Co 
1719 S SI 

San Bernardino 
K1erulff & Cooipar 'I 

123W Bascl,necit St 

Son Diego 
E-ectron1c EQv,prnent D,str1outor$ 
1228 2nd Avl· 

Shanks & Wright 
2045 Kettner St 

Wt'!stern Rod,a & Telev,s,on Supply Co 
1415lnd,0S1 

San Francisco 
Son Froncis<.o Radio Suppl y Co 
1 284 Moi ket St 

Zack Radio & Telev,s1on 
426 Morket St 

Son Jose 
Fronk Ovemerit 11c 

6 W Sor Fe• iondo St 

Santo Ano 
Rod, & Telev,s,on Equ,pment (..,__ 
20. Oak S• 

Sonia Barbara 
Channel Rad11 So,pply Co 

523 A,10 01 :, >t 

Stockton 
Defornoll Wholesale ( 

5 'i N Hunter St 

COLORADO 
Colorado Springs 

Mur•ay Rod,o Co 
9 East Ve 10 

Denver 
111ter State Rod,o & Supply (o 

1639 Tremonl Place 

Rod•o Proch.Jc•~ Sale~ Co. 
1237 16th S! 

l B Walker Rod,o C 
SSA Broadway 

Grand Junction 
Radio & ElectrQf'l1c Supply Co . 

511 Ui. 

Pueblo 
L. 8 Walker Radio (e, 
2 BW 8th$, 

CONNECTICUT 
Bridgeport 

Hairy of Bridgeport, Inc 
1700 Wiom St 

Hartf0<d 
Hatry of Hortfo,d, Inc 

203 Ann St 

R G Scel1 Co 
1249 Mom St 

New Britain 
Un1ted R:od,o Supply Co 

47-53 Eosl Mo1n S1 

New Haven 
Thomas H B,own Co 
15•25 Wh,tmg St 

CongreH Radio Co 

207 Congress Ave 
Dole-Connect.cut Inc 
140 Ferry St 

Hairy o f New Hoven. Inc 
77 Broodwoy 

New London 
A,~, ,s Elett•om Supply Co 
428 Bank St 

Stamford 
Hoity of Stamford. !nc 
97 Mom St 

Waterbury 
The Bond Rod,o Supply 
439W Mo,n St 

Holly of Wolerbury, Inc 
BG Cf, ... ,., St 

DELAWARE 
Wilmington 

Almo Rod,o Co 

Co, 6th Ol"d Oronge St 

Rod,o Ele-ctnc Serv,ce Co 
3rd onrl Tnt-.nU St\ 

FLORIDA 
Ft. Lauderdale 

Goddard D1slnbutors 
2113 15 South Andrews Ave 

Jacksonville 
K,nkade Radio Supply 
1402 Laurn S1 
Soulheost Avd10 Compony 
930 W Adams St 

Lakeland 
Roc,, r A, :es~or,t-\(O 
1 15,: So .tt, Fl it ,lo A,,I:' 

Miami 
Eledrc I I,. Supµly r 
61 NE 911- )t 

Hermon Rad,o Supply Co. 
1365NW ]JdS• 

Thu• ,.,. D1sli 1--i.,1ors. Inc 
2707 N E 2nd Ave 

Orlando 
Hnmm< d Adams. lnc 
9 So1..-•· Terry >t 

Pensacola 
-11 re Rad, & E:ec'ron1c Suppi1P~ 
36L- £ Wright S• 

St. Petersburg 
Ci ipei RoJ, , C 

648 Se- :and Ave So 

Tallahassee 
rh ,row D,s1r1bdors, Inc 
39 North Monroe 

Tampa 
K,nk de Rnd,o Svµply 
7( G,ond Central Ave 

~od10 Accessorie~ Co 
137 9 So Fronk 1n St 

Thvrow 01slr•bvtors, Inc 

I 34 I 36 So,th Tampa $1 

West Palm Beach 
Goddard D1str1butors, lnc 

1')9 No'11· D1x1t> 

GEORGIA 
Albany 

Spec1olty Distributing Co 
104 P,ne Ave 

Atlanta 
Spec1o lty D1stnbvt,ng Co 
425 Peachtree St. NE. 

Southeastern Radio Ports Co 
400 W Peochhee St 

The Yancey Company, Inc 
1 500 Norths1de Dnve N W 

Augusto 
Spec,01ty 0,stributmg Co 
644 Reynolds St 

Columbus 
Radio $o;es & Serv1<.e Co 

1326 fost Ave 

Macon 
Spec1o!ty D1slf1bv1,ng Co 
539 Arch St 

Savannah 
Spec1olty D1stribu11ng Co 
4 11 E. Broughlon St 

Sovtheosterr. Ro die Perts Co 
38 Monlgomery St 

HAWAII 
Honolulu, T. H. 

f'rec,s1on Radio Co 
1372-74S0 i<.1nySt 

Rod, Wholesale & Svpply Co 
P O Bo, 3768 

IDAHO 
Boise 

Craddock s Rad ,o Supply 
15'12 Staie S1 

Kopke Elt>ctromu Co 
19 Peo~ley St 

Idaho Fells 
Schwend1mof' s Wholesale 0istr,butors 
380f Str.,et 

ILLINOIS 
Belleville 

luflz Electr,c Co 
210 N orlh 11 1,no,s S1 

Chicago 
All ied Rad, Corp 
833 W Jackson Blvd 

Ch~ogo Rod,o Appora•vs Co Inc 
415 Sovth Dearborn St 

Green Mill li!od,o Suppi)' 
145 W est 11 \ff"' St 

lukko Soles Corp 
5024 ln,mg Po, o: Rd 

Nework E'ect•1c Co 
223 West Mod,son St 

Siar Electron,c D1str 1bv101\ In 
773o S<,uth Hoisted S1 

Walke, J1m,eson, fi11 
3 1 S( Jth Wuiern A~e 

Decatur 
Yoi k Rad,o Svppiy Carp 
80 ' N,l'II' Broadway 

Elgin 
Fox Electr ic Supp')' C. 
67-69 Nor•h Stotc St 

Peoria 
K!ous Rod,o & Eie-ct· c Co 
707 Mo1n St 

Quincy 
Cooper Supply '".o 

935 Moor St 

Rockford 
H & H Electro, 1c Supply, Inc 
510 K,shwoukee S1 

Ari A. Jahmon So!e~ & $(.,v,ce 
1 17 Charles St 

M1d.We~t Associated D,str1butors 

506 Wo!nvl St 

Rock Island 
Tr1•C1ty Radio Supply, Inc 
1919 4th Ave 

EIMAC TUBES ARE THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT 
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Springfield 
Harold Bruce 
120 North 1st St. 

Wilson Supply Co. 
108 W, Jefferson St. 

INDIANA 
Anderson 

Seyberts Radio Supply 
1331 MoinSt. 

Angolo 
Lokelond Rodie Supply Co. 
South West and West Pleosont Sts. 

Evansville 
Coslrup's 
1014 West fronkl,n St. 

Ohio Volley Sound Serv<ee 
11 N,W. Riverside Drive 

Wesco Rodia Ports 
428•430 Pennsylvania St. 

Fort Wayne 
Ft. Woyne Electron,cs Supply, Inc. 
223 fost Main St. 

Pembleton Loborotories 
236 East Columbi• ol Borr St. 

Warren Radio Co. 
1716 South Harrison St. 

Indianapolis 
Graham Eledronio; Supply, Inc. 
102 S, Pennsylvania St. 

Meunier Rodie Supply Co. 
524 North Illinois 

Rodie Distributing Co. 
1013 North Copital Ave. 

Lafayette 
Holmes Radio Supply Co., Inc. 
217 MoinSt. 

Muncie 
Radio Supply of Munc,e, Inc. 
305 North Modi son 

Standard Radio Ports Co., Inc 
718 South Walnut 

Peru 
Clingomon Radio 
814 Wesl Moin St. 

Richmond 
R•dio & Television D,stributmg Co 
717 South 5th St. 

South Bend 
Colfax Co., Inc. 
802 South Moin St. 

Radio Distributing Co. 
Monroe ond Correll Sts. 

Terre Haute 
Archer & Evinger 
1216WoboshAve. 

Terre Houle Rodia 
501 Ohio SI. 

IOWA 
Cedar Rapids 

Gifford Brown, Inc. 
106-108 First St. S.W. 

Council Bluffs 
World Rodia Loborotories. Inc. 
744 Wes! Broodwoy 

Davenport 
Tri-City Rodia Supply, Inc. 
320 Eost 4th St 

Des Moines 
Gifford Brown, Inc. 
1216 Grand Ave. 

Radio Trade Supply Co. 
1224 Grand Ave. 

Dubuque 
Boe Distributing Co. 
498 North Grandview Ave. 

Sioux City 
Dukes Radio Co. 
209. 6th St. 

Power City Radio Co. 
408 Jones St. 

Waterloo 
Fornsworlh Radio & Telev,s,on 
623 Jefferson St. 

Roy-Moc Radio Supply Co. 
200 Ballou St. 

KANSAS 
Pittsburg 

Pittsburg Rodia Supply 
212 South Broodwoy 

Solina 
Western Dis 1. Rodro & Supply Co. 
227 North Santo Fe 

Topeka 
Acme Rodjo Supply 
412E l0thSt. 
John A. Coste low Co., Inc. 
125 Konsos Ave. 

The Over1on Electric Co., Inc. 
522 Jock son St. 

Wichita 
Amateur Rodia Equipment Co. 
1203 East Douglas 

Interstate Electronic Supply Corp. 
230 ldo, P. 0. Box 2018 

Radio Supply Co 
1125-27 East Douglas 

KENTUCKY 
Lexington 

Electronic Distributors 
134 West 3rd St. 

Kentucky Radio Supply Co. 
376 East Main St. 

Radio Equipment Co. 
480 Ska in St 

Louisville 
P. I. Burks & Co., Inc. 
911 West Broodwoy 

Universal Radio Supply Co. 
533 South 7th St. 

LOUISIANA 
Alexandria 

Centro I Rodia Suppl)' Co. 
509 Monroe St. 

Baton Rouge 
Electronic Supply Co. 
1751-53 North 21st St. 

Lafayette 
Rolph"s Rod10 Electronic Supply 
300/ Cameron St. 

Lake Charles 
Wholesale Radio Equipment Co. 
230 Bilbao St. 

Monroe 
Hole & McNeil 
421 Walnut St 

New Orleans 
Columbia Rodm & Supply Co. 
3940 - 3rd St. 

Electronic Ports Corp 
205-207 North Brood 

Radio Paris, Inc. 
807 Howard Ave. 

Shuler Supply Co. 
415DryodesSt. 

Shreveport 
Interstate Electric Co. of Shrevep,,rt. Inc. 
630 Spring SL 
Koelemoy Soles Co. 
220 Crockett St. 

MAINE 
Auburn 

Rod;o SUpply Co., lnc. 
26CrossSt. 

Bangor 
Radio Service loborotory 
76 fachonge St. 

Portland 
Maine Electronic Supply Corp. 
148 Anderson St. 

Radio Service Loborotory 
1004 Congress St. 

MARYLAND 
Baltimore 

Henry 0. Berman Co, Inc. 
12 Eost Lombard St. 

Konn-Ellert Electronics lnc. 
9 Sou!h How• rd St. 

Radio Electric Service Co. 
5 North Howard St. 

Wholesale Radio Ports Co •. Inc. 
3311 West Baltimore St. 

Cumberland 
Z,mmerlond Wholesalers 
162 Bedford St. 

Hagerstown 
114 E. Washington St. 

Salisbury 
Almo Rod,o Co. 
219 Highland Ave. 

MASSACHUSETTS 
Boston 

DeMombro Radio Supply Co 
1111 Commonwealth Ave 

General Electric Supply Corp. 
145 Norlh Beacon 

Hotry & Young of Moss., Inc 
42-44 Cornhill 

The Louis M. Herman Co. 
885 Boylston St. 

A. W. Moyer Co. 
895 Boylston St. 

Radio Sh0ck Corp. 
167 Washington St 

Radio Wire Television, Inc. 
110 Federal St 

Brockton 
Wore Rod,o Supply Co. 
913 Center St. 

Cambridge 
The Eastern Co 
620 Memorial Drive 

Electrical Supply Corp. 
1739 Mossochusetts Ave. 

Fitchburg 
Ho try & Young of Fitchburg, Inc. 
390 Water St. 

Holyoke 
O• ke; Electnc• I Supply Co 
271 Appleton St. 

Springfoe!d Radio Co. 
93 High St 

Lowrence 
Hotry & Young of Lawrence, Inc. 
262 Lowell St. 

New Bedford 
C. E. Beckman Co. 
11 Commercial St. 

Pittsfield 
Pittsfield Rodia Co. 
41 West St. 

Springfield 
T F. Cushing 
349 Worthington St. 

Hairy & Young of Springfield, Inc. 
169 Spring St. 

Rigo Electrical Corp. 
376 Worthington St. 

Soundco Electronic Supply Co. 
147 Dwight St. 

Springfield Radio Co. 
405 Dwight St. 

Westinghouse Electric Supply Co. 
46 Hampden St. 

Worcester 
DeMombro Rod,o Supply Co., Inc:. 
222 Summer St. 

Radio Electronic Sales Co. 
52 Chandler St 
Radio Maintenonc:e Supply Co. 
80ThomosSt. 

MICHIGAN 
Ann Arbor 

Purchase Radio & Camero Shop 
605 Church St. 

Wedemeyer Electronic Supply Co. 
215 North 4th Ave. 

Battle Creek 
Electronic Supply Corp. 
94 Hamblin Ave. 

Bay City 
Kinde Distributing Co. 
504 Wosh,ngton Ave. 

Detroit 
M. N. Duffy & Co 
2040 Grand River Ave. W. 

Radio Electronic Supply Co. 
1112 West Warren Ave. 

Radio Specialties Co 
456 ChorloUe Ave. 

Flint 
Shand Rodia Specjalties 
203 West Kearsley St. 

Grand Rapids 
Radio Electronic Supply Co. 
505 Jefferson Ave. S.E. 

Jackson 
Fulton Rodia Supply Co. 
265 West Cortland St 

Kalamazoo 
Electronic: Supply Corp. 
906 Eosl Michigan Ave. 

Rolph M. Rolston Co 
201 North Pork St 

Lansing 
Wedemeyer tlectronrc Supply Co. 
2005 Eo1t Michigan Ave. 

Larium 
Northwest Radio 

Muskegon 
Fitzpatrick Elec:tric Supply Co. 
444 Irwin Ave., Cor. Wood 

Bell-Lourim Eleclronic:s, Inc. 
1839 Peck St 

Pontiac 
Electronic Supply Co. 
248 East Pike St. 

MINNESOTA 
Duluth 

Lew Bonn Company 
228 East Superior St. 

Northwest Radio 
123 Eo;t 1st St. 

Minneapolis 
Lew Bonn Com pony 
1211 LoSolleAve. 
Electronic Center, Inc. 
107 • 3rd Ave. No. 

Northwest Radio & Electronic Supply Co. 
52South 12th St. 

Stork Radio Supply Co. 
71 Soulh 12th St. 

St. Poul 
Lew Bonn Co. 
141-147 West 7th St 

Holl Electric 
566 North Robert St. 

MISSISSIPPI 
Jackson 

Swan D,stributmg Co. Inc. 
342 N. Gollotin St . P. 0. Box 3201 

MISSOURI 
Butler 

Henry Rodia 
211 North Moin St. 

Cape Girardeau 
Suedekum Electronic Supply Co. 
902 South Sprigg St. - P.O. Box 221 

Joplin 
4-Stote Rodia & Supply Co. 
201 Main St. 

\ 



Kansas City 
Burstein-Applebee Company 
1012-14 McGee St. 

Continenlol Electric Co. 
1321 West 13th St 

Electro-Crofts 
1305 Swift, North 

Rodiolob 
1612GrondAve. 

Poplar Bluff 
Tri-Stole Rodia & Supply Co. 
118 Bartlett St. 

St. Joseph 
Acme Radio Supply 
110 North 9th St. 
St. Joseph Radio & Supply Co. 
922-24 Francis St. 

St. Louis 
Ar-Ko Engineermg, Inc. 
1319 South Vandeventer 

Wolter Ashe Rodia Co. 
1125 Pine St. 
Interstate Supply Co. 
26 South 10th St. 

Rodonics 
5040 Easton Ave. 

Yon Sickle Rodia 
1113PineSt. 

Springfield 
Horry Reed Rodia & Supply Co. 
805 Boonville Ave. 

MONTANA 
Billings 

Electronic Supply Co 
214-llthSt.West 

Butte 
Smith Supply Co. 
425 So. Arizona St. 

Great Falls 
Geo. Lindgren Co. 
P.O.Box966 

Missoula 
Northwest Distributors 
509 South Higgins Ave. 

NEBRASKA 
Lincoln 

Hicks Radio Co. 
1422 '"O" St. 

Leuck Rodia Supply 
243SouthllthSt. 

Omaha 
J.B. D,stribuling Co. 
1616CossSt. 
Omoho Appliance Co 
18th and St. Mary's 

Radio Equipment Co. 
2852 Douglas St. 

Scottsbluff 
Joaquim Radio Supply, \nc. 
1913 Broodwoy • P. 0. Bo~ 67 

NEVADA 
Reno 

Ed. Heim Radio & Electrono,cs 
1185WellsAve. 

NEW HAMPSHIRE 
Concord 

Evans Radio 
P. 0. Box 312 

Dover 
American Radio Corp. 
510 Central Ave. 

Manchester 
DeMombro Radio Supply Co. 
130BElmSt. 
Radio Service Laboratory 
670 Chestnut St. 

NEW JERSEY 
Atlantic: City 

Alma Radio Co. 
4401 Ventnor Ave 

Radio Electric Service Co. 
406 North Albany 

Camden 
Alma Rodia Co. 
1133-35-37 Haddon Ave. 
Radio Electric Service of N. J., Inc. 
513-515 Cooper St. 

Newark 
Continental Soles Co. Inc. 
Bloomfield Ave. at North 11th St. 

federated Purchc;er Carp. 
114 Hudson St. at Central Ave. 

Aaron Lippman & Co 
99-107 Newark St. 

Radio Wfre-Telev,sion, Inc. 
24 Central Ave. 

Westinghouse Electric Supply Co. 
528 Ferry St. 

New Brunswick 
William Radio Supply Co. 
1861 Woodbridge Ave., Route 43 

Trenton 
Allen and Hurley 
25 South Warren St 

NEW MEXICO 
Albuquerque 

Rodia Equipment Co. 
523 East Central Ave. 

L.B. Walker Rodia Co., Inc. 
114 West Granite Ave. 

Roswell 
Supreme Radio Supply 
129 West 2nd St. 

Santa Fe 
A-1 Communications Supply Co 
110 West Po/ace Ave. 

NEW YORK 
Albany 

Fort Orange Distributing Co. 
904 Broadway 

E. E. Taylor Co. 
465 Central Ave. 

Amsterdam 
Mirondok Radio Supply 
P. 0. Box 88 

Binghamton 
fodcrol Radio Sales & Supply Corp. 
188 State St. 

Brooklyn 
Peerless Electronics Distributors Corp. 
76 Willoughby St. 

Buffalo 
Dymac, Inc. 
2329 Moin St. 
Genesee Rodia & Ports Company 
205 Genesee St. 

Radio Equipment Corp. 
147 Genesee St 

Cortland 
C. A. Winchell Rodia Supply Co. 
37 Central Ave. 

Fredonia 
Borker-Hjgbee, !nc. 
27 Water St. 

Hempstead 
Standard Porls Corp. 
277 No. Franklin St. 

Ithaca 
Stallman of Ithaca, Inc. 
123-131 South Tioga St. 

Jamaica, L. I. 
Harrison Radio Corporation 
172-31 Hills;de Ave. 

Norman Rodia Distributors, Inc. 
94-29 Merrick Rood 

Peerless Radio Distributors, Inc. 
92-32 Merrick Rood 

Mount Vernon 
Davis Radio Distributing Co. 
66 East 3rd St. 

New York City 
Arrow Electronics Co 
82 Cortlandt St. 
Electronics Center Tnc. 
l 18 Duane St. 

Federated Purchaser 
66 Dey St. 
Grand Central Radio 
124East44thSt. 

Harrison Radio Corp. 
225 Greenwich, St. 

Horvey Radio Co. Inc. 
103WestA3rdSt. 

Hudson Radio & Television Corp 
48 West 38th St. 

Hudson Radio & Television Corp. 
212 Fulton St. 

Life Electronic Soles 
345 Broadway 

Midway Radio & Television Carp. 
60 West 451h St' 

Mi!o Radio & Electronics Carp. 
200 Greenwich St. 
Radio Wire Television, Inc. 
JOO-6th Ave. 

Sanford Electron;cs Corp. 
157 Chambers St. 
Sun Radio & Electronics Co., Inc. 
122-124 Duane St, 

Terminal Rodia Corp. 
85 Cortlandt St. 

Rochester 
Hunter Electronics 
233 East Ave. 
Mosline Rodjo & Electronic Equip. Co. 
192-196 Clinton Ave., North 

Rochester Radio Supply Co 
114 St. Paul St. 

Syracuse 
W. E. Berndt 
655 South Warren St. 

Radio Supply Co. 
200 Walton St. 

Stewart W. Smith, Inc. 
325 East Water St. 

Utica 
Beacon Electronics, Inc 
14 Catherine S!. 

Vaeth Electric Co. 
35 Genesee St. 

Watertown 
Beacon Electronics, Inc. 
108 Lincoln Bldg 

White Plains 
Westchester Electronic Supply Co. 
420 Mamoronock Ave. 

Yonkers 
Yonk(!rs Electronic Supply, Inc. 
541 Nepperhon Ave. 

NORTH CAROLINA 
Asheville 

Freck Radio & Supply Co. 
38 Biltmore Ave. 

Charlotte 
Dixie Radio Supply Co., lnc. 
715 West Morehead 
Show Distributing Co. 
205 West 1st St. 

Southern Radio Corp. 
1625 West Morehead 

Greensboro 
Johannesen Electric Co. 
312-14 North Eugene St. 

Southeastern Radio Supply Co. 
404 North Eugene St. 

Raleigh 
Radio Amateur Center 
411 Hillsboro St. 

Southeastern Radio Supply Co. 
415HillsboroSt. 

Winston-Salem 
Dalton Hege Radio Supply Co. 
924 West 4th St. 

NORTH DAKOTA 
Fargo 

Bristol Distributing Co. 
419N.P.Ave. 

Forgo Rodia Service Co. 
!,15 • 3rd Ave. North 

OHIO 
Akron 

Olson Rodia Warehouse, Inc. 
73 East Mill St. 

The Sun Radio Co. 
110 East Market St. 

Ashtabula 
Morrison"s Rodia Supply 
331 Center St. 

Canton 
Armstrong's Electronic Center 
1261 Cleveland Avenue Northwest 

Wireless Radio & Television 
117 - 12tn St., N.E. 

Cincinnati 
Chambers Electronic Supply Ca. lnc. 
1667-71 Central Parkway 

Herrlinger Distributing Co. 
15th ond Vine Sts. 

Hughes Peters, Inc. 
1128 Sycamore St, 

The Mytronic Co. 
121 West Central Parkway 

The Schuster Electric Co. 
319-21 East 8th St. 
Steinberg"s, lnc. 
633 Walnut St. 

United Radio, Inc. 
1314 Vine St. 

Cleveland 
Northern Ohio laboratories 
2073 West 85th St. 
Pioneer Radio Supply Corp. 
2115 Prospect Ave. 

The Progress Radio Supply Co 
415 Huron Road 
Radio & Electronics Part Corp. 
3235 Prospect Ave, 

Winterodio, Inc. 
1468 West 25th St. 

Columbus 
Hughes-Peters, Inc, 
111-17 East Long St. 

Thompson Radio Supplies 
182 East long St. 

Dayton 
Hughes-Peters, Inc. 
300 West 5th ct Perry 

Srepco, Inc. 
135 East 2nd St. 
Stotts-Friedman Co. 
620 South Mein St. 

East Liverpool 
D & R Radio Supply 
631 Dresdon Ave. 

Lima 
Lima Rodia Ports Co. 
600 North Moin St, 

Springfield 
Eberlie's Rodia Supply 
522 West Main St. 
Standard Rodio-Spring~eld, Inc. 
119WestMoinSI. 

Steubenville 
D & R Rodia Supply 
156South3rdSt. 

Toledo 
The H & W Auto Accessories Co. 
26NorthllthSt. 

Lifetime Electronics 
1501-05 Adorn, Sf. 

Warren Rodia Company 
1320 Madison Ave. 

Youngstown 
Radio Parts Co. 
230 Boardman St. 



---------------~·-···--------------~ 

Ross Radio Com pony 
325 West Federal St. 

M. V. Mansfield Co. 
937 Liberty Ave. 

Radio Ports Company 
6339 Penn Ave. 

Tydings Company 
5800 Bourn Blvd. 

Nashville 
Bro id Electric Co. 
l 100 Demoobrevm S.!. 
Electro Distributing Co. 
1914 West End Ave. 

West Texas Radio Supply 
1007 Avenue Q 

McAllen 
Rio Radio Supply Co. 
P. 0. Box 16B 

OKLAHOMA 
Oklahoma City 

Rodio Supply, Inc. 
724 North Hudson 

Reading TEXAS San Angelo 
Tulsa 

Electronic Supplies 
219 East 1st St. 
Industrial Electronic Supply, lnc. 
1124Eost4thSt. 

Oil Capitol Eledronics Corp. 
923 East 4th St. 

Radio, Inc. 
1000 South Main St 
S & S Rodia Supply Co. 
721 S. De!roit St. 

OREGON 
Eugene 

Carlson, Hotton & Hoy, Inc. 
96Eost10thAve. 
United Radio Supply, Inc. 
179 West 8th St. 

Medford 
'llerl G. Wolker Co. 
P.O.Box1586 

Portland 
Central Distributors 
1135 S.W. Woshington St. 

Fleming & Company 
N,W, Broodwoy ol Flanders 

Horper-Meggee Co 
1506 N.W. lrviny St. 

Lou Johnson Co., Inc. 
422 N.W, 8th Ave. 

Northwest Radio Supply Co. 
717 S,W. Ankeny St. 

George D, Barbey Co, 
2nd ond Penn Sh. 

Scranton 
Fred P. Pursell 
548.50 Wyoming Ave, 

Scranton Rodio & Television Supply Co. 
519-21 Mulberry St, 

Uniontown 
Zimmermon Wholesolers 
55 Morgantown St. 

Wilkes-Barre 
Radio Service Co. 
346 South Main St. 

Williamsport 
Williamsport Rodio Supply 
518 'M!sl 3rd St. 

York 
York Radio & Refrigeration Ports 
263 We,J Mork et St. 

RHODE ISLAND 
Providence 

Wm. Dondreto & Co. 
129 Re!)ent Av&. 

DeMombro Radio Supply Co. 
90 Broadway 
W. H. Edwards Co. 
94 Broodwoy 

SOUTH CAROLINA 
Charleston 

Pocific Sto!ionery Wholesole Radio Dept. 
414S.W.2ndAve. 

Radio Laboratories 
215 King St. 

Portland Rod;a Supply Co 
1300 West Burnside St. 

Stubbs Electric Co. 
:33 N.W. Pork Ave. 
United Radio Supply, Inc. 
22 N.W. 9th Ave. 

Salem 
Lou Johnson Company 
l0Sl South Commercial St. 

PENNSYLVANIA 
Altoona 

Hollenbo~k'~ 
2221·3•5 Eighth Ave. 

Bethlehem 
Buss Radio Electric Supply 
6\-63 Eost Brood St. 

Erie 
J. V, Duncombe Co, 
l011West81hSt. 
Warren Radio, !nc. 
12th and Slote Sts. 

Harrisburg 
Radio Distributing Co. 
915Savth 13th St. 

Philadelphia 
A. C. Radio Supply'Co. 
1539 West Possyunk Ave. 

Alma Radio Co. 
S09 Arch St. 

Almo Radio Co. 
6205 Mork et St. 

Almo Radio Co. 
412-16 North 6th St. 

Conso/idoled Radio Co. 
612 Arch St. 
Herboch & Rod em on, Inc. 
1205 Cuthbert St. 

M & H Sporting Goods Co. 
512 Market St. 
Radio El'ectric Service Co. 
N.W. Cor. 7th end Arch Sts. 

Columbia 
Dixie Radio Supply Co., Inc. 
1700 Laurel St, 

Soufheostern Radio Ports Co. 
1513ToylorSt. 

Greenville 
Dixie Radio Supply Co., Inc. 
22 South Richardson St, 

Spartanburg 
McElhenney Co., Inc. 
204 St. John St. 

SOUTH DAKOTA 
Aberdeen 

Burghardt Radio Supply 
P. 0. Box 342 

Sioux Falls 
Power City Radio Co. 
209 Soulh 1st Ave. 

Watertown 
Burghardt Radio Supply 
P.O.Box41 

TENNESSEE 
Bristol 

Roden Electricol Supply Co. 
10.4 East State St. 

ChattanoogQ 
Speciolty Distributing Co. 
135 Morket St. 

Jackson 
L. K. Rush Company 
103 Highland 

Kingsport 
Chemcity Radio & Electric Co. 
1019 Bristol Highway 

Knoxville 
Chemcity Radio & Electric Co. 
12 Emory Pork 

Radio Electric Service Co. of Penna., Inc. 
3412.J.4 Germantown Ave. 

Roden Eledricol Supply Co. 
BOB North Centro I Ave. 

Albert Steinberg & Company 
'.{520 North Brood St. 

!;,.,gene G. Wile 
'.{lB South 11th St. 

Pittsburgh 
Comerodio 
1121 Penn Ave. 

12•1-52 

Memphis 
Bluff City Distributing Co. 
905 Union Ave. 

tovender Radio Supply Co., Inc. 
180 South Cooper St. 

W & W Di1tributing Co. 
639 Modi son Ave. 

Abilene 
R & R Electronic Co. 
B02•4 Wolnut St. 

Amarillo 
R & R Eleclron;c Co. 
707 Adams St. 
West Texas Radio Supply 
1026 West 6th St. 

Austin 
The Hargis Co. 
706 West 6th St. 

Beaumont 
Montague Rodie Distributmg Co. 
760 Laurel St. 

Brownsville 
E!ec1ron•c Equipment & Engineering Co 
1152 East Mod,son St. 

Corpus Christi 

Gunter Wholesale Co. 
606 South Irving St. - P. 0. Box 1505 

San Antonio 
Amateur Heodquorters & Supply 
r. 0. Box 5086, Beccon Hill Station 

Electronics, Inc. 
616 Broodwoy 
Mission Radio, Inc 
P. 0. Box 2487 
Radio & Televi1ion Ports Co, 
1 JB.20 Seventh St. 

Rio Radio Supply Co. 
81 B Son Pedro 

Strous•Fronk Company 
301 South Flores St, 

Tyler 
Lovellder Radio Supply Co. 
502 East Oakwood 

Waco 

Electronoc Equopment & Engineering Co. 
BOS South Staples St. 

The Hargis Co., Inc. 
1205 Washington Ave. 

Wichita Falls W,ck,.DeV,lb,s, Co. 
513-15 South Stoples St. 

Dallas 
Crobtree·s Wholesale Radio 
260B Ross Ave. 

lndustriol Electronic Subply, lnc. 
134 leslie St. 

Ro-Tel, Inc. 
2409 Ross Ave. 
Southwest Rodie Supply 
1B20 North Horwood St. 

Wilkinson Bro,. 
P.O. Box 1169 

Denison 
• Denison Radio Supply 

310 West Woodard St. 

El Paso 
C. C McN,col 
Bl 1 North Estrello 

Midland Speciolty Co. 
425 West Son Antonio St. 

Reeves Radio Supply 
720 North Stonlon St. 

Fort Worth 
E!edro111c Eqv1pmenl Co. 
917-19 Florence St. 

Ft, Worth Radio Supply Co. 
1201 Commerce St. 

Scooter's Radio Supply Co. 
509 Commerce St. 
Bill Sutton's Whote,ole Electrcm,cs 
Commerce at 51h St. 

Houston 
Busacker Eleclronic ~qu,pment Co. 
1721 Wough Drive 

Electronic Ports Co. 
350B Crowford St. 

Geophysical Supply Co. 
P.O.Box2214 
Robert E. Franklin Co. 
1905 Chartres St, 

Gulf Coos! Electronics 
lll0WinbernSt. 

R. C. & L. Holl, Inc. 
1219 Caroline St. 

Harrison Equipment Co. 
1422 Son Jacinto St. 

Houston Rodie Supply Co., Inc. 
Cloy ot LoBronch 

lenert Compony 
2213 Cong,ess Ave. 

Sterling Radio Products Co. 
J.S16McKinneyAve 

Strou,.Fronk Com pony 
4000 Leeland Ave. 

LQredo 
Guorontee Radio Supply Co. 
131~ Iturbide St. 

Lubbock 
• R & R Supply Co., Inc. 
706MoinSt. 

Clark & Gose Radio Supply 
1203 lndiono Ave. 

Mooney Radio Supply Co. 
P. 0. 8ox969 

UTAH 
Ogden 

Bollard & Corter Co. 
2428 Grant Ave. 

Salt Lake City 
O'loughlin's Rod,o Supply Co 
113 Eo,t Broodwoy 

Rodie Supply Co. 
157 Motor Ave. 
S. R, Ross, lnc. 
1212 South Stote St. 

Stondord Supply Co. 
531 South State St. 

VIRGINIA 
Bristol 

Bristol RodioSupplyCorp. 
31 Moore St. 

Lynchburg 
Eostern Electnc Co. 
920 Commerce St. 

Norfolk 
Radio Equipment Co. 
B21 West 21st St, 

Radio Ports Distributing Co. 
128 West Olney Rood 

Radio Supply Co. 
711 Granby St 

Richmond 
The Arnold C0mpony 
2810West Mcmholl St. 
Radio Supply Com pony 
3302 West Br0od St. 
V\fyotl•Cornic~, Inc. 
Groce at 14th St. 

Roanoke 
H. C, Boker S{]le1 Co., Inc. 
19 fronklin Rood 

WASHINGTON 
Bellingham 

Woitkus Supply Co. 
110 Grand Ave 

Everett 
Pringle Radio Wholesale Co 
2514 Colby Ave. 

Seattle 
Alosko Radio Supply, Inc. 
1B44 Westlok~ Ave. North 

Eledroni c Su pp\ y Corp. 
6305. 491h Ave. S.W. 

Horper-Meggee, Inc. 
960 Republican St. 

Radio Product; Soles Co., !nc . 
1214 First Ave 

Seottle Radio Supply, Inc. 
2117 Second Ave. 

Western Electronic Supply Co, 
717 Dexter Ave. 

Westlake Electronic Supply 
511 Westloke Ave., North 

Herb E. Zobrist Co. 
2121 WestlokeAve. 

Spokane 
Columbia Electric & Mfg. Co. 
South 123 Woll St. 

Horper-MeggeeCo. 
North 734 Division 
Northwest Electronics Co. 
North 102 Monroe St. 

Tacoma 
C & G Radio Supply Co. 
2502-6 Jefferson Ave. 

A. T. Stewart Co. 
743 Broadway 

Walla Walla 
Kor Radio & Eled1ic Co. 
l 2tl, ond Pine Sis. 

WASHINGTON, D. C. 
Capitol Radio Wholesalers 
2120-UthSt.NW. 

Electronic Wholesalers Inc. 
2345 Sherman Ave. N.W. 

General Electric Supply Corp. 
705 Edgewood St. N.E. 

Kenyon Rodio Supply Comp,:,ny 
2020-1.olthSt N.W. 
Rucker Radio Wholesalers 
1312- Uth St. N.W. 

Southern Wholesalers, lnc. 
707 Edgewood St N,E. 

Sun Radio 
93B "F" St. N.W. 

WEST VIRGINIA 
Charleston 

Chemcity Radio & Electnc Co. 
103 Clendenin St, 

Clarksburg 
Trenton Rod,o Co. 
791 Pike St. 

Huntington 
Electronic Supply, Inc. 
42~ Eleventh St. 

King & Irwin Inc. 
316 Eleventh St. 

Morgantown 
Trenton Radio Co. 
300 Grant Ave. 

Wheeling 
Generol Electromcs Dostrobutors, Inc. 
26 Tenth St 

WISCONSIN 
Appleton 

Appleton Rod,o Supply Co. 
1217 North Richmond St, 

Volley Radio Di1tributors 
518 North Appleton St. 

Madison 
Satterfield Radio Supply 
326 West Gorham St. 

Marinette 
G. M, Popkey Co. 
Main ot 9th St. 

Milwaukee 
Centro I Radio Ports Co. 
1723 West Fond du Loe Ave. 

Elect1o•Plionce Distributors, Inc. 
2548 West Lisbon Ave. 

Radio Ports Co., Inc. 
536-38 West Stole St. 

Wausau 
Rod,o Serv,ce & Supply Co. 
6l5Third5I 

WYOMING 
Cheyenne 

Houge Radio & SupplyCo_j· . 
2008 Corey Ave. 



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 l0OTL 
3W5000A3 198.00 152TH 
3W5000F3 198.00 152TL 
3W10,000A3 957.00 250R 
3X2500A3 198.00 250TH 
3X2500F3 198.00 250TL 
3X3000Al 198.00 253 
4-65A 20.00 304TH 
4-125A 30.25 

304TL 
4-250A 41.25 
4-400A 60.50 

450TH 

4-l000A 132.00 450TL 

4E27A/5-125B 35.75 592/3-200A3 

4PR60A 90.00 750TL 

4W20,000A 1,850.00 866A 

4X150A 48.00 872A 

4X150D 48.00 1000T 

4X150G 54.00 1500T 

4X500A 121.00 2000T 
4X500F 93.50 8020 ( 100RJ 

VACUUM CAPACITORS 

TYPE PRICE TYPE 

VC6-20 $15.00 VC50-20 
VC6-32 17.25 VCS0-32 
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 W ITHOUT NOTICE 

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* 
4X1 S0A/ 4000 
4X150A/4001 
4Xl S0A/ 4006 * 
4X1 S0A/ 4010 
4X1 S0A/ 4011 

•Replacement C himneys 

PRICE 

$16.00 
12.00 

6.00 
22.50 
17.00 
7.50 

18.00 
17.50 

.60 
20.15 
19.70 

PREFORMED CONT ACT Fl NGER STOCK 

17/32" - -
31/32" - - - -
1-7/16"· • 

PRICE 

$1.65/ft. 
1.80/ft. 
2.00/ft. 

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 



I NC. 

-- c--~tilnac 
lube 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 

Mu Group 
2 Indicates Diode 

Plate 
Dissipation 

(Watts) 

1 Indicates mu from 0 to 

3 Indicates Triode 2 Indicates mu from 11 to 

10. 

20. 

4 Indicates Tetrode 

5 Indicates Pentode 

3 Indicates mu from 21 to 30. 

etc. 

Description 
*R or - Radiation cooled, internal anode. 
X External anode, air-cooled tube. 
w 
PR 

PX 

Water-cooled anode. 
Intended for pulse work, radiation cooled, 
internal anode. 
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. 

Copyright 1950 Eitel-McCullough, Inc . 

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 . ••582 



Eimac: Tube Type Numbering System for 
Velocity Modulated Tubes 

( Klystron, Travelling Wave, etc:.} 

To illustrate the method of coding and the information the type number 
conveys, the Eimae 5 kw output Klystron for the lowest third of the UHF tele
vision band, type number 3K20,000LA, is broken d own as follow5 ; 

3K20.000LA 

Number of Cavities 
This is the number of interaction 
reg.ions along the ooam. A reflex 
klyst ron would be considered to 
have one interact.ion 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. 
Sr Space Charge 

Travelling Wave Tube. 

Dissipation 
Rating 
(Watts) 

Version 
Indicates tubes which, although 
alike as to the number of inter
action regions, type, dissipation 
and frequency band, a re not nec
essarily interchangeable either 
electrically or physically. 

Frequency Band 
Predominately an !,..band tube 
Predominately an X-band tube 

etc. 

Print•d in U.S.A. 1-71531 



BULLETIN 

SAN BRUNO. CALIFORNIA 

TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS B, 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 made easily by using the 
Eimac Tube Performance Computor 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 

TIME -
1--,,"----.....,_ ___ '----->.-- ---,,<-oc GRID 

GRID VOLTAGE 
AT ANY INSTANT 

Figure 1 

BIAS 
(AVERAGE) 

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. 

;i. 
'o!----4=~--------~- -=--

Figure 3 

A SERVICE OF' THE APPLICATION ENGINEERING DEPARTMENT OF' EITEL-McCULLOUGH, INC. 

COPYRIGHT 1952, EITltL•MCCULLOUDH, INC, 



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 
the fundamental ( or principle radio frequency) 
component of plate current. If the circuit is tuned 
to a harmonic of the grid voltage frequency ( for 
ins.tance, two, or three times the frequency) the 
power delivered will be due to a harmonic compo
nent of the plate current. 

The Eimac Tube Performance Computor gives us 
the 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 operating as a 
radio frequency amplifier, and enables one to state 
wJ:\at 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 
forecast what will happen if any of the operating 
conditions are changed. 

Use of the Eimac Tube Performance Computor 

The Eimac Tube Performance Computor is a 
simple aid to enable one to select suitable 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 typical 
operating values given on the technical data sheet 
for the tube type and by general experience. Next,' 
a suitable "Operating Line" must be chosen on the 
constant current curves for the tube type ( plotted 
on grid voltage /plate voltage scales). 

The computor when properly placed over this 
operating line enables one to obtain instantaneous 
values of the currents flowing at every 15 ° of the 
electrical 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,s,4 ,5 ,s, 7 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 
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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 
characteristics 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 
Eimac 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 
dissipation 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 the 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. 



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 end 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 plate 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 is the 
"Operating Line" and shows the current and volt
age values for each part of the RF cycle when 
current is being taken from the tube. (The non
conducting half of the RF cycle would be shown 
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 "Operating Line." Place the com-
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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 that the lines OB, OC, OD, OE and OF of 
the computor all cross over the "Operating Line." 

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 
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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: 

Simplified 
Crossing of Name in Instantaneous Values of Currents 

line Formulas Plate Screen Control Grid 
OA A 500 Ma 165 Ma 60 Ma 
OB B 510 100 50 
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), ;md 
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=1.41x 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. l'n 
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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=1/2 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 w RF Output Power 

=264 - 201 =;c63 watts 
Efficiency =RF Output Power divided by. 

DC Input Power 
=201/264 =76% 

Driving Power =DC Grid CurrentxPeakRF 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 performance 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 Current 10 Ma 
Peak RF Grid 

Voltage 220 Volts 

Driving 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 
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APPLICATION BULLETIN 

EI TE :t G 1-4, I N c. 
'J'o, C.ALIFOINIA 

TUIE PEIFOIMANCI COMPUTOI 
For IF Amplifiers ( Class I. C, aN FnqNIICJ Mllltipllen) 

Use with constant current curves to obtain plate, ,rid, and ICNell current value1; alao 
output and driving power. 

DC Current (meter reading) 
Peak Fundamental RF 

1/ 12 (0.5A+B+C+D+:11:+I') 

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

1/ 12 (A+l.93B+l.73C+l.41D+B+0.52") 
1/12 (A+l.73B+C-E-l.73F) 
1/12 <A+1.41B-U1D-2E-U1F) 

Output Power=½ Peak RF plate current X Peak RF Plate Voltqe 
Driving Power=DC Grid Current X Peak RP' Grid Voltqe 

•use only for tetrodes or pentodes-Approzimate Only. 

INSTRUCTIONS 
1. Mark point of DC plate voltare and DC Grid Bias. 
2. Mark point of peak plate current in low plate volt.ace 

region. (This is about four times DC plate current). 
3. Draw strairht line between points 11elected in No. 1 & 

No. 2. This is "Operatin, Line." 
4. Place computor on curve sheet with suide Jines 

parallel to "Operatinc Line." Make 0G line of com
putor ro throurh point of Step No. 1. Make OA line 
of computor co throurh point of Step No. 2. 

5. Read current values where "Operatinr Line" Cl'OIMI 
OA. OB, OC, OD, OE, and OF. 

6. Put values in formulas u A, B, C, D, E. & F. 
For detailei instruct.ioas Ne Eimac Application Bulletin No. 5. 

LINES 

COP'YII ICI HT 19!51 , IITII. -MCCVI.LOUell, IN<:, l!"t!INTU IN U . $ . A . 
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E I T E t - M c G U L L O U G H, I N c. 
SAH BRUNO, CALIFORNIA 

The Eimac 4-65A is a small radiation-cooled transmitting tetrode having 
a maximum plate dissipat ion rating of 65 watts. The plate opera tes at a red 
color at maximum dissipation . Short, heavy leads and low interelectrode 
capacitances contribute to s table efficient operation a t high frequencies. 

Although it is capable of withstanding high pla t e voltages, the internal 
geometry of the 4-65A is such that it wil l deliver rela ti vely high power ou tput 
at a low plate voltage. 

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

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament : Thoriated tungsten 

Voltage 
Current 

4-65A 
RADIAL-BEAM 

POWER TETRODE 
MODULATOR 
OSCILLATOR 
AMPLIFIER 

6.0 volts 
3.5 amperes 

Grid -Sc reen Amplification Fac tor !Average ) 5 

Direct lnterelectrode Ca paci tances (Average) 
Gr id-Plate 
Input 
Output 

T ransconductance ( ib = 125 ma ., Eb = 500 v., Ee,= 250 v. l 
Frequency for Maxi mum Ratings 

MECHANICAL 
• Base 

Mounting 

Cooling 

Maxi mum Overall Dimensions 
Length 
Diameter 

Net Weight 

Sh ipping Weight (Average) 

0.08 /C/J.fd 
8.0 1-'itfd 
2. l 1, 1, fd 

4000 1-'m hos 
150Mc. 

. . { National HX-29 Socket 
- 5-pin-F, t s Johnson 122-1 01 Socket 

Vertical, base down or up 

Convection and Radiation 

4 .38 inches 
2 .38 inc hes 

3 ounces 

15 pounds 

IF' I T I S DESIRED TO OPERATE THIS TUBE UNDER CONDIT IONS WIDE L Y D I FFERENT THAN THOSE GIVEN UNDER 
. TYPIC AL OPERATION," POSSIBLY EXC E EDI NG MAXIMUM RAT I NGS. WRITE EITEL -M CCU LLOUGH . INC .. F'OR INFORMATION 
AND RECOM M ENDATIONS. 

( Ellcctivc 1-30-53 ) Copyrigh t 1953 by Eitel-McCullough , Inc. • Indicates change from sheet dated 8-15-51 
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RADIO-FREQUENCY POWER AMPLIFIER 
AND ·osCILLATOR 
Class-C Telegraphy or FM Telephony 

MAXIMUM RATINGS (Key-down conditions, per tube) 

D-C PLATE VOLTAGE 3000 MAX. VOLTS 
D-C SCREEN VOLTAGE 400 MAX. VOLTS 
D-C GRID VOLTAGE -500 MAX. VOLTS 
D-C PLATE CURRENT 150 MAX. MA 
PLATE DISSIPATION 65 MAX. WATTS 
SCREEN DISSIPATION 10 MAX. WATTS 
GRID DISSIPATION 5 MAX. WATTS 

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

- 2500 MAX. VOLTS 
400 MAX. VOLTS 

- -500 MAX. VOLTS 
120 MAX. MA 
45 MAX. WATTS 
10 MAX. WATTS 
5 MAX. WATTS 

TYPICAL OPERATION 

D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak R-F Grid Input Voltage 

{approx.) 
Driving Power (approx.) 
Screen Dissipation 
Plate Power Input 
Plate Dissipation -
Plate Power Output 

TYPICAL OPERATION 

D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Screen Dissipation 
Grid Dissipation -
Peak A-F Screen Voltage, 100% 

Modulation 
Peak R-F Grid Input Voltage 

(approx.} 
Driving Power (approx.) 
Plate Power Input 
Plate Dissipation -
Plate Power Output 

- 600 1000 1500 2000 3000 volts 

- 250 250 250 250 250 volts 
- -50 -70 -75 -80 -90 volts 

140 150 150 150 115 ma 
40 40 35 30 20 ma 
13 15 14 12 10 ma 

145 170 180 175 170 volts 
1.9 2.5 2.5 2.1 1.7 watts 
10 10 9 8 5 watts 
84 150 225 300 345 watts 
30 45 55 65 65 watts 
54 105 170 235 280 watts 

- 600 1000 1500 2000 2500 volts 
- 250 250 250 250 250 volts 
--100 -110 -125 -125 -150 volts 

117 120 120 120 108 mo 
40 40 35 33 16 mo 
11 12 12 12 8 mo 
10 10 9 8 4 watts 
1.0 1.2 1.2 1.1 .7 watts 

175 175 175 175 175 volts 

190 210 225 225 235 volts 
2.1 2.5 2.7 2.6 1.9 watts 
70 120 180 240 270 watts 
20 25 35 40 45 watts 
50 95 145 200 225 watts 

Note, Typicol operation data are bosed on conditions of adjusting to o specified plote current, maintaining fixed condition, of grid bios, screen voltage, and r-f grid voltage. 
It will be found that if this procedure is fallowed, there will be little variation in power output between tubes even though !here moy be some variations in grid and screen 
current,. Where grid bias is obtoined principally by means of a grid resistor, to control plole current it is necessary to make the resistor adjustable, 

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-ABi (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.)* -ll5 -85 -90 volts 

Zero-Signal D-C Plate Current 30 30 20 mo 

Max-Signal D-C Plate Current 170 180 170 mo 
Zero-Signal D-C Screen Current 0 0 0 mo 
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) 85 85 90 volts 

Driving Power - 0 0 0 watts 

Max-Signal Plate Dissipation (per tube) 45 63 62 watts 

Max-Signal Plate Power Output 80 145 175 watts 

*Adjust to give stated zero signal plate current. 

The effective grid circuit resistance for each tube must not exceed 250,000 ohms. 
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TYPICAL OPERATION 

3000 MAX. VOLTS 

600 MAX. VOL TS 

150 MAX. MA 

65 MAX. WATTS 

10 MAX, WATTS 

Class-AB2 (Sinusoidal wave, two tubes unless otherwise specified} 

D-C Plate Voltage 600 1000 1500 1800 
D-C Screen Voltage 250 250 250 250 
D-C Grid Voltage (approx.)** -30 -30 -35 -35 

Zero-Signal D-C: Plate Current 60 60 60 50 

Max-Signal D-C Plate Current 300 300 250 220 
Zero-Signal D-C Screen Cl!rrent 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 
120 105 100 90 (per tube) 

Max-Signal Peak Driving Power 6.2 5.0 3.2 2.2 
Max-Signal Nominal Driving Power 

rapprox.) 3.1 2.5 1.6 1.1 
Max-Signal Plate Dissipation 

(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 
ma 
ma 
ma 
ohms 

volts 
watts 

watts 

watts 
watts 

• Indicates change from sheet dated 8-15-51 
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RADIO-FREQUENCY LINEAR POWER AMPLIFIER 
SINGLE SIDE BAND SUPPRESSED CARRIER 
Class-B (One tube) 

MAXIMUM RATINGS 

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

*Adjust to give stated iero•signal plate current. 

3000 MAX. VOLTS 
600 MAX. VOLTS 
65 MAX. WATTS 
10 MAX. WATTS 
5 MAX. WATTS 

uoue to intermittent nature of voice average dissipation is consider• 
ably less than Max.Signal Dtssipaton. 

TYPICAL OPERATION 

D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage (approx.)• 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Zero-Signal D-C Screen Current -
Max-Signal D-C Screen Current •• 
Max-Signal Peak R. F. Grid Voltage 
Max-Signal Avg. Grid Current -
Max-Signal Avg. Driving Power -
Max-Signal Plate Dissipation•• -
Average Plate Dissipation -
Max-Signal Useful Power Output 

1500 2000 2500 volts 
300 400 500 volts 

-50 -75 -100 volts 
33 25 20 ma 

200 270 230 ma 
0 0 0 mo 

35 50 35 ma 
190 270 300 volts 

13 17 6 ma 

2.4 4.6 1.8 watts 
105 190 225 watts 
60 65 65 watts 

ISO 300 325 watts 

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 which extends from the center of the 
base. A flexible connecting strap should be provided 
between the 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 and 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 applications where the "on" 
time does not exceed a total of five. minutes in any ten 
minute period, plate seal temperatures as high as 250°C 
are 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, and the tube is so located that normal 
circulation of air 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 for 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 dissipation, 

ecmp = Peok positive grid voltoge, and 
l,=D-c grid current. 

ecmp may be measured by means of a suitable peak 
voltmeter connected between filament and 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 and 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 and 
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 than 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 Dissipation-Under normal operating conditions, 
the plate dissipation of the 4-65A should not be allowed 
to exceed 65 watts in unmodulated applications. 

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

Plate dissipation in excess of maximum rating is 
permissible for short periods of time, such as during 
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 and 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 and 
screen terminals of each tube should be by-passed to a 
common chassis point by the shortest possible leads, and 
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 the 
amplifier. 

Where shielding is adequate, the feedback at fre
quencies above 110 Mc. is due principally to screen-lead
inductance effects, and it becomes necessary to introduce 
in-phase voltage from the plate circuit into the grid cir
cuit. This can be done by adding capacitance between 
plate and grid external to the tube. Ordinary, a small 
metal tab approximately 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 and 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 small capacitor. The socket screen 
terminals should be strapped together as shown on the 

•F-or suitable peak V.T.V.M. circuits see, for instance, "Vacuum Tube 
Ratings." Eimac News, January 1945. This article is available in re• 
print form on request. 
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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 from 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-modultited operation of the 4-65A. 
When the 4-65A is used as a class-C high-level-modulated 

~oo.n 

Screen-tuning neutrolii:otion circuit for use obove l 00 Mc. 
C is o smoll split-sfofor capodtor. 

640,000 
C(µ;.ddl = , opprox. 

f2 (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 partial 
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 Class-Alh Audio--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-AB1 and class-AB2 audio 
operation are given in the tabulated data. 

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

Grid bias voltage for class AB2 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-AB1 conditions 
the' effective grid-circuit resistance should not exceed 
250,000 ohms. 

The peak driving power figures given in the class-AB1 
tabulated 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 half the peak driving power requirement. 
A small amount 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 maxim.um 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 

... 

... 
Tetrode Keying Circuit 

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 
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choosing the values of L, C, and R, in the circuit, perfectly 
clean-cut highest speed hand keying can easily be obtained 
that is entirely devoid of 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 abo1J.t 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 
coui;ling. 

Steady driving power is fed to the grid of V, from 
the exciter. The keying circuit controls the plate and 
screen voltages on Vi, as well as the screen voltage. on 
the 4-65A, all obtained from a common power supply B1. 
This supply should furnish sufficient voltage to the plate 
of V 1 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,n the key is up there is no excitation to the 4-65A, 
and consequently no grid leak bias. At the same time, the 
screen voltage has also 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 nof 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 22% volt C battery in the control grid circuit 
will furnish sufficient bias to completely cut the plate 
current off at 3000 volts, while some lower value of bias 
can be used to permit a safe amount of current to flow 
in key-up p9sition, 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 co_ntrolled. This method of controlling the 
output of 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. R2 also serves as a means of keeping the screen 
of the 4-65A at ground potential under key-up conditions, 
stabilizing the circuit. R, is the normal powl::r supply 
bleeder. 

The keying relay must be insulated to withstand the 
driver plate voltage. Key clicks 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 of 
500 ohms for R1 and 0.25 ufd for C, have been found 
entirely satisfactory. Choke L, is best selected by trial 
and usually is on the order of 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 to give the proper inductance. 
This may be checked by listening for clean keying on the 
"make" side of the signal or by observation in a 'scope. 

R-F by-pass condensers C, and CJ will have some effect 
on the required value of Li as well as C1. These by-pass 
condensers should be kept at as small a value of capacity 
as is needed. In most cases .002 ufd. is sufficient. 

SHIELDING 
The internal feedback of the tetrode has been substan~ 

tially eliminated, and in order to fully utilize this advan
tage, it is essenth;l that the design of the equipment 
completely eliminates any feedback external to the 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 of R-F feedback in any 
common power supply leads. 

Complete shielding is easily achieved by mounting the 
socket of the tube flush with the deck of the chassis as 
shown in the sketch. 

~HR-6 HEAT DISSIPATING 
CONNECTOR 

) \ 

,,... .... , '-... 
' \ L-------..J 

OECK 

R 

The holes in the socket permit the flow of convection 
air currents from below the chassis up past the seals in the 
base of the tube, This flow of air is essential to cool the 
tube and in cases where the complete under part of the 
chassis is enclosed for 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 
of the screen leads to R-F ground. The plate and output 
circuits should be kept abqve deck and the input circuit 
and circuits of 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 that shown on the characteristic 
curves. It is a relatively simple matter to convert the 
published curves to corresponding curves at a different 
screen voltage by the method to be described. 

This conversion method is based on the fact that if 
all inter-electrode voltages are either raised or lowered 
by the same relative amount, the shape of the voltage 
field pattern is not altered, nor will the current distribu
tion be altered; the current lines will simply take on 
new proportionate values in accordance with the three
halves power law. This method fails 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 current 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 CARRIER 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. Thfo is tnade 
possible by the intermittent nature of the voice. If 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 shielding, coupling 
between input and output circuits, and proper R-F by
passing must be observed, as described 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 obtaining good regu
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 delivering 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 adjustmf;!nts 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 
oscillator running, adjust the exciter unit so that it 
delivers double side band signals. Using a linear sweep 
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 point 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 carrier. 
The phasing controls should be adjusted so as to make 
the envelope as smooth on the top and bottom as 
possible. If the above conditions are satisfied, the exciter 
unit can be assumed to be operating satisfactorily. 

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

If the reduced duty cycle method is used, the follow-
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 are given for SSSC in the 
first part of this data sheet. 
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Typical high-level-modulated R-F amplifier, 240 watts plate 
input. Modulator requires :zero driving power, 

COMPONENTS FOR TYPICAL CIRCUITS 

Lp1·Cp1-Tank circuit appropriate for operating frequency; 
Q= 12. Capacitor plate spacing=.200". 

Lp2·Cp2-Tank circuit appropriate for operating frequency; 
Q = J 2. Capacitor plate spacing= .200", 

Lp3-Cp3-Tank circuit appropriate for operating frequency; 
Q = 12. Capacitor plate spacing= .375". 

L9 1-C91- Tuned circuit appropriate for operating frequency. 
L9 2-Cg2-· Tuned circuit appropriate for operating frequency. 
C1- .002 -µfd. SOOY Mica 
C2- .002 -µ.fd. S000V Micai 
C3- .001-µfd. 2500V Mica 
C4-.J -µfd. l000V paper 
Cs-.1 -µfd.600 V paper 
C6- 16 -µfd. 450V Electrolytic 
C7- IO -µfd. I OOV Electrolytic 
Ri-53,000 ohms 200 watt-60,000 ohm adjustable 
R:,-2S0,000 oi,ms I watt 
R3- 5,000 ohms 5 watt 
R4- 25,000 ohms 2 watts 
Rs- 26,500 ohms 200 watts-30,000 ohm adiustable 
R6- 2,500 ohms 5 watts 
R7- 750 ohms 5 watts 
RFC1- 2.5 mhy. 125 ma. R-F choke 
RFC2- 1 mhy. 500 ma. R-F choke 
T1 - 150 watt modulation transformer; ratio primary to second

ary impedance approx. I: I.I Pri. impedance 15,000 ohms, 
sec. impedance 16,700 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. 
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Typical high-level-modulated R-F amplifier circuit, with 
modulator and driver stages, 480 watts plate input. 
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EIMAC 4-65A TYPICAL PERFORMANCE -
CLASS C TELEGRAPHY 

POWER OUTPUT VS FREQUENCY 
~ 

DC PLATE VOLTAGE 1500 VOLTS 

-.____ 
~ 

I I 

DRIVING POWER A 

r vs / 
FREQUENCY 

/ 
1....-,, 

.,,,,,,,,,. 
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FREQUENCY - MEGACYCLES 
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EITEL-McCUL 
SAN IRUMO , CALIFORNIA 

• The Eimoc 4-125A is o rodiol-beom power tetrode intended for use os on amplifier, oscillator, 
or modulator. It hos o maximum plate-dissipation roting of 125 watts and a maximum plate-voltage 
roting of 3000 volts ot frequencies up to 1 20 M c. 

The low grid-plate copocitonce of this tetrode together with its low driving-power requirement 
allows con.ideroble simplifkotion 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 closs-C r- f service will deliver up to 375 watts plate power output with 2.5 watts 
driving power. Two 4-125A's in closs-B modulator service will deliver up to 400 waits maximum
signal power output with 1.2 watts nominal driving power. 

ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage 

Current 

GENERAL CHARACTERISTICS 

Grid-Screen Amplification Factor (Average) 

Direct lnterelectrode Capacitances {Average) 

Grid-Plate 
Input 

Output 

Transconductance lib = 50 mo., Eb 2500V., E,2 = 400V.) 

• Highest Frequency for Mo,. imum Ratings 

• MECHANICAL 

5.0 volt, 

- 6.5 amperes 

5 .9 

0.05 µµ Id 

10.8 µµ Id 

3.1 µµId 

2450 µmho, 

- 120 Mc 

4-125A 
(4D21 ) 

RADIAL-BEAM 
POWER TETRODE 

MODULATOR 
OSCILLATOR 

AMPLIFIER 

Bose 

Basing 

Socket 

Mounting Position 

Cooling 

Recommended Heat-Dissipating Plate Connector 

Maximum Over-all Dimensions: 

5-pin metal shell 

See outline drawing 

E. F. Johnson Co. socket No. 122-27 5, National Co. N o. 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 

2.75 inches 

6.5 ounces 

1.5 pounds 

Note: Typical operation data ore based on conditions of adjusting too specified plate current, maintaining fixed conditions of grid b ias, screen 'IOlroge, ond r-f grid "oltoge. 
II will be found that if this procedure is followed, there will be little 'IOriotion in power output between tubes e'len though there may be some 'loriotions in g rid and screen 
currents. Where grid bias is obtained principally by means of o grid resistor, to control plate current it is neceuary to make the reshtor adjustable. 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Clau-C Telegraphy or FM Telephony (Key-down conditions, 1 tube) 

MAXIMUM RATINGS 
D,C PLATE VOLTAGE' 
D·C SCREEN VOLTAGE 
D C GRID VOLTAGE 
D-C PLATE CURRENT 
Pl,'\TE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIP,'\ !ION · 

3000 MAX. VOL TS 
•00 MAX. VOLTS 

- 500 M,'\X. VOL TS 
225 M,'\X, MA 
125 M,'\X. WATTS 
20 M,'\X, WATTS 

5 M"-X. WATTS 

HIGH-LEVEL MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Clau -C Telephony (Carrier conditions unless otherwise specified, 1 tube) 

MAXIMUM RATINGS 
D-C Pl"-TE VOLT "-GE' 
D-C SCREEN VOLT AGE 
D·C GRID VOLTAGE 
D-C PLATE CURRENT 
Pl,.TE DISSIPATION 
SCREEN DISSIP,'\TION 
GRID DtSSIP,'\TION • 

• nd1cdtes chdngt from sheet dcutd 3 -15-50 
(Elhctivo t -5-53) C ooyro9ht, 1953 by E,tel-McCullough, Inc. 

2500 M,_X, VO LTS 
•00 MAX. VOL TS 

-500 MAX. VOLTS 
200 M .. X. MA 

85 M .. X. WATTS 
20 M .. X. W,'\TTS 
5 MAX, WATTS 

lYPICAl OPERATION (Freque-ncies below 120 Mc.I 

D-C Plate Voltage 2000 2500 3000 YOlh 
0-C Xreen Volroge 350 350 350 'IOltS 
0-C Grid Voltage - 100 - 150 -1 50 volts 
D-C Plate Current 200 200 167 mo 
0-C 5creen Cunent • 50 40 30 ma 
0 -C Grid Current 12 12 9 mo 
Screen Dissipation I 8 I• 10.5 watts 
Grid 0iu1pallon I 6 2 1.2 watts 
Peck R:-F Grid Input Voltage (opproit .) • 230 320 280 'IOlh 
0ri..,ing Power (oppro1.)> 2.8 3.8 2.5 watts 
Plate Power Input , oo 500 500 woth 
Plate Dissipation 125 125 125 wath 
Plate Power Output 275 375 375 watts 

TYPICAL OPERATION (Frequencies below 120 Mc.} 
0-C Plate Voltage 2000 2500 'IOih 
0-C 5creen Voltage 350 350 volh 
0-C Grid Voltage - 220 -210 volts 
0,C Plate Current 150 152 mo 
0-C Screen Current • 33 30 mo 
0-C Grid Current 10 9 mo 
Screen Diuipo tion 11.5 10.5 ....,otts 
Grid Dinipation 1.6 1.4 watts 
Peck A-F Screen Voltage, 100% Modulation 210 210 volts 
Peak R-F Grid Input Voltage (opproit.) • 375 360 volts 
Dri..,ing Power (approx.)>• 3.8 3.3 ....,ath 
Plate Power Input 300 380 waits 
Plate 0inipotion 75 BO woth 
Plate Power Output 225 300 watts 

1 Abovt 120 Mc. the rn4ximum pfdtt voltdgt rdting dtoends upon frtQutncy 
S« Pd9< 4. 



AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
C!ass-AB1. ,. 

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 
Closs-AB1. 

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. VOL TS 
400 MAX. VOLTS 
225 MAX. MA 
125 MAX, WATTS 

20 MAX. WATTS 

TYPICAL OPERATION {Sinusoido! wove, two tuhes unless otherwise specified) 
D-C Plate Voltage - 1500 2000 2500 
D-C Sereen Voltage 600 600 600 
0-C Grid Voltoge2 - -90 -94 -96 
Zero-Signal 0-C Plate Current 60 50 50 
Mo:,,;-Signol D-C Pl.1te Current 222 240 232 
Zero-Signal D-C Screen Current -1,0 -0.5 -0.3 
Max-Signal D-C Screen Current 17 6.4 8,5 
Effective Load, Plate-lo-Plate • -1 0,200 13,400 20,300 
Peak, A-F Grid Input Va!tage (per tube) 90 94 96 
Driving Power - 0 0 0 
Max-Signal Plate Dissipatian (per tube) 87.5 125 125 
Max-Signal Plate Power Output 158 230 330 
Total Harmonic Distortion 5 2 2,6 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified} 
D-C Plate Voltage • 1500 2000 2500 
D-C Screen Voltage 350 350 350 
D-C Grid Voltage - -41 -45 -43 
Zero-Signal D-C Plate Current 87 72 93 
Ma:,,;-Signal D-C Plate Current 400 300 260 
Zero-Signal D-C Screen Current O O 0 
Mox-Signal D-C Screen Current 34 5 6 
Effective Load, Plate-to-Plate • 7200 13,600 22,200 
Peak A-f Grid Input Voltage (per tube) 141 105 89 
Ma:,,;-Signal Avg. Driving Power (appro:,,;,) 2,5 1.4 
Max-Sigoal Peak Driving Power 5.2 3. 1 
Max,Signa! Plate Dissipation (per tube) · .,., 125 
Ma:,,;-Signal Plate Power Output 350 J 
Totc;il Hc;irmonic Distortion 1 2.2 

volts 
volts 
volts 
mo 
mo 
mo 
mo 
ohms 
volts 
watt 
watts 
watts 
per ct 

volts 
volts 
volts 
mo 

mo 
mo 
o< 

watts 
watts 
per ct 

2 The effective srid circuit resiStdrL ~1 .?dch tube: must not exceed 250,000 ohms. 
3 Drivins power incredses dbove See page 4. 

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 AND RECOMMENDATIONS. 

APPLICATION 

MECHANICAL • Mounting-The 4-125A must be mounted vertically, b_ase down or bose up, 
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 the glass 
tip-off which extends from the center of the base. The tube should be mounted 
above the chassis deck to allow free circulation of air in the manner shown 
in the mounting diagrom below. The abov·e requirements ore met by the 
E. F. Johnson Co. socket No. 122-275, the National Co. socket No. HX-100, 
or a similar socket. 

A flexible connecting strap should be provided between the HR-6 Heat 
Dissipating Plate Connector on the plate terminal and the external circuit. 
The tube must be protected from severe. vibration and shock. 

0 0 0 

) \ 
4-125A mounting providing base cooling, shielding and isolation 

of output and input comportments. 

Cooling-Adequate cooling must be provided for the seals and 
envelope of the 4~ 125A, In continuous~service applications, the 
temperature of the plate .seal, a.s measured on the top of the 
plate cap, should not exceed 170° C. A relatively slow movement of 
air past the tube is sufficient to prevent seal temperatures in excess of maxi
mum at frequencies below 30 Mc. At frequencies above 30 Mc., radio-fre
quency losses in the leads and envelope conlribute to seal and envelope 
heating, "and special attention should be given to cooling, A smoll fan or 
centrifugal blower directed toward the upper portion of the envelope will 
usually provide sufficient circulation for cooling at frequencies above 30 Mc,, 
however. • lnd!cdtes change from sheet d<1ted 3-15-50 

Page Two 

In intermittent-service applications where the "on" time does not exceed 
o total of Ave minutes in any ten-minute period, plote seal temperatures.as 
high as 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 temperoture below this lllaximum at frequencies below 30 Mc,, 
provided that a heat-dissipating plate connector is used, and the tube is so 
located that normal circulation of air past the envelope is not .impeded. 

Provision must be made for circulation of air through the base 
of the tube, Where shielding or socket design makes it impossible to allow 
free circulation of air through the base, it will be necessary 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. 

ELECTRICAL 

Filament Voltage-For maximum tube life the filament voltoge, as meas
ured directly at the filament pins, should be the rated value-of 5.0 volts, 
Unavoidable variations in filament voltage must be kept within the range from 
4.75 to 5.25 volts. 

Bias Voltage-_D-c bias voltage for the 4-125A should not exceed 500 
volts. If grid-leok bias is used, suitable protective means must be provided 
to prevent excessive plote or screen dissipation in the event of loss of excitation. 

Screen Voltage-The d-c screen voltage for the 4-125A should not exceed 
400 volts, except for class-AB1 audio operation, 

Plate Voltage-The plate-supply voltage for the 4-125A should not exceed 
3000 volts for frequencies below 120 Mc. The maximum permissible plate 
voltage is less than 3000 volts above 120 Mc., as shown by the graph on 
page 4. 

Grid Dissipation-Grid dissipation for the 4-125A should not be allowed 
to exceed Ave watts. Grid dissipation may be calculated from the following 
expression: 

Pg=ecmplc 

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

lc=D-c grid current. 

ecmp may be measured by means of a suitable peak voltmeter connected 
between Alament and grid4• 

Screen Dissipation-The power dfasipoted by the screen of the 4-125A 
must not exceed 20 watts. Screen dissipation is likely to rise to excessive ~alues 
when the plote voltage, bias voltage or plate load are removed with filament 
and screen voltages applied. Suitable protective means must be provided to 
limit screen dissipation to 20 watts in the event of circuit failure. 

4 For suitable peak v.t.v.m. circuits see, for instance, "Vdcuum Tube Ratings,"' Eimac 
News, January, 1945. This article is available in reprint form on request. 
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ate 1ss1pat1on~ n er norma operating con 1t1ons, I e pate 1ssipo• 
lion of the 4-125A should not be allowed to exceed 125 wotfs in unmodulated 
applications, 

In high-level-modulated amplifier applications, the maximum allowable 
carrier-condition plate dissipation is 85 watts. The plate dissipation will rise 
to 125 wolfs 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 Telegraphy or FM Telephony-The 4- l 25A may be operated 
as a class-C telegraph or FM telephone amplifier without neutralization up to 
about 30 Mc. if reasonable precautions are 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 an page 
two provides on effective isolating shield between grid and plate circuits. In 
single-ended circuits, plate, grid, filament and screen by-pass capacitors 
should be returned through the shortest possible leads to a common chassis 
point. In push-pull applications the filament and screen terminals of each tube 
should be by-passed to a common chassis point by the shortest possible leads, 
and short, heavy leads should be used to interconnect the screens and fila
ments of the two lubes. Care should be taken lo prevent leakage of radio
frequency energy to leads entering the amplifier, to prevent grid-plate 
coupling between these leads external to the amplifier. 

Where shielding is adequate, the feed-back at frequencies above 100 
Mc. is due principally to screen-lead-inductClnce effects, and it becomes neces
sary to introduce in-phase voltage from the plate circuit into the grid circuit. 
This can be done by adding capacitance between plate and grid external 
to the tube. Ordinarily, a small 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 taken to prevent the neutralizing plate from touching the 
envelope. An alternative neutralization scheme is illustrated in the diagram 
below. In this circuit feed-back 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 to !he capacitor, C, and from the capacitor to 
ground should be made as short as possible. All connections to the screen 
terminals should be made to the center of the strap between the terminals, 
in order to equalize the current 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 leads, 

At frequencies below 1 DO Mc. ordinary neutralization systems may be used. 
With reasonably effective shielding, however, neutralization should not be 
required below about 30 Mc. 

The driving power and power output under typical operating conditions, 
with maximum output and plate voltage, are sh0wn on page 4. 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 tonk and 
output coupling system. The driving power is likewise the driving power re
quired by the tube (includes bias loss). The driver output power should exceed 
the driving power requirement by o sufficient margin to oilow 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 tonk-circuit elements is recommended at frequencies 
above 1 00 Mc. 

Conventional capacitance-shortened quarter-wave linear grid tank circuits 

RSC 

Screen-tuning neutralization circuit for. use above 1 00 Mc, 
C is a small split-stator capacitor. 

640,000 
C{µµfdl = , approx. 

f2 (Mc.) 

+EBB 

aving a ca cu ate O o o ms or ess may e use wit t e 
up to 175 Mc. Above 175 Mc. linear grid tonk circuits employing a "capocitor"
type shorting bar, as illustrated in the diagram below, may be used. The 
capacitor, C1, may consist of two silver-plated brass plates one inch square 
with a piece of .010-inch mica or polystyrene as insulation. 

Class-C AM Telephony-The r-f circuit considerations discussed above 
under Class-( Telegraphy or FM Telephony also apply to amplitude-modu
lated operation of the 4- l 25A. When the 4- l 25A is used as a closs-C high
level-modulated amplifier, modulation should be applied to both plate and 
screen, Modulation voltage for the screen may be obtained from a separate 
winding on the modulation transformer, 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. When screen 
modulation is obtained by either the series-resistor or the audio-reactor 
method, the audio-frequency variations in screen curreni- 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 rated 
inductance of not less than 10 henries divided by the number of tubes in the 
modulated amplifier and a 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 at 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 a 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 1. 

For high-level modulated service, the use of partial grid-leak bias is recom
mended. Any by-poss capacitors placed across the grid-leak resistance should 
hove o reactonce at the highest modulation frequency equal to at least twice 
the grid-leak resistance. 

Class-AB1 and Class-AB2 Audio-Two 4- l 25A's may be used in a push
pull circuit to give relatively high audio output power at low distortion. Maxi
mum ratings and typical operating conditions for class-AB1 and claYs-AB2 
audio operation ore given in the tabulated data, 

When type 4- l 25A tubes are used as class-AB1 or class-AB2 audio ampli
fiers at 1500 plate volts, under the conditions given under "Typical Jpe,.:i
tion," ti-re 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 tubes in a standard 
circuit will provide adequate regulation. The variation in screen current at 
plate voltages of 2000 and above is low enough so that any screen power 
supply having o normal order of regulation will serve. The driver plate supply 
makes a convenient source of screen volfage under these conditi6ns. 

Grid bias voltage for class-AB2 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 closs-AB1 
conditions the effective grid-circuit resistance for each tube should not exceed 
250,000 ohms. 

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

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. 

+EBB 

Typical circuit arrangement useful for frequencies above. 
175 Mc. 

Ci-See above. 
C2-Neutralizing capacitor. 
C3-.00lµfd. 
C4- l 00µµfd. 

L 1-¾" dia. copper spaced, 
l" center-to-center, 6" long. 

l2-¾" dia. brass, silver plated, 
spaced 1 ½" center-to-center, 
14" long. 
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COMPONENTS FOR TYPICAL CIRCUITS 
(Diagrams, Page 5) 

Lp 1-Cp 1-:.Tank circuit appropriate for operating frequency; Q = 12. 
Capacitor plate spacing= .20011

• 

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-Tonk circuit appropriate for operating frequency; Q = 12. 
· Capacitor plote spacing=.375", 

l 91-C91-Tuned drcuit appropriate for operating frequency, 
L92-C92-Tuned circuit appropriate for operating frequency, 
CJ-.002-µfd., 500-v. mica 
C2-.002-µfd., 5000-v. mica 

OOOQ)OOO 
C3-.00l-µfd., 2500-v. micci 
C4- 16-µfd., 450-v. electrolytic 

4000 

~000 

~ 2500 
-' 
0 
> 2000 

/2 
I-
~ 400 
.,_ 
::, 
a. 300 
I-
:, 
0 

la 
~ 200 .. 
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w 
;: 
~ 4 

~ 
z 
> 
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~ 
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14 DIA.P.C. 

SPJNS 
.l88 ~.002. D\A. 

I 

C5- l 0-µfd., 25-v. electrolytic 
Ri-7000 ohms, 5 wotts 
R2-70,000 ohms, l 00 wotts 
R3-3500 ohms, 5 wotts 
R4-35,000 ohms, 200 watts 
Rs-560 ohms, 1 wait 
R6-25,000 ohms, 2 wafts 
R7- 1500 ohms, 5 watts 
RFC1-2,5-mhy., 125-mo. r-f choke 
RFC2- 1-mhy., 500-mo. r-f choke 
T1- l 0-wott driver transformer; ratio pri. to 1/:z sec. approx. 2: 1. 
12-200-wott modulation transformer; ratio pri. to sec. approx. 1: l; 

pri. impedance= 16,200 ohms, sec. impedance= 16,500 ohms. 
T3-5-watt driver transformer; ratio pri. to½ sec. approx. 1.1: 1. , 
14-400-watt modulation transformer; ratio pri. to sec, ·approx. 2.7rl; 

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

I 
CLASS-C TELEGRAPHY 

CLAsS-c TELEPHoNv ' 
EIMAC 4-125A " ' MAXIMUM RATED PLATE VOLTAGE "-, r----VERSUS FREQUENCY 

I I I 

POWER OUTPUT 

' \ 
\ 

EIMAC 4-125A TYPICAL PERFORMANCE 

CLASS-G TELEGRAPHY AT MAXIMUM 

RATED PLATE VOLTAGE 

DRIVING POWER AND POWER OUTPUT 

VERSUS FREQUENCY 
. 

I 
I 

I 

J 
/ , 

DRIVING POWER 

2 3 4 6 8 10 20 30 40 60 60 100 200 300 

FREQUENCY- MEGACYCLES 

1 

I 

\ 



,J 

[ 

.. - ···---·---------
,!•~••' 

-~•4=125A 
~ (4D21) 

c, 
4-120,Acc=-, 

.rF _.,,,,,...~~ =, 
I 

Ecca 

350V.,40MA, 

350 V, 30 MA. s.o v. 

DC.GRIOVOl.TS 
-IOOV, 12.MA. 

-1SOV., 9MA. 

Po 
DRIVING POWER 

3.S WATTS 

2..5 WATTS 

'" 0.C. PLATE VOLTS 
2.500V., 2.00MA 

3000V., 167MA. 

Typical radio-frequency power amplifier circuit, Closs-( 
telegraphy, 500 watts input. 

P, 

RFC• 

RFC, 

' ' ~-!-----'--" ' L _____________ _J 

+JOOv 
00"" 

Pa 

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

RFC;,. 

~;;.rf::::.:h ~ 
'l-'t::>!"/2 ,= 

SHIELOJ 

Ecc1 
O.<.,GAIO VOLTS 

·1SOV.24MA. 

-ISOV., ISMA. 

Ecca 

350V, &I MA 
350'1,, 60 MA 

Po 
01\\VING POWER 

7.6WATTS 
S.0 WATTS 

" FILAMENT VOLTS 
5.0 v. 
5.0 v. 

I 

I 

I 

,,, 
D.C.PLATEVOLTS 
2500 V 400 Ml\. 
3000 V., 335 MA. 

Typical radio-freqUency power amplifier circuit, Class-( 
telegraphy, l 000 walls input. 

.,,.,,~ ... 

.r--T = ' 

a, 

-,oo, , ....... 

' 

me· 
oo,.<a .......... 

Typical high-level-modulated r-f amplifier circuit, with madulatar 
and driver stages, 750 watts plate input. 

SEE PRECEDING PAGE FOR LIST OF COMPONENTS 
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4-250A 

E I T E L- Mc C UL LO U G 1-1, I N c. 

15D22 l 
RADIAL-BEAM 

POWER TETRODE 

SAN 'IRUMO, CALIFORNIA MODULATOR 
OSCILLATOR 

AMPLIFIER 

The Eimac •-250A is a compact, ruggedly constructed power tetrode having a maximum plate 
dissipation rating of 250 watts. It is intended for use as an amplifier, oscillator or modulator. The 
low grid-plate capacitance of this tetrode coupled with its low driving-power requirement allows 
considerable simplification of the associated circuit and driver stage. 

The 4-250A is cooled by radiation from the plate and by circulation of forced-air through the 
base and around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 

Voltage 

Currant 
Grid-Screen Amplification Factor (Average) -

Direct lnterelectrode Capacitances (Average) 
Grid-Plata 

Input 

Output 

Transconductance (lb= 100 ma •. Eb=2500V., E,, =500V.) 

Frequency for Maximum Ratings 

MECHANICAL 
Base 
Recommended Socket 

Basing 

Mounting Position 

Cooling 

Recommended H eat Dissipating Plate Connector 

Maximum Overall Dimensions: 
Length 

Diameter -

Net Weight 

Shipping Weight (Average) 

5.0 volts 

14.5 amperes 
5.1 

0 .12 µ.µ. fd 

12.7 µµ fd 

4.5 µµ. fd 

4000 µ. mhos 

- 75 Mc. 

5-pin metal shell 
E. F Johnson Co. socket No. 122-275, 

National Co, No. HX-100, or equiva lent. 

- See drawing 

Vertical, base down or up 

Radiation and forced air 

- Eimac HR-6 

6 .38 inches 

3.56 inches 

8.0 ounces 

2.0 pounds 

Note: Typical operation data are based on conditions of adjusting to a specified plate current, maintaining fixed conditions of grid bias, screen voltage, 
and r-f grid voltage. It will be found that if this procedure is followed there will be little variation in power output between tubes even though there may 
be some "ariation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control plate current it is necessary 
to make the resistor ""adjustable. 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C FM or Telegraphy 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE' 
D-C SCREEN VOLTAGE 

D-C GRID VO LTAGE -

D-C PLATE CURRENT -

PLATE DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION 

( Key-down conditions, I tube) 

4000 MAX. VOLTS 

600 MAX. VOL TS 

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

35 MAX. WATTS 

10 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-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 

b00 MAX. VOLTS 
-500 MAX. VOLTS 

275 MAX. MA 

lb5 MAX. WATTS 

35 MAX. WATTS 

10 MAX. WATTS 

(Effec!ive 8-15-52) Copydght 1952 by Eitel-McCullough, Inc. 

TYP ICAL OPERATION (Frequencies below 75 Mc.) 
0,C Plate Voltage 2500 
0-C Screen Voltage 500 
0-C Grid Voltage -150 
0-C Plate Current 300 
0 -C Screen Current 60 
0-C Grid Current 9 
Screen Dissipation 30 
Grid Dissipation 0.35 
Peak R-F Grid Input Voltage (appro•.) 220 
Driving Power (approx.pt 1.70 
Pia le Power In put 750 
Plate Dissipation 175 

Plate Power Output 575 

TYPICAL OPERATION ( Frequencies below 75 Mc.) 
D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage 
0-C Plate Current 
0-C Screen Current 
0-C Grid Current 
Peak A-F Screen Voltage ( IOOo/, modulation) 
Screen Dissipation 
Grid Oiuipation 
Peak R-F Grid Input Voltage (appro•.) 
Driving Power {approx.) 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

3000 4000 volts 
500 500 volts 

-180 -225 volts 
345 312 ma 

60 45 ma 
10 9 ma 
30 22.5 walls 

0.8 0.46 watts 
265 303 volts 
2.6 2.46 watts 

1035 1250 watts 
235 250 watts 
800 I 000 walls 

2500 
400 

-200 
200 
30 

350 
12 
1.8 

255 
2.2 

500 
125 
375 

3000 volts 
400 volts 

-310 volts 
225 ma 

30 ma 
9 ma 

350 volts 
12 watts 

2.7 walls 
365 volts 
3.2 watts 

675 watts 
165 watts 
510 wa tts 

1Above 75 Mc. the maximum plilte voltage ra t ing depends upon frequenc.v. 
See page four . 

:Driving power increases a bove 40 Mc. See pdgc four. 



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

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

TYPICAL OPERATION CLASS AB1 

{Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage 1500 2000 2500 
D-C Screen Voltage - 600 600 600 
D-C Grid Voltage 1 , 2 - -95 -104 -110 
Zero-Signal D-C Plate Current - 120 110 120 
Max-Signal D-C Plate Current - 400 405 430 
Zero-Signal D-C Screen Current - -0.4 -0.3 -0.3 
Max-Signal D-C Screen Current - 23 22 13 
Effactive Load, Plate-to-Plate - 6250 9170 11,400 
Peak A-F Grid Input Voltage 

{per tube) 64 88 90 
Drivin9 Power O O 0 

3000 
600 

-116 
120 
417 

-0.2 
10.5 

15,000 

" 0 

volts 
volts 
volh 
mo 
mo 
ma 
ma 
ohms 

volts 
watts 

Max-Signal Plate Dissipation 
(per tube) 145 175 225 250 watts 

Max-Signal Plate Power Output - 310 460 625 750 watts 
Total Harmonic Distortion - - 4 2.5 2 2.5 per cent 
1Adjust for stated zero-signal plate current. 
2The effect,ive grid-circuit resistance must not exceed 250,000 ohms, 

4000 MAX. VOLTS 
600 MAX. VOLTS 
350 MAX, MA 
250 MAX. WATTS 

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATION CLASS AB2 
{Sinusoidal wave, two tubes unless otherwise specified) 

0-C Plate Voltage 1500 2000 2500 3000 volts 
D-C Screen Voltage 300 300 300 300 volts 
D-C Grid Voltage1 -48 -48 -51 -53 volts 
Zero-Signal D-C Plate Current - JOO 120 120 125 m, 
Max-Signal D-C ·p1ate Current - 485 510 500 473 mo 
Zero-Signal D-C Screen Current - 0 0 0 0 m, 
Max-Signal D-C Screen Current - 34 " 23 33 m, 
Effective load, Plate-to-Plate - 5400 8000 10,900 16,000 ohms 
Peak A-F Grid Input Voltage 

(fer tube) - • - - " " JOO " volts 
Max- ignal Avg. Driving Power 

2.1 2.3 2.2 ].9 watts (approx.) 
Max-Signal Peak Driving Power - 4.7 5,5 4.8 4.6 watts 
Max-Signal Plate Dissipation 

185 205 190 watts (per tube) 150 
· Max-Signal Plate Power Output - 428 650 840 1040 watts 

Total Harmonic Distortion - - 3 4 4 4.5 per cent 

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 AND RECOMMENDATIONS. 

APPLICATION 

Mec:hanic:al 
• Mo11nti1NJ-The 4-250A must be mounted vertically, base down 

or base up. The socket must be con_structed so as to allow an 
unimpeded flow of air through the holes in the base of the tube 
and must also provide clearance for the glass tip-off which 
extends from the center of the base. The tube should be mounted 
above the chassis deck to allow free circulation of air in the 
manner shown in the mounting diagram below. The metal tube
base shell should be grounded by means of suitable spring 
fingers. The above requirements are met by the E. F. Johnson 
Co. socket No. 122-275, the National Co. socket No. HX-100, 
or a similar socket. 

A flexible connecting strap should be provided between the 
HR-6 Heat Dissipating Plate Connector on the plate terminal 
and the external circuit. The tube mud be protected from 
severe vibration and shock. 

0 0 0 

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

of output and input compartments. 

• Indicates change from sheet dated 7-l-51 

Pa,ge Two 

Cooling-Adequate cooling must be provided for the seals and 
envelope of the 4-250A. Forced-air circulation in the amount 
of five cubic feet per minute through the base of the tube is 
required. This air should be applied simultaneously with filament 
power. The temperature of the plate seal, as measured on the 
top of the plate cap, should not exceed 170°C. in continuous
service applications. 

A relatively slow movement of air past the tube is sufficient 
to prevent a plate seal temperature in excess of the maximum 
rating at frequencies below 30 Mc, At frequencies above 30 
Mc., radio-frequency losses in the leads and envelope contribute 
to seal and envelope heating and special attention should be 
given to bulb and plate seal cooling. A small fan or centrifugal 
blower directed toward the upper portion of the envelope will 
usually provide sufficient circulation for cooling at frequencies 
above 30 Mc. (The Eimac 4-400A Air-System Socket provides a 
convenient method of mounting and cooling the 4-250A at VHF, 
should the user desire to use it. Full information is available on 
the 4-400A data sheet, or it will be sent from the factory on 
request.) 

In intermittent-service applications where the "on" time does 
not exceed a total of five minutes in any ten-minute period, 
plate-seal temperatures as high as 220° C. are 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 30 Mc., provided that a heat-radiating plate 
connector is used, and the tube is so located that normal circu
lation of air past the envelope is not impeded. 

Elec:tric:al 
• Filament Voltage-For maximum tube life the filament voltage, 

as measured 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. 

Bias Yoltage-D-c bias voltage for the 4-250A 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. 
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Grid Dissipation-Grid dissipation for the 4-250A should not be 
allowed to exceed ten watts. Grid dissipation may be calculated 
from the following expression: 

Pg=Sempfc 

where P8 =Grid dissipation 
&emp=Peak positive grid voltage, and 

le=D-c grid current. 

e._.mp may be measured by means of a suitable peak voltmeter 
connected between filament and grid3

• 

ScrHn Voltage-The d-c screen voltage for the 4-250A should 
not exceed 600 volts. 

Screen Dissipation-The power dissipated by the screen of the 
4-250A must not exceed 35 watts. Screen dissipation is likely to 
rise to excessive values when the plate voltage, bias voltage or 
plate load is removed with filament and screen voltages applied. 
Suitable protective means must be provided to limit screen 
dissipation to 35 watts in the event of circuit failure. 

Plate Voltage-The plate-supply voltage for the 4-250A should 
not exceed 4000 volts for frequencies below 75 Mc. Above 75 
Mc., the maximum permissible plate voltage is less than 4000 
volts, as shown by the graph on page four. 

Plote Dissipation-Under normal operating conditions, the plate 
dissipation of the 4-250A should not be allowed to exceed 250 
Wi!ltts in unmodulated applications. 

In plate-modulated amplifier applications, the maximum allow
able carrier-condition plate dissipation is 165 watts. 

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

Operation 

Class,,C FM or Tele(Jraphy-The 4-250A may be operated as a 
class-C amplifier, FM or telegraphy, without neutralization up to 
30 Mc. if reasonable precautions are taken to prevent coupling 
between input and output circuits external to the tube. A 
grounded metallic plate on which the socket may be mounted 
and to which suitable connectors may be attached to ground the 
tube base shell, provides an effective isolating shield between 
grid and plate circuits. In single-ended circuits, plate, grid, fila
ment and screen by-pass capacitors should be returned through 
the shortest possible leads to a common chassis point. In push
pull applications the filament and screen terminals of each tube 
should be by-passed to a common chassis point by the shortest 
possible leads, and short, heavy leads should be used to inter
connect the screens and filaments of the two tubes. Care should 
be taken to prevent leakage of radio-frequency energy to leads 

-Ee +Ee& 

Screen-tuning neutralization circuit for use above 45 Mc. 
C - Approximately 100µ.µ.fd. per section, maximum. 

entering the amplifier in order to minimize grid-plate coupling 
between these leads external to the amplifier. 

At frequencies from 30 Mc. to 45 Mc. ordinary neutralization 
systems may be used. 

Where shielding is adequate, the feed-back at frequencies 
above 45 Mc. is due principally to screen-lead-inductance 
effects, and it becomes necessary to introduce in-phase voltage 
from the plate circuit into the grid circuit. This can be done by 
adding capacitance between plate and grid external to the tube. 
Ordinarily, a small metal tab approximately ¾-inch square con
neded to the grid terminal and located adjacent to the envelope 
opposite the plate will suffice for neutralization. Means should 
be provided for adjusting the spacing between the neutralizing 
capacitor plate and the envelope. An alternative neutralization 
scheme is illustrated in the diagram below. In this circuit, feed
back 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 to the capacitor, C, and 
from the capacitor to ground should be made as short as poss
ible. 

Driving power and power output under maximum output and 
plate voltage conditions are shown on page 4. The power outf:)ut 
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 output power should exceed the driving power 
requirement by a sufficient margin to allow for coupling-circuit 
losses. The use of silver-plated linear tank-circuit elen·ients 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
modulated operation of the 4-250A. When the 4-250A is used 
as a class-C plate-modulated amplifier, modulation should be 
applied to both plate and screen. Modulation voltage for the 
screen may be obtained from a separate winding on the modu
lation transformer, 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. When screen modulation is obtained by either the series
resistor or the audio-reactor method, the audio-frequency varia
tiom; in screen current which result from the variations in plate 
voltage as the plate is modulated automatically give the required 
screen modulation. Where a reactor is used, it should have a 
rated inductance of not less than IO henries divided by the 
number of tubes in the modulated amplifier and a 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 at high audio frequencies, the screen by
pass capacitor should be no larger than necessary for adequate 
r-f by-passing. 

For plate-modulated service, the use of partial grid-leak bias 
is recommended. Any by-pass capacitors placed across the qrid
leak resistance should have a reactance at the highest modula
tion frequency equal to at least twice the grid-leak resistance. 

Class-AB1 and Class-Al2 Audio-Two 4-250A's 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-AB, and class-AB~ audio operation are given in the 
tabulated data, 

Screen voltage should be obtained from a source having 
reasonably good regulation to prevent variations in screen volt
age from zero-signal to maximum-signal conditions. The use of 
voltage regulator tubes in a standard circuit should provide ade
quate regulation, 

Grid bias voltage for class-AB2 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-AB1 conditions the effective grid-circuit 
resistance should not exceed 250,000 ohms. 

a For suitable peak v.+.v.m. circuits see, for inst.anc:e, "Vacuum Tube 
Ratings," Eimac News, January, !945. This article is available in reprint 
form on request. 
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The peak driving power figures given in the 

class-AB2. tabulated 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 with

out distortion. The driver stage should, therefore, 

be capable of providing an undistorted average 

output equal to half the peak driving power re

quirement. A small amount Of additional driver 

output 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 dissipation of the 4-250A. 

ln these cases, the plate dissipation reaches_ a 

maximum value, equal to the maximum rating, at a 

point somewhat below maximumwsignal 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, 
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Typical radio frequency power amplifier circuit, Class-C 

telegraphy, I 000 watts input. 
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Typical high-level-modulated r-f amplifier circuit, with 

modulator and driver stages, 1000 watts input. 

,. ' ' ' ' 
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I ' L ______________ J 

" 

Typical high-level-modulated r-f amplifier circuit, with 

modulator stage, 675 watts input. 

COMPONENTS FOR TYPICAL CIRCUITS 

Lp1 -C;,1 -Tank circuit appropriate for operating frequency; 
Q = 12. Capacitor plate $pacing= .200". 

L1,: -Cp, -Tank circuit appropriate for operating frequency; 
Q= 12. Capacitor plate spacing= .200". 

Lp3 -Cp3 -Tank circuit appropriate for operating frectuency; 
Q = 12. Capacitor plate spacing= .375". 

L,n -C.:1 -Tuned circuit appropriate for operating frequency. 
L112 -Ci:2 - Tuned circuit appropriate for operating frequency, 
C1 - ,002-ufd. 500-v. mica 
C2 - .002-ufd. 5000-v mica 
Ca-.001-ufd., 2500-v. mica 
c~-.1-ufd., 1000-v. paper 
C~- .1-ufd. 600-v. paper 
C6 - .5-ufd. 600-v paper 
C1 - .03-ufd., 600-v. paper 
C8 - ,1-ufd., 1000-v. paper 
Cr- .25-ufd., 1000-v, paper 
R1 - 86,700 ohms, adjustable 100,000 ohms, 100 watts 
R2 - 250,000 ohms, lfi watt 
R4 - 15,000 ohms. 5 watts 
R5 - 25,000 ohms, 2 watts 
Ra - 2,500 ohms, 5 watts 
R1 - 35,000 ohms, 160 watts 
R~ - 250,000 ohms, ½ watt 
Ra - 200,000 ohrns, 2 watts 
R10 - 500 ohms, lfi watt 
R11 - I megohm, 1/2 watt 
R12 - i00,000 olims, I watt 
R13 - 200,000 ohms, 1/2 watt 
RH - I 0,000 ohms, lfi watt 
R16 -50 ohms, 10 watts 
R1a-100,000 olims, 100 watts 
RFC1 - 2.5-mhy., 125-ma. r-f choice 
RFC: - 1-mhy., _500-ma. r-f choke 
T1 -350-watt modulation fransformer: ratio pri. to see. approx. 

1.5: It pri. impedance 20,300 ohms, sec. impedance 13,300 
ohms. 

T1 - 600-watt modulation transformer; ratio pri. to sec. approx. 
1.8 : I; pri, impedance 11,400 ohms, sec. impedance 6,250 
ohms. 
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E I T E L - Mc C U L LO U G H, I N c. 
SAN BRUNO, CALIFORNIA 

The Eimac 4-400A is a compact, ruggedly constructed power tet rode having a maximum plate dissipation 
rating of 400 watts. It is intended fo r use as an amplifiu, oscillator or modulator. The low grid .. plate capacitance 
of this tetrode coupled with its low driving-power requirement allows considerable simplification of the asso• 
ciated circ uit and driver stage. 

4-400A 
RADIAL-BEAM 

POWER TETRODE 

• 
MODULATOR 
OSCILLATOR 

AMPLIFIER 

• The -1-400A is cooled by radiation from the plate and by circulation of forced -ai r through the base, around 

• 

• 

the envelope, and over the plate sea l. Cooling can be greatly simplified by using an Eimac ,4 .. -40QA Air-System 

Socket and its accompanying glass chimney. This socket is designed to maintain the correct balance of cooling 
air b etween the compo nent parfl of the tube. t 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tung ,ten 
Voltage 
Current 

Grid-Screen Amplification Factor !Average I 
Direct lnterelectrode Capacitance• !Average I 

Grid-Plate 
Input 
Output 

Tran,conductance (i• = I00ma .. E. =2500V., E., =SOOV.) 
Frequency for Muimum Ratings 

MECHANICAL 
Base 

Basing 
Mounting Position 
Cooling 
Recommended Heat Dissipating Plate Connector 
Recommended Socket 
Maximum Over-All Dimension• 

Length 
Diameter 

Net Weight 
Shipping Weight 

5.0 volts 
14.5 amperes 

5.1 

0.12 µ.µ fd 
12.5 µ.µ fd 
4.7 µ.µ. fd 

4,000 µ.mhos 

110 Mc. 

See drawing 
See drawing 

Vertical, base down or up 
Radiation and forced a ir 

Eimac HR-6 
Eimac 4-400A Air-System Socket 

HR-6 
If an Air-System 
Heat Dissipating 

Length 

6.38 inches 

3.56 inches 

9 ounces 
2.5 pounds 

Socket is used, mounted on a l/4 inch ded, the overall dimensions of the system including chimney and 
Plate Connector are : 

Diameter 
8.0 inches 

5.5 inches 

Note: Typical oper~tion data cH e ~ased o n condit ions o f a djusting to a specif ied p late c urrent , maintaining fixed condit ion1 of grid b ias. sc reen 
"oltage, and r•f g rid vo ltage. l_t ';"' Il l _b e f~und that if th is proce dure is follo wed, there wi ll be little variatio n in power o utput between tubes even 
though t here ma y b e some varia t ion 1n g rid a nd screen c urre nts W he re grid b ias is obtaine d princi pally by means of a grid resistor to control 
plate current it is necessary to make the resistor c1d justable . · 

• RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Class-C Telegraphy or FM Telephony 

MAXIMUM RATINGS !Key-down conditions, per tube t o 110 Mc.) 
D-C PLATE VO LTAGE 
D-C SC REEN VO LTAGE 
D-C PLATE C U RR ENT 
PLATE DISSIPATION 
SCREEN DISSIPATIO N 
G RID DISSIPATION 

TYPIC AL O PERATIO N (Fre quencies below 75 Mc., one tubel 
0 -C Plate Voltage • 2500 3000 4000 volts 
0-C Screen Voltage 500 500 500 volts 
0 -C Grid Voltage -200 - 220 -220 volts 
0-C Plate Current 350 350 350 ma 
D·C Screen Curre nt 46 46 40 ma 
0 -C Grid Current 18 19 18 ma 
Screen Dissipation 23 23 20 watts 
Grid 0is1ip4lion • 1.8 U 1.8 wdlh 
Peak R-F Grid Input Volta g e 300 320 320 volts 
Driving Power• 5.4 6.1 5.8 wat ts 
Plate Power Input 875 1050 1400 watts 
Plate Dissipat ion • 235 250 300 walls 
Plate Power Outp ut 640 800 1100 walls 
• Driving Po wer increase~ as frequency is increased. At 75 Mc. the 
driving power required is opproximately 12 watts. 

• I Guarantee applies only when the •·•OOA is used d$ specified with 
adequate air in the •. 40QA Air-System Socket or equivalent. 

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

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATIO N I 110 Mc., two tubes) 

0-C Plate Voltage 3500 

o.c Screen Voltage 500 

4000 

500 

0 -C Grid Voltage - 170 -170 

D-C Plate Current 500 540 

o.c Screen Curre nt 34 31 

0-C G rid Curre nt 20 20 

0 ri .., ing Power (approx.} 20 20 

Plate Power Out put (approx.) 1300 1600 

Useful Power Out p ut 1160 1440 

(Effective 1-30-53} Copy,ight 1953 by Eitel-M cCulloug h. Inc. • Indicates change from sheet dated 4-1-51. 

volts 

vo lts 

volts 

ma 

ma 

ma 

wat ts 

watts 

wa tts 
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PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Class-C Telephony (Carrier conditions unless otherwise specified, One 
MAXIMUl,1 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. VOLTS 

600 MAX. VOLTS 

-500 MAX. VOLTS 

275 MAX. MA 

270 MAX. WATTS 

35 MAX. WATTS 

10 MAX. WATTS 

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

TYPICAL OPERATION CLASS AB, 
(Sinusoidal wave, two tubes unless otherwise specified} 
D-C Plate Voltage - 2500 3000 3500 4000 volts 
D-C Screen Voltage - • 750 750 750 750 volts 
D-C Grid Voltage (approx.)* -130 -137 -145 -150 volts 
Zero-Signal D-C Plate Current 190 160 140 120 ma 
Max-Signal D-C Plate Current 635 635 610 585 ma 
Zero-Signal D-C Screen Current O O O O ma 
Max-Signal D-C Screen Current 28 26 32 40 ma 
Effective Load, Plate-to-Plate 6800 8900 11,500 14,500 ohms 
Peak A-F Grid Input Voltage 

(per tube) 130 137 145 150 volts 
Drivinci Power • • • D O O O watts • Max-Signal Plate Dissipation 

(per tube) • • - 370 400 400 400 watts 
Max-Signal Plate Power Output 850 1110 1330 1540 watts 
•Adjust to give stated zero-signal plate current. The D-C resistance in 
series with the control grid of each tube should not exceed 250,000 ohms. 

tube) 
TYPICAL OPERATION {Frequencies below 75 Mc.) 
D-C Plate Voltage 2000 2500 3000 
D-C Screen Voltage 500 500 500 
0-C Grid Voltage -220 -220 -220 
0-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Screen Dissipation 
Grid Dissipation • 
Peak A-F Screen Voltage 

( 100% modulation) 
Peak R-F Grid Input Voltage 
Driving Power 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

275 275 
30 28 
12 12 
15 14 

I.I I.I 

350 350 
290 290 
3.5 3.5 
550 '" 170 178 
380 510 

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

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATION CLASS AB, 
(Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage - 2500 3000 3500 
D-C Screen Voltage • • 500 500 500 
D-C Grid Voltage (approx.)" -75 -80 -85 
Zero-Signal D-C Plate Current 190 160 140 
Max-Signal D-C Plate Current 700 700 700 
Zero-Signal D-C Screen Current 0 0 0 
Max-Signal D-C Screen Current so 40 38 

275 

" 12 
13 

1..1 

350 
290 
3.5 
825 

'" 630 

4000 
500 

-90 
120 
638 

0 
32 

Effective Load, Plate-to-Plate 
Peak A-F Grid Input Voltage 

7200 9100 10,800 14,000 

140 140 (per tube) 133 145 
Max-Signal Peak Driving Power '·' 9.0 10.2 7.0 
Max-Signal Nominal Driving Power 4.3 4.5 5.1 3.5 
Max-Signal Plate Dissipation 

400 (per tube) 320 363 400 
Max-Signal Plat~ Power Output 1110 1375 1650 1750 
•Adjust for stated zero.signal plate current. 

volts 
volts 
volts 
ma 
ma 
ma 
watts 
watts 

volts 
volts 
watts 
watts 
watts 
watts 

volts 
volts 
volts 
ma 
mo 
ma 
ma 
ohms 

volts 
watts 
watts 

watts 
watts 

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

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., FO'R INFORMATION AND RECOMMENDATIONS. 

APPLICATION • MECHANICAL 
Mounting-The 4-400A 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 of the tube and must also provide clearance for 
the 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 must be protected from severe 
vibration and shock, 
Cooling-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 • Indicates change from sheet dated 4-1-51. 

''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 life 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. If 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 Dissipation-Grid dissipation for the 4-400A should 
not be allowed to exceed 10 watts. Grid dissipation may 
be calculated from the following expression: 

Pg=ecmplc 
where Pg = Grid Dissipation 

ecmp=Peak positive grid to cathode voltage, and 
le =D-c grid current 

ecmp 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
tin 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 or 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 dissipation 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 are 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, or in single-ended circuits ordinary neutralization 
systems may be used 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. tlie 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 mifd 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 strap to the variable capacitor 
and from the variable capacitor to ground should 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-f 
ground with low inductance leads. 

In order to take full advantage of the high power-gain 
obtainable with the 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 grid 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 other circuits. 

• Indicates change from sheet dated 4•1•51. 

VHF Circuits-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
ally 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 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 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 the 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 dissipation 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 contact. 
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4-IOOOA 

E I T E L - Mc C U L LO U 6 H, I N c. 
RADIAL-BEAM 

POWER TETRODE 

MODULATOR 
OSCILLATOR 

AMPLIF.IER 

SAN BRUNO , CALIFORN I A 

The Eimac 4-IOOOA is. a beam power tetrode with a maximum plate diuipation rat ing of 1000 wdtts. 
Intended for use as an amplifier, oscillator, or modulator, the 4-IOOOA is capable of efficient operation well 
into the vhf range. 

In FM broadcast service on 110 Mc., two 4-IOOOA tetrode, will deliver a useful power output over 5000 watt,. 
Operating under class AB, modulator conditions with less than 10 watts of peak driving power, two of 

these tubes will deliver 3900 w11tts of output power. 
With zero watts d riving power in class AB,, a pair of 4-I0OOA tetrodes will deliver 3800 Wdtts of 

power output. 

Cooling of the tube is a ccomplished b y radiation from the plate and by circulation of forced-air throuqh 
the base and around the envelope. Cooling can be simplified through the use of the Eimac 4- IOOOA Air-System 
Socket. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Grid-Screen Amplification Factor (Average) 

Direct lnterelectrode Capacitances (Average) 
Grid- Plate ( without shielding, base grounded) 
Input -
Output 

Transconductance {ib =JOO ma., Eb= 2500 v., E,., =500 v.) 

Highest Frequency for Maximum Ratings -

MECHANICAL 
Base -
Basing 
Recommended Socket 
Mounting position 
Cooling 
Recommended Heat Dissipating Connector: 

Plate 
Maximum Over-all Dimensions : 

Length -
Diameter 

Net Weight {tube only) 
Shipping Weight 

7 .5 volts 
21 amperes 

7 

0,24 /l/J- f d 
27.2 µµf d 

7 .b /l/tf d 
10,000 umhos 

- 110 Mc 

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

Eimac 4- I OOOA Air-System Socket 
Vertical, base down or up 
- Radiatio n and forced air 

If an Air-System Socket is used , mounted on a 1//' deck, the over-all dimensions of the system including 
cooler are 

Eimac HR-8 

9.63 inches 
5.25 inches 
1.5 pounds 
12 pounds 

chimney and HR-8 

Length 
Diameter 

11.75 inches 
7 .5 inches 

No te . Typitdl operdtion ddtd dre bdsed on conditions of adjusting to a specified pldte curr-ent, maintaining fixed condi tions of grid bids. screen 
voltdge and r. f grid voltage. It will be found fhdt if this procedure is followed , there will be little variation in power output between tubes even 
though there may be some variation in grid and screen currents. Where grid b ias is obtai ned principdlly by means of ., qrid resi1tor

1 
to control 

plate current it is necessary to ma~e the resistor c1diustable. 

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 

Class-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 GRID VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSI PATION 
SCREEN DISSI PATION -
GRID DISSI PATI ON 

TYPICAL OPERATION 
D-C Plate Voltage 

{Frequencies below 110 Mc., 
5000 
500 o.c Screen Voltc1ge 

0-C Grid Voltage 
0 -C Plate Current 
0-C Screen Current 
D-C Grid Current 
Screen Dissipation 
Grid Dissipation 
Peak R-F Grid Input Voltage 

(approx,) 
Driving Power (approx.)• 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

3000 4000 
500 500 

- 150 -ISO 
700 700 
146 137 
38 39 
73 69 

5 6 

290 
II 

2100 
670 

1430 

290 
12 

2800 
700 

2100 

-200 
700 
147 
45 
73 
7 

355 
16 

3500 
690 

2810 
•Apparent driving power requirements incre ase above 30 

Mc. the driver should be capable of supplying 200 watts 
take c are of feed -through, circuit losses, and radiation. 

( Effective 6-2-52) Copyright 1953 by Eitel-McCullough, Inc. 

one tube) 
6000 volt, 

500 volt, 
- 200 volt, 

700 ma 
140 ma 
42 ma 
70 wat-ts 

6 wdtts 

350 volh 
IS watts 

4200 wath 
800 watts 

3400 wait, 
Mc . At 110 
per tube to 

- bOOO MAX. VOLTS 
- 1000 MAX. VOLTS 

- 500 MAX. VOLTS 
700 MAX. MA 

1000 MAX. WATTS 
75 M AX. WATTS 
25 MAX. WATTS 

TYPICAL O PERATION ( I 10 Mc., two tubes, push-pull) 
D-C Plate Vo ltage 4000 5000 6000 volts 
D-C Screen Voltage 450 500 500 volts 
0 -C Grid Voltage -150 - 160 - 180 volts 
0-C Plate Current 1.15 1.25 1.25 amps 
0 -C Screen Current 280 240 250 ma 
0 -C Grid Current BO 80 100 ma 
Screen Dissipation (per tube) 63 60 63 watts 
Driving Power (approx. ) 350 400 400 watts 
Plate Power Input 4600 6250 7500 watts 
Plate Diuipation (per lube) 650 850 900 watts 
Useful Power Output 3000 4200 5200 watts 

These 110 Mc. typical performance figures were obtained by dlrect 
me,Huremenr 1n operating equipment. The output power is useful power 
me~uur ".:'d in ,i load circuit. The driving power is that taken by the 
tube <.1nd a practical rPsonant circuit. In many cases with further refine
ment dnd improved tcchinq ues, better performance mig ht be obtained. 

• Indicates changes from sheet dated 11 - 15-50. 
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PLATE MODULATED RADIO FREQUENCY AMPLIFIER 
Class-C Telephony-Carrier Conditions 

MAXIMUM RATINGS (Per tube to 110 Mc.) 

0-C PLATE VOLTAGE 5000 MAX. VOLTS* 

D-C SCREEN VOLTAGE 1000 MAX. VOLTS 

D-C GRID VOLTAGE -500 MAX. VOLTS 

D-C PLATE CURRENT 600 MAX. MA. 

PLATE DISSIPATION 670 MAX. WATTS 

SCREEN DISSIPATION 75 MAX. WATTS 

GRID DISSIPATION 25 MAX. WATTS 

*5500 Max. volts below 30 Mc. 

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR 
Class AB 
MAXIMUM RATINGS (PER TUBE) 

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

TYPICAL OPERATION 
Class AB1 (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage 4000 5000 6000 volts 
D-C Screen Voltage • 1000 1000 1000 volts 
D-C Grid Voltage {approx.)* -115 -125 -135 volts 
Zero-Signal D-C Plate Current 300 240 200 ma 
Max-Signal D-C Plate Current I.OS I.DO .95 amp 
Zero-Signal D-C Screen Current O O O ma 
Max-Signal D-C Screen Current 60 60 64 ma 
Effective Load, Plate-to-Plate 7000 10,000 14,000 ohms 
Peak A-F Grid Input Voltage (per tube) 115 125 135 volts 
Driving Power O O O watts 
Max-Signal Plate Dissipation {per tube) 930 950 930 watts 
Max-Signal Plate Power Output 2340 3100 3840 watts 
*Adjust to give stated zero-signal plate current. The D-C resistance in 
series with the control grid of each tube should not exceed 250,000 
ohms. 

TYPICAL OPERATION {Frequencies below 110 Mc., one tube) 
D-C Plate Voltage - 3000 4000 5000 5500"' volts 
D-C Screen Voltage 500 500 500 500 volh 
D-C Grid Voltage -200 -200 -200 -200 volts 
0-C Plate Current - 600 600 600 600 ma 
D-C Screen Current 145 132 130 IDS ma 
0-C Grid Current " 33 33 28 ma 
Screen Dissipation 72 " 65 52 watts 
Grid Dissipation 5 4 4 ' watts 
Peak A. F. Screen Voltage 

(100% modulation) 250 250 250 250 volts 
Peak R-F Grid Input Voltage 340 335 335 325 volts 
Driving Power** 12 II II 9 watts 
Plate Power Input 1800 2400 3000 3300 watts 
Plate Dissipation 41D 490 560 670 watts 
Plate Power Output • 1390 1910 2440 2630 watts 
*5500 volt operation may be used only below 30 Mc. 
0 Apparent driving power requirements increase above 30 Mc. At 110 

Mc. the driver should be capable of supplying 200 watts 
to take care of feed-through, circuit losses, and radiation. 

TYPICAL OPERATION 

6000 MAX. VOLTS 
1000 MAX. VOLTS 
700 MAX. MA 

1000 MAX. WATTS 
7S MAX. WATTS 

Class AB, (Sinusoidal wave, two t_ubes unless otherwise specified) 
D-C Plate Voltage 4000 5000 6000 
D-C Screen Voltage 500 500 500 
D-C Grid Voltage (approx.)* -60 -70 -75 
Zero-Signal D-C Plate Current 300 200 150 
Max-Signal D-C Plate Current 1.20 1.10 .95 
Zero-Signal D-C Screen Current O O 0 
Max-Signal D-C Screen Current 95 90 65 
Effective Load, Plate-to-Plate 7000 11,000 15,000 
Peak A-F Grid Input Voltage (per tube) 140 145 130 
Max-Signal Peak Driving Power 11.0 11.0 9.4 
Max-Signal Nominal Driving Power 

(approx.) 5.5 5.5 4.7 
Max-Signal Plate Dissipation (per tube) 900 850 900 
Max-Signal Plate Power Output 3000 3800 3900 
*Adjust to give stated zero•signal plate current. 

per tube 

volts 
volts 
volts 
ma 
amp 
ma 
ma 
ohms 
volts 
watts 

watts 
watts 
watts 

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 RECOMMENDATIONS. 

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

APPLICATION 
MECHANICAL 

Mounting-The 4-lO00A 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 of the tube. The socket must also pro
vide clearance for the 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. 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-lO00A 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 the tube. The minimum 
quantity of air required by this system for maximum 
power output at 110 Mc. is 45 cfm 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 • Indicates changes from sheet dated I l-!5-50. 
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temperature limitations may require that cooling air be 
supplied to the tube even when filament alone is on dur
ing stand by periods. 

Tube temperatures may be measured with the aid of 
"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 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-l000A 
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 tube 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-l0O0A 
should not exceed 1000 volts. The screen voltages shown 
under "Typical Operation" are representative voltages 
for the type of operation involved. 

I 
I 
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Plate Voltage-The plate-supply voltage for the 4-l000A 
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. 

Grid Dissipation-Grid dissipation for the 4-lOOOA should 
not be allowed to exceed 25 watts. Grid dissipation may 
be calculated from the following expression: 

Pg=8cmplc 

where: Pg= Grid dissipation, 
ecmp = Peak postive grid to cathode voltage, and 

le= D-c grid current. 
ecmp 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-lO00A 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-lO00A should not be al
lowed to exceed 1000 watts. 

In 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 
Neutralization-If reasonable precautions are taken to 
prevent coupling between input and output circuits, the 
4-l000A 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 provide sufficient capacitance to 
neutralize each tube in the region of 100 Mc. When using 
this method, the two screen terminals on the socket 
should be strapped together by the shortest possible lead. 
The lead from the mid-point of this screen strap to the 
variable capacitor and from the variable capacitor to 
ground should be made with as low inductance as possible. 

In 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 full advantage of the high power gain 
obtainable with the 4-l000A, care should be taken to 
prevent feedback from the output to input circuits. A 
conventional method of obtaining the necessary shielding 
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 the deck. 
Power 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 arranged so as to preclude any possi
bility of feedback into other circuits. 

VHF Circuits-A typical linear tank circuit for use with 
the 4-l000A in the 110 Mc. region consists of a "quarter 
wavelength" plate tank and a "half wavelength'' grid 
tank circuit. Precautions 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 should 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 material, 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 
times 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. A vo.id 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 

•Indicates changes from sheet dated 11-15·50. 
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TENTATIVE DATA 

~ I T ~ L-: M c C U L L O U G 1-1, I N c. 
SAN IRUMO, CALIFORNIA 

The Eimac: 4W20,000A is a high-power, water-cooled transmitting tetrode having a maximum 
plate dissipation rating of 20 kilowatts. 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 sync:hroni1ing power output of 20 kilowatts at 216 Mc:., with a 5-Mc:. bandwidth. 

The coaxial terminal arrangement of the tube is ideally suited for use in cavity c:irc:uits. The 
cathode is a unipotential thoriated tung,ten cylinder of rugged construction, heated by electron 
bombardment. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Unipotential, thoriated tungsten. Heated by electron bombardment. 

D-C Voltage (Approx.) lbOO volts 
D-C Current (Approx.) 1.9 amperes 

Filament: Thoriated Tungsten, Helical 
Voltage 
Current 
Maximum allowable starting current 

Direct I nterelectrode Capacitances (Average) 
Grid-Plate 
Input -
Output 

Screen-Grid Amplification Factor (Average) 
Transconductance ( lb= b.b A., Eb= 3.0 kV., Ec2= 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 Air 
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 

Class-C Telegraphy or FM Telephony ( Per tube-220 Mc. I 

D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current 

(approx.)• 
D-C Grid Current (approx.I 
Peak R-F Input Voltage 
Driving Power (approx . )* 
Screen Dissipation 
Plate Power Input 
Plate Dissipation 
Useful Power Output 

5000 
1200 

-350 
3.6 

167 
50 

455 
750 
200 

18 
7.0 
9.2 

6000 
1200 

-370 
3.6 

167 
50 

475 
780 
200 
21.6 
8.6 

11.5 

7000 volts 
1200 volts 

-400 volts 
3.4 amps 

167 ma 
50 ma 

505 volts 
830 watts 
200 watts 
23 .8 kw 

8.0 kw 
13 .0 kw 

• The perforrridnce f1qures listed above d"~ obtained bv calculation from 
the chcHc1cterishc tuhP curves and confirmed bv direc t tests. The driving 
powe~ and outout power a l low for losses associated with practical 
res.or,an• c,rcuits. 

TYPICAL OPERATION 

15.2 inches 
5.0 inches 
7.6 pounds 
40 pounds 

Class-B Linear Amplifier-Television Visual Service 
(Per tube. 5-Mc. Bandwidth, 216 Mc.) 

Peak Synchroni1ing Level 
Load Impedance 
Effective Length of Plate Line 
D-C Plate Voltage 
D-C Screen Voltage 
D-C Control Grid Voltage 
D-C Plate Current 
D-C Screen Current (approx.) 
D-C Control Grid Current (approx.) 
Peak R-F Grid Input Voltage 
Driving Power (approx.) 
Plate Power Input 
Plate Dissipation 
Useful Plate Power Output 

Black Level 

D-C Plate Current 
D-C Control Grid Current (approx.) 
Peak R-F Grid Input Voltage 
Driving Power (approx.) 
Plate Power Input 
Plate Dissipation 
Useful Power Output 

400 ohms 

'I• w4ve 

5500 volts 
1200 volts 

-240 volts 
7.1 amps 

500 ma 
140 ma 
430 volts 

1500 watts 
39,1 kw 
16.5 kw 
20.1 kw 

5.3 amp, 
50 ma 

330 volts 
875 watts 

29.2 kw 
18.0 kw 
11.2 kw 

These 216 Mc. typiuil performance f igures were obtained by d irect 
measurement in test equipment. The output power is useful power 
measured in a load circuit. The driving power is that taken by the 
tube and a practicdl resonant grid circuit. These figures are subject 
to vc1 ridtion and in many casu, with further refinement and imprcved 
techniques, better performance mighf be obtained. 

(Effective l-1-53) Copyright. 1953 by Eitel Mc-Cullough, Inc. TENTATIVE DAT A • lnd,cotes chon!'je from sheet doted 8-15-52 
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Not•: Typical operation data are based on conditions ?f adiusting to a sfedficied plate current, maintaining fired conditions of grid bias, screen 
voltage, suppressor voltage and r-f grid voltage. It will be found that i this procedure is followed there will be little variation in power 
output betwaan +~bes •.ven though there may be som.e :i-ariation in grid, screen and suppressor currenfs. Where grid bias is obtained principally 
by means of a grid resistor, to control plate current 1t II necessary to make the resistor adjustable, 

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 to the filament, cathode, grid, screen, 
and anode are of successively larger diameters to 
facilitate 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
tween the tube and the external circuit will be 
required to carry high values of charging current. 
It is, therefore, essential that the contactors 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 forced 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 are de
signed to be clamped firmly to the terminal sur
faces of the tube itself and to make sliding 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 unipotential, thoriated tungsten 
cylinder, heated by electron bombardment of its 
inner surface. Bombardment is obtained by using 
the cylindrical cathode as the anode of a diode. A 
helical filament is mounted on the axis of the cathode 
cylinder to supply the bombarding electrons. A d-c 
potential of approximately I 600 volts is applied 
between the filament and the cathode cylinder, and 
the recommended cathode heating power of 3000 
watts is obtained with approximately 1.9 amperes. 

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 filament and 
the cathode cylinder. 

For maximum tube life the filament voltage, 
as measured directly 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 3300 watts. 

Caution: It must be kept in mind that the fila
ment is at a potential of 1600 volts d-c with respect 
to ground. The filament transformer and voltmeter 
must be adequately insulated for this voltage. 

Anode Cooling-The water-cooled anode requires 
6 gallons per minute of cooling water for the rated 
20 kilowatts 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 150°C. 

The cathode and filament-stem also require 
forced-air cooling. A minimum of 30 cubic feet 
per minute must :flow into the space enclosed by 
the outer filament spring collet connection. Part 
of this air flows through the three air holes pro
vided in the center of the base of the tube. 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 
adequately spaced to allow approximately three
quarters of the air to flow through the collet. A 
cylindrical duct of non-metallic material, approxi· 
mately 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 I 5 0 °C. 

Tube temperatures may be measured with the 
aid of "Tempilaq", a temperature-sensitive lacquer 
manufactured by the Tempi! Corporation, 13 2 
West 22nd St., New York I I, 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 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 AND RECOMMENDATIONS. 

•Indicates change from sheet doted 8-15-52 
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WATER INPUT 
COOLER UP 

WATER LINES 

f 0. D. COPPER TUBING WITH f 
S.A.E. FLARE FITTING NUTS 

ANODE----

SCREEN GRID 

CONTROL GRID 

ALL DIMENSIONS 
IN INCHES 

4W20,000A 

• Indicates change from sheet doted B-15-52 
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4X150A 

E I T E L - Mc C U L LO U G H, I N c. 

RADIAL-BEAM 

POWER TETRODE 

SAN BRUNO, CALIFORNIA 
These 0a!a apply to type 4X1500 
which is identical to 4Xl50A except 
for the heater rating of 26.5 volts 
o.~7 ampere. 

The Eimac 4X 150A is a compact power tetrode intended for use as an amplifier, oscillator or 
frequency multiplier over a wide range of frequencies arlending into tha UHF region. It is cooled by 
forced air. 

A single 4X 150A operating in a coaxial-cavity amplifier circuit will de liver up to 140 watts of 
useful power output at 500 megacycles. 

The maximum rated plate voltage for the 4X I S0A is 1250 volts, and the tube is capable of good 
performance with plate voltages as low as 400 volts. Its high ratio of transconductance to capacitance 
and its I SO-watt plate dissipation rating make the 4X I S0A useful for wide-band amplifier applications. 

The use of the Eimac 4X I S0A Air-System Socket, or a socket providing equivalent air-cooling 
facilities, is required. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide Coated, Unipotential 

Minimum H eating Time 
Cathode-to-Heater Voltage 

Heater: Voltage 
Current 

Grid-Screen Amplification Factor (Average) 

Direct lnterelectrode Capacitances (Average) 
Grid-Plate 
Input 
Output 

Transconductance (E.=500v., E,,= 250v., 1•= 200 mal 

Frequency for Maximum Ratings 

MECHANICAL 
Base 

Recommended Socket 

Base Connections 

Mounting -

Cooling 

Maximum Overall Dimensions: 
Length 
Diameter -
Seated H eight 

Net Weight 

Shipping Weight 

30 
150 

6.0 
2.6 

0.03 
15.5 
4.5 

seconds 
max. volts 

volts 
amperes 

5 

uuf 
uuf 
uuf 

12,000 umhos 
500 Mc 

9-pin, special 

Eimac 4XI 50A Air-Syste m Socket 

See outline drawing 

Any position 
Forced air 

2.47 inches 
1.65 inches 
1.91 inches 

5.2 ounces 

1.6 pounds 

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of 
grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even 
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a qrid resistor, to control 
plate current it is necessary to make the resistor adjustable. 

RADIO-FREQUENCY POWER 
AMPLIFIER OR OSCILLATOR 
Class-C Telegraphy or FM Telephony 
( Key-down conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLT AGE 1250 MAX. VOLTS 

D-C SCREEN VOLT AGE - 300 MAX. VOLTS 

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 

(Effec!ive 8-15-52) Copy,ight 1952 by Eitel-McCullough, Inc . 

TYPICAL OPERATION (Frequencies up lo 165 Mc., por tube) 
0-C Pla!e Voltage - 600 750 1000 1250 vol!s 
0 -C Screen Voltage 250 250 250 250 volts 
0-C G,id Vol!age . -75 -80 - 80 -90 vol!s 
0 -C Plate Current - 200 200 200 200 ma 
0-C Screen Current 37 37 JO 20 ma 
0-C Grid Curren! - 10 10 10 10 ma 
Peak R-F Grid Voltage (app,ox.) - 90 95 95 105 vol!s 
Driving Power (approx.) I I I 1.2 watts 
Pla!e Power Input - 120 150 200 250 watts 
Plate Power Output - 85 110 150 195 watts 
The performance figures for frequencies up to 165 Mc. are obta ined by 
calculation from the tube characteristic curves and confirmed bv direct 
te-sts. The driving power includes only power taken by the tube grid and 
the bias circuit. The driving power and output power do not allow for 
losses in the associated resonant circui ts. 
TYPICAL OPERATIO N (Single tube, 500-Mcl coaxial ,cavi!y) 
0-C Plate Voltage - 600 800 1000 1250 volts 
0-C Screen Vol!age 250 250 250 280 vol!s 
0 -C G,id Vol!age - -110 -110 -110 -115 volts 
0 -C Plate Current - 170 200 200 200 ma 
0 -C Screen Current 6 7 7 5 ma 
0-C Grid Current - 6 10 10 10 ma 
O,iver Ou!pu! Power (approx.) 15 20 25 30 watts 
Power Input 102 160 200 250 watts 
Useful Power Output 50 95 120 140 watts 
These typical pe rformance figures were obta ined by direct me.,surement 
in operating equipment. The out put power is useful powe1 measured in 
a load circuit . The driving power is the to tal power taken by the tube 
""d " practic-,1 resonant circuit. In many cases with fu rther refinement 
and improved techniques better perform.,nce might be obtained. 

Supersedes Shee! Dated 2-15-52 
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PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 
Class-C Telephony I Carrier conditions, per tube l 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 1000 MAX. VOLTS 
D-C SCREEN VOLTAGE 300 MAX. VOLTS 
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-B Linear, Television Visual Service (per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 1250 MAX. VOLTS 
D-C SCREEN VOLTAGE 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 VOLTAGE 400 MAX. VOLTS 

D-C PLATE CURRENT 250 MAX. MA 

PLATE DISSIPATION - 150 MAX. WATTS 

SCREEN DISSIPATION 12 MAX. WATTS 

GRID DISSIPATION 2 MAX. WATTS 

Page Two 

TYPICAL OPERATION (Frequende5 up to lt.5 Mc.J 

D-C Plate Voltage - 400 600 800 1000 volts 

D-C Screen Voltage 250 250 250 250 volts 

D-C Grid Voltage -90 -95 -100 -105 volts 

D-C Plate Current • 200 200 200 200 mo 

D-C Screen Current 40 35 25 20 mo 

D-O Grid Current 8 IO 15 mo 

Peak A-F Screen Voltage at crest 
of 100% Modulation • 140 150 160 170 volts 

Peak R-F Grid Input Voltage 
{approx.) 110 120 120 125 volh 

Driving Power (approx.) 1.5 watts 

Plate Dissipation 25 40 60 60 watts 

Plate Power Input BO 120 160 200 watts 

Plate Power Output 55 80 l00 140 watts 

TYPICAL OPERATION {Frequencies up to 216 Mc., 5-Mc. bandwidth) 

D-C Plate Voltage 750 1000 1250 volts 
D-C Screen Voltage 300 300 300 volts 
0-C Grid Voltage -60 -65 -70 volts 

During Sync-Pulse Peak: 

D-C Plate Current 335 330 305 mo 
D-C Screen Current 50 45 45 mo 
D-C Grid Current 15 20 25 mo 
Peak R-F Grid Voltage 85 95 l00 volts 
R-F Driver Power (approx.) 7 8 ' watts 
Useful Power Output 135 200 250 watts 

Black Level: 

D-C Plate Current 245 240 230 mo 
D-C Screen Current 20 15 IO mo 
D-C Grid Current 4 4 4 mo 
Peak R-F Grid Voltage (approx.) 65 70 75 volts 
R-F Driver Power (approx.) ,4.25 4.7 5.5 watts 
Plate Power Input 185 240 290 watts 
Useful Power Output 75 110 140 watfs 

TYPICAL OPERATION 
Class AB (Sinusoidal wave, 
D-C Plate Voltage -

two tubes unless otherwise specified) 

D-C Sr;reen Voltage - -
D-C Grid Voltage (approx,)' 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Zero-Signal D-C Screen Current 
Mai-Signal D-C Screen Current 
Effective Load, Plate-to-Plate 
Peak A-F Grid Input Voltage 

(per tube) 
Driving Power 
Mai-Signal Plate Dinipation 

(per tube) 
Mai-Signal Plate Power Output 

600 BOO I 000 1250 volts 
300 300 300 300 volts 
-44 -47 -47 -4B volts 
160 120 120 I 15 mo 
3B0 380 380 390 ma 

0 0 0 0 ma 
65 65 60 40 ma 

3550 4625 5850 7200 ohms 

44 
0 

47 
0 

47 
0 

48 volts 
0 watts 

45 
140 

55 
195 

70 
240 

90 watts 
310 watfs 

•Ad[ust grid voltage to obtain specified zero-signal plate current. 
M,aximum permissible grid circuit series resistance 100,000 ohms per tube. 

TYPICAL OPERATION 
Class AB, (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage - 600 800 1000 1250 volts 
D-C Screen Voltage 300 300 300 300 volts 
D-C Grid Voltage" -41 -43 -43 -44 · volts 
Zero-Signal D-C Plate Current 185 160 165 180 m, 
Max-Signal D-C Plate Current 485 490 495 475 mo, 
Zero-Signal D-C Screen Current 0 0 0 0 ma 
Max-Signal D-C Screen Current 85 75 70 65 mo 
Effective Load, Plate-to-Plate 2600 3500 4600 5600 ohms 
Peak A-F Grid Input Voltage 

49 50 volts (per tube) 47 48 
Max-Signal Peak Driving Power 0.15 0.15 0.15 0.15 watfs 
Max-Signal Nominal Driving Power 

75 75 (approx.) 75 75 mw 
Mait-Signal Plate Dissipation 

(per tube) 60 75 90 85 watts 
Max-Signal Plate Power Output 170 240 315 425 watts 

"*Adjust grid voltage to obtain specified zero-signal plate current. 

I 

' 

I 
I 
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APPLICATION 

MECHANICAL 

Mounting-The 4X150A may be mounted in any position. 
Use of the Eimac 4Xl50A Air-System Socket, or its 
equivalent, is required. 

The tube will fit a standard "loktal" socket, 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 4X150A 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 flow. 
Seven and one-half cubic feet of cooling air per minute 
must flow through the Air-System Socket and the anode 
cooler 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 flow, 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 Tempil 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 heater 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 
inQuctance. 

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 freqtencies 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 driving 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 Dissipation-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 time 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 operation 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 
4X150A 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 -AB1 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. 

Page Three 
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ANODE 

COOLER 

SCREEN 
GRID 

::;I 
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"' r<) 
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DIMENSIONS 
IN INCHES 

x 
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rl.6/2_5_±t-.0-15--sc--DI_A_. --+-------------1----r 

1.406 DIA. MAX. 

,-, 
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.303±.005 

1.425 ± .008 DIA . 

BOTTOM VIEW 
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PIN NO. I SCREEN GRID 
PIN NO. 2 CATHODE 

PIN NO 3 HEATER 
PIN N0.4 CATHODE 

X 
ct 
:ll 

co 
"' st 
C\i 

PIN No. 5 I C 00 NOT USE FOR 
'-"-'-'-'-"

0=---"·=· EXTERNAL CONNECTION 
PIN NO. 6 CATHODE 
PIN NO. 7 HEATER 

PIN NO. 8 CATHODE 

CENTER PIN-CONTROL GRID 
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The Eimac 4X I SOA/4000 and 4X I S0A/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 I SOD 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 180° Centigrade. The contact fingers 
are of spring alloy and all metal parts are silver plated to reduce r-f losses. 

The 4X I S0A/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 SOA/ 40 IO Air-System Socket is characterized by having the four 
cathode connecting tabs ( Numbers 2, 4, 6 and 8) riveted permanently to the 
socket skirt. This type socket is intended for use in circuits where the cathode 

of the tube is at chassis potential. 

4X 1 S0A / 4000 

4X150A/ 4010 
AIR-SYSTEM 

SOCKETS 

MOUNTING-If the tube and socket are to be used in a coaxial-line circuit, the L--------------
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 1/s" outside diameter, and four 
mounting holes are provided ( See Outline Drawings), 

For chassis mounting, a 2 1/-4" 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 I SOD, 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 

4X I S0A/ 40 I 0 

4X150A/ 401 I 

SOCKET IDENTIFICATION 

DESCRIPTION 

- 4X I 50A 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 

(Effective 6-15-53) Copyright 1953 by Eitol-McCullo ugh. Inc. 
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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 180° 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) riveted permanently to the 
socket skirt. This type socket is intended for use in circuits where the cathode 
of the tube is at chassis potential. 

4X 1 S0A / 4000 

4X150A/ 4010 
AIR-SYSTEM 

SOCKETS 

MOUNTING-If the tube and socket are to 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 % " outside diameter, and four 
mounting holes are provided ( See Outline Drawings) . 

For chassis mounting, a 2 1/-4" 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 1500, 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 

4X I S0A/40 I 0 

4X I S0A/4011 

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 

(Effecti•o 6-15-53) Copyright 1953 by Eitel•McCullough, Inc. 
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• 6 MACHIN£ SCREW 
LENGTH AS R£.O 'O 

SCR[EN GRIQ 
CONTACT FINGERS 

14• DIA.· 4 HOLES 
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CAVITY MOUNTING 
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FQR CONTROL 
GRIQ CON NECTION 

0lMENSI0NS 

IN INCH£s 
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BOTTOM Vtf: W 

4X150A/4001 

SlbVEREQ MIGA 
SCREEN GRID B'l'·PASS 

~ 

.L 
32 

I • 

I 
11" 

GQNN£CTIONS 
HQ I SCREEN GRID 

~ 
~ -~ 

• 5 NO CONNECTION 
~ 
Lt!£!WI 
~ 

4X1 S0A/4006 

I 
l 

i 
----, 

• s-32 THREAD 
FQR CONTROL -
GRIQ CONN£CT!OH 

01M[NSION5 

~ 

4X150A/4010 
with 4X150A 

BOTTOM VIEW 

4X1 S0A/4011 

SILVERED MICA 
SCR[[N GRIQ 8Y·PASS 
CAPACITOR 

CATHODE CONNECTORS 

2,.-i16 AND 8 GROlWDED TO SHELL 

<tONNfCTIONS 
NO I SCREEN GRI D 

~(~) 

~ 
- ~(~) 

. ' "'° CONN£CTIQN ~•-l 
L!!Wil1 
~IGROUHOED) 
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~ I T ~ L- MC Cu L LO u G 1-1, INC. 
SNN IRUM O , CALIFORNIA 

The Eimac 4X I S0A/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 I 50D 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 180° 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) riveted permanently to the 
socket skirt. This type socket is intended for use in circuits where the cathode 
of the tube is at chassis potential. 

MOUNTING-If the tube and socket are to 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 % " outside diameter, and four 
mounting holes are provided ( See Outline Drawings). 

4X 1 SOA / 4000 

4X1SOA/ 4010 
AIR-SYSTEM 

SOCKETS 

For chassis mounting, a 2 1/4" 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 ,-,.,-,.f ± 500 ,-,.,-,.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 a ir 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 S0A/ 400 I 

4X I 50A/ 4006 

4Xl50A/4010 

4X I 50A/4011 

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 

(Effective 6-15-53) Copyrig ht 1953 by Eitel-McCullough, Inc. 
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TENTATIVE DATA 

E I T E L- Mc C UL LO U 6 H, I N c. 
SAN BRUNO, CALIFORNIA 

The Eimac 4XISOG i, an extremely compact external.anode tetrode intended for use as a radio-frequency 
dmplifier, frequen cy multiplier, or oscillator at frequencies well into the UHF region or as an amplifier in any 
service requiring a high-ga in tube capable of delive ring high power-output at low pla te-vol ta ge. The co mbination 
of a high ratio of transconductance to capac::i tcance and a plate dissipatio n capability of 150 wath makes t he 
tube an excellent wide-band amplifier for video applications. 

The cathode, grid and screen electrodes are mounted on conical and cylindrical supporh giving a minimum 
of circuit discontinuities and lead inductance. The rugged cylindrical te rminals, progressively larger in site, allow 
the tube to be inse rted in coaxial line cavities. The screen support and terminal provide maximum isolation be
tween the grid cathode terminals and the plate c ircuit. 

In amplifier service a t 500 megacycles, output power of 140 wa tts per t ube , with a stage powe r-gain of 20, 
can be obtained. At 1000 megacycles an output power of 50 watts per fube is o btained with a power-gain of five. 

GENERAL CHARACTERISTICS 
ELECTRICAL MAO(. IN U e A 

Cathode: Coated Unipotential 
Heater Voltage 
Heater Current 
Minimum Heating Time 

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

Grid-Pl ate ( without shielding) 

Input 

Output 

Grounded Grid 
less than .005 

17. 

4.5 

Transconductance (i. =250 ma ., e . =500 v., E0 , =250 V.) 

MECHANICAL 

2.5 volts 
6.25 ampere, 

30 ,econds 
5.0 

.035 µ.µ.fd 

27 µ.µ.fd 

4 .5 µ.µ.fd 

12,000 µ.m hos 

Cooling Forced Air 
At 150 watts plate dissipation, a minimum flow of 5.b cubic fe~t of air per minute must be passed t hroug h 

the anode cooler. The pressure drop across the cooler at t his flow equals 0.2b inches of wa ter. Forced-air cooling 
of the base terminaf assembly must be provided even though heater alone is on tube during standb y conditions. 
In no case shou ld the temperature of the metal-to-glass seals or the core of the anode cooler exceed 150° C. 
Mounting position Any 
Maximum Overall Dimensions 

Length 
Diameter 
Maximum Seated Height 

Net Weight 
Shipping Weight (Average) 

RADIO FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy or FM Telephony (Key-down conditions, per lube) 

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. VOL TS 
300 MAX. VOLTS 

-2SO MAX. VOLTS 
2SO MAX. MA. 
150 MAX. WATTS 
ISO MAX. °C 
15 MAX. WATTS 
2 MAX. WATTS 

•Maximum permissible g rid circuit resista nce 25,000 ohms 

TYPICAL OPERATION 

Single tube, frequencies below I65-Mc. 

D-C Plate Voltage 600 750 1000 1250 Volts 
D-C Plate Current 200 200 200 200 Ma. 
D-C Screen Voltage 250 250 250 250 Volts 
D-C Screen Current 37 37 31 20 M•. 
D-C Grid Voltage - -75 -80 -80 - 90 Volts 
0-C Grid Current II II 10 11 Ma. 
Peak R-F Grid Volta;• (Appro1.) 91 96 9S 106 Volts 
Driving Power (appro1.) 1.0 I.I 1.0 1.2 Watts 
Power Input 120 ISO 200 2SO Watts 
Power Output 85 110 ISO 195 Watts 
Heater Voltaqe' 2.5 2.5 2.5 2.5 Volh 

Single tube, 750-Mc. ( Coaxial cavity) 

D-C Plate Voltage 1250 Volts 
D-C Plate Current 200 Ma. 
D-C Screen Voltage 250 Volts 
D-C Screen Current 5 Ma. 
D-C Grid Voltage -60 Volts 
D-C Grid Current 5 Ma. 
Peak R-F Grid Voltage (appro1.) 85 Volts 
Driving Power (appro,.) 9 Watts 
Power Input 250 Watts 
Power Output 100 Watts 
Heater Voltage' See note 

I Effective 3-1 S-53) Copyright 1953 by Eitel-McCullough, Inc, 

21/a 
1.625±.020 

1-27 / 32 
6 
1.6 

inches 
inches 
inches 

ounces 
pounds 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
Class-C Telephony 
MAXIMUM RATINGS (Corrie, Conditions) 
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 TEM PERATURE 
SCREEN DISSIPATION 
GRID DISSIPATION 

-2SO MAX. VOLTS 
200 MAX. MA. 
100 MAX. WATTS 
ISO MAX. °C. 

15 MAX. WATTS 
2 MAX. WATTS 

•Maximum permissible grid circuit resistance 25,000 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 
Single tube oscillator, 1200-Mc. 
Pulsed Plate Voltage 
Pulsed Plate Current 
Pulsed Screen Voltage 
Pulsed Screen Current 
D-C Grid Voltage 
Pulsed Grid Current 
Pulse Duration -
Pulse Repetition Rate 
Peak Power Output -
Heater Voltage' 

7000 MAX. VOLTS 
1500 MAX. VOLTS 

-500 MAX. VOLTS 

5 
4.0 

800 
0.3 

-200 
0.5 
4 

2500 
10 

5 MICROSECONDS 
7 MAX. AMPS 

250 MAX. WATTS 
150 MAX. WATTS 
150 MAX. °C 

IS MAX. WATTS 
2 MAX. WATTS 

7 
'-0 

1000 
0.4 

-250 
0.6 
4 

1250 
20 

Kilovolts 
Amp1. 
Volts 
Amps. 
Volh 
Amps. 
Microsecond1 
Per second 
Kilowatts 
See Note ' 

1Hea ter Vo ltage-Due to transit t ime back heating e ffects. the heater 
voltage should be red uced whe n operating at fr equencies a bove 400 Mc. 
This vo ltage reduction should be made afte r dyna mic operat ion of tl'le 
t ube has started . Since back heat ing is a funct ion of freq uency, g rid 
current, grid bias. ci rcuit desig n a nd ci rcui t adjustment, the amount of 
bad heating va ries considera b ly with d iffe rent methods of o peration. 
The fol lowing table is a n appro,cimate g uide for normal t ube operation: 

Fre quency up to 400 Mc.1400 to 1000 Mc. 11000 to 1500 Mc. ,above 1500 
Heater Voltage 2 .5 v 2.2 v 2.0 v 1.8 v 

TENTATIVE DATA 

Mc. 
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E I T E L - Mc C U L LO U G H, I N c. 
SAM BRUNO, CALIFORNIA 

The Eimac 4X500A is an external-anode tetrode having a maximum plate d issipation rating of 
500 watts. Its small size and low-inductance leads permit efficient operation at relatively large outputs 
well into the VHF region. The screen grid is mounted on a disc which terminates in a connector ring 
located between grid and plate, thus making possible effective shielding between the grid and 
plate circuits. The grid terminal is located at the center 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 4X500A at high frequencies, making 
neutralization unnecessary in most cases and greatly simplifying it in others. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 
Current 

Screen Grid Amplification Factor ( Average I 
Direct lnterelectrode Capacitances (Average) 

Grid-Plat& 
Input 

Output 

Transconductance (ib=200 ma., eb=2500 v., Ec, =500 v.) 
Fr&quency for Maximum Ratings 

5.0 volts 
13.5 amperes 

b.2 

0.05 µµJd 

12.8 µµ. fd 

5.b µµfd 

5200 µ.mhos 

120 Mc. 

• MECHANICAL 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight 
Shipping Weight (Average) 
Mounting Position 
Cooling 

4.75 inches 
2.b25 inches 

- 1.17 pounds 
- b pounds 

Vertical, base down or up 
Forced Air 

At SOO watts plate dissipation, a m1n1mum air-flow of 40 cub ic feet per m inute mud be passed through the anode cooler. The pr•ssure drop 
across the cooler at this rate of flow equals 1.4 inches of water. Forced-air cooling must be provided for the base and screen seals. Normally, 
suitable amounts of air may be obtained from a small centrifugal blower directed at the seals. In no case should the temperature of the metal
to-glass seals or the core of the anode cool•r e,ceed IS0°C . Cooling air specified above must be applied to the seals and the anode cooler 
prior to the application of filament power and continued for three minutes after power is removed from the filament. 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C FM or Telegraphy ( Key-down condition,, 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 

• TYPICAL OPERATION ( Per tube, at 

D-C Plate Voltage - - - - -
o.c Plate Current 
D-C Screen Voltage 
D-C Screen Current - - - - ~ 

4000 MAX. VOL TS 

500 MAX. VOL TS 

-500 MAX. VOLTS 

350 MAX. MA. 

500 MAX. WATTS 

30 MAX. WATTS 

10 MAX. WATTS 

110 Mc.) 

2500 3000 4000 Volts 

310 310 315 Ma. 
500 500 500 Volts 

2b 24 22 Ma. 
0 -C Grid Voltage - - -150 -150 -150 Volts 
D-C Grid Current - - 15 lb lb Ma. 
Driving Power {approx.) 5 5 5 Watts 
Useful Power Output {approx.) 475 bOO 835 Watts 

(Effective 2-15-51) Copyright 1~53 by Eitel-McCu:loug h, Inc. 

• RADIO FREQUENCY POWER AMPLIFIER 
Clau-8 Linear Amplifier. Television Visual Service 

MAXIMUM RATINGS FOR TV (Frequencies up to 220 Mc.) 
D-C PLATE VOLTAGE 3000 MAX. VOLTS 
D-C PLATE CURRENT 350 MAX. MA. 
0-C SCREEN VOLTAGE 500 MAX. VOLTS 
PLATE DISSIPATIO'N 500 MAX. WATTS 
SCREEN DISSIPATION 30 MAX. WATTS 
GRID DISSIPATION - 10 MAX. WATTS 

TYPICAL OPERATION 
(Per tube at peak synchroniz.inq level, 5-Mc. bandwidth, assumed load 
resistance 3,000 ohms per tube.) ' 
D-C Plate Voltage 
0 -C ScrHn Voltage 
D-C Grid Voltage 
0 -C Plat, Current 
D-C Screen Current (appro,.J 
D-C Grid Current (appro,.J 
Peak R-F Grid Voltage 
Driving Power, 220 Mc. (appro,.) 
Plat, Power Input 
Power Output 

BLACK LEVEL 

1850 
500 

-100 
285 

20 
10 

140 
15 

525 
300 

2400 
500 

-100 
4001 

35 
IS 

185 
25 

960 
600 

Volts 
Volts 
Volts 
Ma. 
Ma. 
Ma. 
Volts 
Watts 
Watts 
Watts 

0-C Plate Current 215 300 Ma. 
0 -C ScrHn Current 2 3 Ma. 
D-C Grid Current 2 5 Ma. 
Plato Power Input 400 720 Watts 
Pla to Dissipation 230 380 Watts 
Power Output 170 340 Watts 
t Operating conditions at peak synchronizing level may be permitted fo 
exceed maximum rati ngs of the tube because o f the low duty factor. 
Maximum ra tings apply to black level condi t ions. 

• Indicates change from sheet dated 11-15-•o 
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SAN RUM'O , CAL I FORNIA 

The Eimac 4E27A / 5-125B is a power pentode int ended for use as a modulator, oscillat o r o r 
amplifier. The driving-power requirement is very low, and neutralization problems are sim plif ied o r 
eliminated entirely. The tube has a maximum plate-dissipation rating of 125 watts and a maxim um 
plate voltage rating of 4000 volts at frequencies up to 75 Mc. Cooling is by convection and radia
t ion. Type 4E27A/ 5-1 258 unilaterally re places type 4E27 . 

The 4E27 A / 5-1258 in class-C r-f service will deliver up to 375 watts plate power output with 
less than 2 wa tts driving power. It will deliver u p to 75 wa tts of carrier for suppressor mod ulation. 

Two 4E27A/ 5-125B's will deliver up to 300 watts maximum-signal plate powe r output in class 
AB, modulator service, 400 watts in class AB, with less than I watt driving power, 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament : Thoriated tungsten 

Voltage 

Current 

Grid-Screen Amplificatio n Factor (Average) -

Direct lnterelectrode Capacitances (Average) 
Grid-Plate 

Input 

Output 

5.0 volts 

7 .5 amperes 

5.0 

0.08 µ.µfd 
10.5 /J.µfd 

4.7 µ.µ.Id 

Transconductance (l.=50ma., E.,= 2500v., E,., =500v., E,.,= 0 v.} 

Highest Fre quencies for Maximu m Ratings 

2150 µ.mhos 

75 Mc. 

MECHANIC AL 
Base 
C onnections 

Socket* 

Mounting Po sitio n 

C ooling 

Recommended Heat Dissipating Plate Connector • 

M a ximum Over-All Dimensions: 

Length 

Diameter 

Net Weight (Average) 

Shipping Weight 
•See "Coolinq" under Applic<ltion Notes. 

7 -pin, metal shell 

- See drawing 

E. F. Johnson C o. No. 122-23 7, or equivalent 

Vertical, base d o wn o r up 

Convection and radiation 

4E27 A/S-125B 
RADIAL-BEAM 

POWER PENTODE 

MODULATOR 
OSCILLATOR 

AMPLIFIER 

Eimac HR-5 

6.19 inches 

2.75 inches 

6 .0 ounces 

2 .0 pounds 

Note : Typical operation data are band on conditions of adjusting to a specified plate current, maintaining fixed conditions of g rid bi.u, screen 
vol tage, suppressor voltdge and r•f g rid voltage . It will b e found tha t if this procedure is follow•d , there will be little va riation in power 
output between tubes even though there may be some variat ion in grid , screen and suppressor currents. Where grid bias is obtained principally 
by means of a g rid ruistor, to cont rol plate current it is necessary to make the resistor adjustable. 

RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION 

OR OSCILLATOR Zero Suppressor Volts. 500 Screen Volts 
D-C Plate Voltage 1000 1500 2000 2500 3000 volts 

Class-C Telegraphy or FM Telephony, Fre que ncies up to 7 5 Mc. D-C Grid Voltage - 120 - 130 -150 -170 -200 volts 
( Key-down conditions, per tube} 0-C Plate Current 145 180 200 184 167 ma 
MAXIMUM RATINGS 0 -C Screen Current• 17 20 23 18 12 ma 
D-C PLATE VOLTAGE 4000 MAX. VOL TS 0-C Grid Current• 6 8 I I 9 ma 
D-C SCREEN VOLTAG E 750 MAX. VOLTS Peak R-F Grid Input Voltage 170 200 240 250 270 volh 
D-C G RID VOLTAGE - 500 MAX. VOLTS Driving Power• 1.0 1.6 2.6 2.3 1.9 watts 
D-C PLATE CURRENT 200 MAX. MA G rid Oissipc;1tion• .3 .6 1.0 .8 .5 watts 
PLATE DISSI PATIO N 125 MAX. WATTS Screen Dissipat ion• 8.5 10 12 9 watts 
SUPPR ESSOR DISSI PATION 20 MAX. WATTS Plate Dissipation 55 95 125 12S 12S watts 
SCREEN DISSIPATION 20 MAX. WATTS Plate Power Input 145 270 400 460 500 watts 
G RID DISSI PATION 5 MAX. WATTS Plate Power Output 90 17S 275 335 375 watts 

TYPICAL OPERATION TYPICAL OPERATION 
bO Suppressor Volts, 500 Screen Volts Zero Suppressor Volts , 7S0 Screen Volts 
D-C Plate Voltage 1000 1500 2000 2500 3000 volts D-C Plate Voltage 1000 1500 2000 2500 3000 volts 
D-C Grid Voltage -IW -IM -150 -lro -200 volts D-C Grid Voltage -1 70 - 180 -200 -225 -250 volts 
Q.C Plate Current 167 200 200 186 167 ma 0-C Plate Current 160 200 200 186 167 ma 0 -C Suppressor Current• 6 5 4 3 3 ma D-C Screen Curre nt• 21 24 22 12 9 ma 0-C Screen Current• 11 II II 7 5 ma 0-C G r id C urrent• 3 6 6 4 3 ma 0-C Grid Current• 6 8 8 7 6 ma Peak R-F Grid Input Voltage 205 235 257 270 290 volts Peak R-F Grid Input Voltage 170 200 222 240 260 volts Driving Power• .6 1.4 1.5 I. I ,9 watts Driving Power• 1.0 1.6 1,8 1.7 1.6 wafts 

Grid Dissipation• .I .4 .3 .2 .2 watts Grid Dissipation' .3 .6 .6 .s .6 watts 
Screen Dissipation• 5.5 5.5 5.5 3.5 1.5 watts Screen Dissipation* 16 18 17 9 7 watts 
Plate Diuipat ion 47 85 100 115 125 watts Plate Dissipation 45 85 100 115 125 watts 
Plate Power Input lb7 300 400 465 500 wc,fts Plate Power Input 160 300 400 465 500 watts 
Plate Power Output 120 215 300 350 375 wath Plate Power Output 115 215 300 350 375 Wctth 

• Appro,(lmate Values 
( Effective 8-15-~2) Copyright, 19S2 by Eitel-McCullough, Inc . Supersedes Sheet Dated 12-1 -49 



PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony, Frequencies up to 75 Mc. 
(Carrier conditions, per tube, unless otherwise specified} 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE -
D-C PLATE CURRENT 
PLATE DISSIPATION 
SUPPRESSOR DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

SUPPRESSOR-MODULATED 
RADIO-FREQUENCY AMPLIFIER 
Class-C Telephony, Frequencies up to 75 Mc. 

3200 MAX. VOLTS 
750 MAX. VOLTS 

-500 MAX. VOLTS 
160 MAX. MA 
85 MAX. WATTS 
20 MAX. WATTS 
20 MAX. WATTS 

5 MAX. WATTS 

(Carrier conditions, per tube, unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE -

D-C PLATE CURRENT 

PLATE DISSIPATION 

SUPPRESSOR DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION 

4000 MAX. VOLTS 

750 MAX. VOLTS 

-500 MAX. VOLTS 

200 MAX. MA 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

5 MAX. WATTS 

AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-AB, Sinusoidal Wave 

MAXIMUM RATINGS (Pe, Tube) 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE -

D-C PLATE CURRENT 

PLATE DISSIPATION 

SUPPRESSOR DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION 

4000 MAX. VOLTS 

750 MAX. VOLTS 

-500 MAX. VOLTS 

200 MAX. MA 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

5 MAX. WATTS 

TYPICAL OPERATION 
Zero Suppressor Volts, 500 Screen Volts 

D-C Plate Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current* 
D-C Grid Current• 
Peak A-F Screen Voltage 

(100% Modulation) 
Peak R-F Grid Input Voltage 
Driving Power* 
Grid Dissipation* 
Screen Dissipation* 
Plate Dissipation 
Plate Power Input 
Plate Power Output 

TYPICAL OPERATION 

0-C Plate Voltage 
0-C Suppressor Voltage 
Peak A-F Suppressor Voltage 

{ 100% Modulation) 
D-C Screen Voltage 
Fixed D-C Screen Voltage 
Screen Dropping Resistorl 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current• 
D-C Grid Current• 
Peak R-F Grid Input Voltage 
Driving Power• 
Grid Dissipation• 
Screen Dissipation• 
Plate Dissipation 
Plate Power Input 
Plate Power Output 
1Adjust to stated d-c screen voltage. 

1000 1500 2000 2500 volts 
-190 -195 -200 -205 volts 

149 150 151 152 ma 
20 18 17 " ma 
7 7 8 8 ma 

350 350 350 350 volts 
260 265 270 275 volts 

2 2 2 watts 
0.5 0.5 0.5 0.5 watts 

ID ' 8.5 8 watts 
64 72 80 85 watts 

149 225 300 380 watts 
85 153 220 295 wath 

1500 2000 2500 3000 volts 
-220 -260 -305 -350 volts 

220 260 305 350 volts 
400 400 400 400 volts 
610 645 650 610 volts 

5500 9100 J0,000 8300 ohms 
-170 -ISO -190 -200 volts 

59 59 59 60 ma 
38 27 25 25 ma 
6 5 5 4ma 

230 235 245 250 volts 
1.4 1..3 1.2 1.2 watts 
.35 .25 .25 .20 watts 

15 11 10 10 watts 
54 68 87 105 watts 
89 I IS 148 ISO watts 
35 50 6 I 75 watts 

TYPICAL OPERATION (Two tubes unless otherwise specified) 
Class-AS1 

D-C Plate Voltage 1500 2000 2500 volts 
D-C Suppressor Voltage O O O volts 
D-C Screen Voltage 500 500 500 volts 
D-C Grid Voltage1 -70 -.SO -85 volts 
Zero-Signal D-C Plate Current 110 85 65 ma 
Max-Signal D-C Plate Current 205 210 220 ma 
Zero-Signal D-C Screen Current• ma 
Max-Signal D-C Screen Current* 15 13 S ma 
Effective Plate-to-Plate Load 13,700 IS,00020,000 ohms 
Peak A-F Grid Voltage (per tube) 70 80 85 volts 
Max-Signal Driving Power* 0 0 watts 
Max-Signal Plate Power Input 310 420 550 watts 
Max-Signal Plate Power Output 200 250 300 watts 
'Adiust to stated zero-signal d-c plate current. The effective grid cir
cuit resistance for each tube must not exceed 250.000 ohms. 

TYPICAL OPERATION (T~o tubes unless otherwise specified) 
Class-AB, 

D-C Plate Voltage 
D-C Suppressor Voltage 
D-C Screen Voltage 
D-C Grid Voltage' 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Zero-Signal D-C Screen Current* 
Max-Signal D-C Screen Current* 
Effective Plate-to-Plate Load 
Peak A-F Grid Input Voltage (per tube) 
Max-Signal Driving Power• 
Max-Signal Plate Power Input 
Max-Signal Plate Power Output 
1Adjust to stated zero-signal d-c plate current. 
*Approximate values. 

1500 2000 2500 volts 
60 0 volts 

500 500 500 volts 
-70 -.SO -85 volts 

110 85 65 ma 
365 295 250 ma 

0 0 ma 
JI 16 13 ma 

730013,00020,000 ohms 
100 100 95 volts 
0.5 0.3 0.2 watts 
550 590 625 watts 
300 350 400 watts 

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, JNC., FOR INFORMATION AND RECOMMENDATIONS. 
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APPLICATION 
MECHANICAL 

Mounting-The 4E27A/5-125B must be mounted vertically, base 
down or up. The plate lead should be flexible 1 and the tube 
must be protected from vibration and shock. 

Cooling-A heat dissipating connector (Eimac HR-5 or equiva
lent) is required at 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 
socket recommended under "General Characteristics" is to be 
used, the model incorporating a 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 exceeding 
225°C. Forced movement of air across the tube seals and 
envelope is always beneficial, though not necessarily required. 

Tube temperatures may be measured with the aid of "Tem
pi]aq," a temperature-sensitive lacquer manufactured by the 
Tempi] Corporation, 132 West 22nd Street, New York I I, N, Y. 

ELECTRICAL 

FIiament Voltage-For maximum tube life the filament voltage, 
as measured 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. 

&rid Voltage-Although a maximum of -500 volts bias may be 
applied to the grid, there is little advantage in using bias volt
ages in excess of those listed under "Typical Operation," except 
in certain specialized applications. 

When grid-leak bias is used, suitable protective means must 
be provided to prevent excessive plate 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 value from tube to tube. 

J25:t.005 DIA. 

' PLATE I 
' •i•¼ ' •¾"I~""' •It•¼ ' I 

1000 DIA. PC. 

In class-C operation, particularly at high frequency, both 
grid bias and grid drive should be only great enough to provide 
satisfactory operation at good plate efficiency. 

Screen Dissipation1-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 exceeds 20 watts. 

Resistors placed in the screen circuit for ihe purpose of 
developing an audio modulating voltage on the screen in 
modulated radio-frequency amplifiers should be made variable 
to permit adjustment when replacing tubes. 

Plate Dissipation -Plate dissipation in _ excess of the 125-watt 
maximum rating is permissible for short periods of time, such 
as during tuning procedures. 

Operatlot1-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 obtaining the 
necessary shielding between the grid and plate circuits is to 
use a suitable metal 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 leads 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. 

Feedback at high frequencies may be due to the inductance 
of ·1eads, particularly those of the screen and suppressor-grids, 
By-passing methods and means 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. 

78M 
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~ I T ~ L- Mc C UL LO U G J-1, I N c. 
SAN BRUNO , CALIFORNIA 

The Eimac 2C39A is a high-mu UHF transmitting triode with a plate-dissipation rating of 100 
watts, designed for use as a 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-1 grid-isolation circuit at 500 Mc. will deliver up to 27 watts useful 
power output with b watts driving power. As an r-1 oscillator at 2500 Mc., the 2C39A will deliver a 
minimum of 12 watts useful power output. 

GE_NERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Coated Unipotential 
Heater Voltage' 

Heater Current 

Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plate 
Grid-Cathode • 

Plate-Cathode • 

Transconductance { 10 = 70ma., Eb= 600v,) 

Highest Frequency for Maximum Ratings 
1See " Applic.:, t ion''. 

MECHANICAL 
Base, Socket and Connections 

Mounting Position 
Cooling 

Maximum Temperature of Anode, Grid, Cathode 
Maximum Overall Dimensions: 

Length 

Diameter 
Net Weight 
Shipping Weight (Average) 

b.3 volts 

1.0 ampere 

100 

1.95 µ.µ.f 
6.50 µ.µ. f 

0.03 5 µµ. f max. 

22,000 µmhos 

2500 Mc, 

• See drawing 

Any 
Forced air 

and H eater Seals and Anode Cooler Core 

2D39A 
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 Grid-Isolation Circuit, CW Operation, SOO Mc.) 
D-C Plate Voltage 
D-C Grid Voltage 

800 volts 
-20 volts 

80 ma 
32 ma 

lvlAXllvlUlvl RATINGS (Per tube) 

D-C PLATE VOLTAGE 
D-C CATHODE CURRENT 
D-C GRID VOLTAGE 
D-C GRID CURRENT 

1000 MAX. VOLTS 
125 MAX. MA 

-150 MAX. VOLTS 
50 MAX. lvlA 

HEATER VOLTAGE 
INSTANTANEOU S PEAK POSITIVE 

SEE APPLICATION NOTES 

GRID VOLTAGE 
INSTANTANEOUS PEAK NEGATIVE 

GRID VOLTAGE 
PLATE DISSIPATION 
GRID DISSIPATION 

JO MAX. VOLTS 

400 MAX. VOLTS 
100 MAX, WATTS 

2 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER OR OSCILLATOR 
lvlAXllvlUlvl RATINGS (Carrier conditions, per tube) 

D-C PLATE VOLTAGE ' 
D-C GRID VOLTAGE 

600 MAX. VOLTS 

D-C Plate Current 
0-C Grid Current 
Driving Power (approx.) 1 

Useful Power Output 

TYPICAL OPERATION 
(R-F Oscillator, 2500 Ivie. )' 
D-C Plate Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current 
Useful Power Output 

TYPICAL OPERATION 
(Plate-Modulated Radio-Frequency Power Amplifier 
Grid-Isolation Circuit, 500 Ivie., Per Tube) 

D-C Plate Voltage 

D-C Grid Voltage 

6 watts 
27 watts 

900 volts 
-22 volh 

90 ma 
27 ma 
12 watts 

600 volts 

D-C GRID CURRENT • D-C CATHODE CURRENT • 
PEAK INSTANTANEOUS POSITIVE 

GRID VOLTAGE 

-ISO MAX. VOLTS 
50 MAX. MA 

100 MAX. MA D-C Plate Current 

-16 volts 

75 ma 

40 ma 
PEAK INSTANTANEOUS NEGATIVE 

GRID VOLTAGE 
PLATE DISSIPATION 
GRID DISSIPATION 

JO MAX. VOL TS 

400 MAX. VOLTS 
70 MAX. WATTS 
2 MAX. WATTS 

D-C Grid Current 

Driving Power (approx.) 1 • 

Useful Carrier Power Output 

1Drivinq power l isted is the total power which must be supplied to a practical grid c.ircui t at t he f requency shown. 

6 watts 

18 watts 

• 2These 2500. Mc. condi t ions conform to the minimum requirements o f the J AN-I A specific a tions for the 2C 39A . 
3For less than 100% modulation, hig her d -c plate voltag e may be used if t he sum of the pea k positive modulat ing voltage a nd the d-c p late volta g e does 
not exceed 1200 volts. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER " TYPICAL OPERATION", POSSIBLY 
EXCEEDING THE lvlAXllvlUlvl RATINGS GIVEN FOR CW SERVICE. WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND I\ECOlvlMENDATIONS. 

(Effective 6-2-52) Copy,;qhl 1952 by Eitel-McCullough , Inc. • Ind icates cha nge from sheet dated b-15-51 
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APPLICATION 

MECHANICAL 

Mounting-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. I+ is important to 

maintain good electrical contact by keeping these 

surfaces clean and by providing adequate contact 

area and spring pressure. 

Cooling-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 

"Tempilaq''. a temperature-sensitive lacquer manu

factured by the Tempi! Corporation, 132 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 I 2.5 cubic feet 

per min\Jte is recommendedi less cooling air may 

be used at low plate dissipations, provided only 

that seal and anode cooler core temperatures are 

not allowed to exceed J 75°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 11

1 Electronics, August, 

1950. 

ELECTRICAL 

Heater Voltage-The heater of the 2C39A is de

signed to be operated at 6.3 volts, with variations 

• Indicates change f.rom sheet dated 6-15-51 

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 not 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 

I grid current). load impedance, power output and 

circuit design and adjustment. 

Cavity Circuits-Information 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., I 947, 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-current 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 at the desired values when tubes 

are changed in the equipment. 

• 
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E I T E L - Mc C U L LO U G ~, I N c. 
SAN IRUNO , CALIFORNIA 

The Eimac 3X2S00A3 is a medium-mu, forced-dir-cooled, external-anode transmitting triode with a maxi
mum plate-dissipation rdting of 2500 wath. Relatively high power output cu an amplifier, oscilldtor or modulator 
may be obtained from this tube at low plate voltages. A s.ingle tube will del iver a radio-frequency output of 
7500 watts at 4000 plate volts at frequencies up to 110 Mc ., a s ...,.ell dS at lower frequenci es. 

The tube has a rugged, low-inductance cylindrical fi lament-stem structure, which readily becomes part o f 
a linear filament tank circuit for V.H.F. operation. The grid providet thorough 5hielding between t he input and 
output ci rcu its for grounded-grid applications, and is conveniently terminated in a ring between the plate and 
fildment terminals. As a result of t he use of unique grid- and filament-terminal arrangemenh, it is possible to 
install or remove the 3X2500A3 without the aid of tools. 

The approved Federal Communications Commission rating for the 3X2500A3 as a p late-modulated amplifier 
is 5000 watts 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 (Is = 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 amperes 

20 

20 µµfd 

36 µµfd 

1.2 µµfd 

20,000 µmhos 

75 Mc 

see drawing 
Vertical, base down or up 

Forced air 

RADIO-FRE(j)UENCY POWER AMPLIFIER 
OR OSCILLATOR 

TYPICAL OPERATION {Frequencies below 75 Mc., per tube) 

(Conventional Neutralized Amplifier-Frequencies be low 75 Mc.) 
Class-C FM or Teleg(aphy {Key-down "onditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CU RR ENT 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRI D DISSIPATION ' 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
ISO MAX. • C 
ISO MAX. WATTS 

RADIO-FREQUENCY POWER AMPLIFIER 
Grounded.Grid Circuit 
Clou-C FM Telephony 

MAXIMUM RATINGS (Frequenc;es between 85 and 
D-C PLATE VOLT AGE 
0 -C PLATE CURRENT 
D-C GRID CURRENT" 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION' 
• see appltc.at1on n:,tes. 

110 M c. ) 
4000 MAX. VOLTS 

2.0 MAX. AMPS 
200 MAX. MA 

2500 MAX. WATTS 
150 MAX. • C 
150 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
(Conventional Neutralized AmplifiPr-Frequencie, below 75 Mc .) 
Cl~,ss-C Telephony {Carrier conditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION 

5000 MAX. 
2.0 MAX. 

1670 MAX. 
150 MAX. 

ISO MAX. 

VOLTS 
AMPS 

WATTS 
• C 

WATTS 

D-C Plate Voltage 4000 5000 
D-C Pl•te Current 2.5 2.5 
D-C Gr;d Voltage -300 -450 
D-C Gdd Current 245 265 
Pe•k R-F Grid Input Voltage 580 750 
Driving Power {approx .) 142 197 
Grid Dissipation 68 78 
Plate Power Input 10,000 12,500 
Plate Dissipc,tion 2500 2500 
Plate Power Output 7500 10,000 

TYPICAL OPERATION ( 110 Mc., per tube) 

D-C Plate Voltage 3700 

D-C Gdd Voltage -450 

D-C Plate Current 1.8 

D-C Gdd Current 190 

Driving Power (approx.) 1600 

Useful Power Output 6850 

TYPICAL OPERATIONS ( Frequencies below 75 Mc .. per tube) 
D-C Pl ate Voltage 4000 4500 
D-C Plate Current 1.67 I.SS 
Total Bias Voltage -450 -500 
Fixed Bias Voltage -230 -325 
Gdd Resistor 1500 1500 
D-C Grid Current 150 120 
Peak R- F Grid Input Voltage 680 720 
Driving Power (approx.} 102 86 
Grid Dissipation 35 26 
Plate Power Input 6670 6970 
Plate Dissipation 1670 1670 
Pldite Power Output 5000 5300 

150' C 

9.0 inches 

'4. 156 inches 

6.25 p ounds 

17 p ounds 

6000 volts 
2.08 amps 

-500 volts 
180 ma 
765 volts 
136 watts 
46 watts 

12,500 watts 
2500 watts 

10,000 watts 

4000 volts 

-500 volts 

1.85 amps 

190 ma 

1900 watts 

7500 watts 

5000 volts 
1.45 amps 

-550 volts 
-410 volts 

1400 ohms 
100 mo 
760 vol ts 
76 watts 
21 watts 

7250 watts 
1670 watts 
5580 watts 

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-M cCULLOUGH, INC .• FOR INFO~MATION AND RECOMMENDATIONS. 

(Effect ive 6 2-52) Copyright, 1?52 by E,tel McCullough, Inc. •Indicates change from sheet dated 2-I S-50. 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B {Sinusoidal wave, two tubes unless otherwise specified) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE - • • • - • 
MAX.-SIGNAL D-C PLATE CURRENT, PER TUBE 
PLATE DISSIPATION, PER TUBE -
PLATE COOLER CORE TEMPERATURE 
TYPICAL OPERATION CLASS AB2 (Two tubes) 

D-C Plate Voltage 4000 
D-C Grid Voltage {approx.)"' -ISO 
Zero-Signal D-C Plate Current o., 
Max.-Signal D-C Plate Current 4.0 
Effective Load, Plate to Plate 2200 
Peak A-F Grid Input Voltage (per tube) 340 
Max.-Signal Peak Driving Power 340 
Max.-Signal Nominal Driving Power 

(approx.) 170 
Max,-Signal Plate Power Output 11,000 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
ISO MAX. ° C 

5000 6000 volts 
-190 -240 volts 

0,5 0.4 amps 
3.2 3,0 amps 

3600 4650 ohms 
360 "' volts 
230 225 watts 

115 113 watts 
11,000 13,000 watts 

TYPICAL OPERATION CLASS AB, (Two tubes) 

(Modulator service for 4000 and 5000 volt operation, to modulate one or 
two tubes, as $hown under ''Plate Modulated Radio Frequency Amplifier.") 

D-C Plate Voltage 4000 500'.J 4000 5000 volts 
D-C Grid Vo[t;lge (approx.)• -155 -200 -145 -1'10 volts 
Zero-Signal D-C Plate Current 0.4 0.4 o., 0.5 amps 
Max.-Signal D-C Plate Current 1.35 1.13 2.70 2.26 amps 
Effective Load, Plata to Plate 6600 10,000 3300 5000 ohms 
Peak A-F Grid Input Voltage 

(per tub!!!) 240 275 "' 310 volts 
Max-Signal Peak Driving Power 42 40 134 I 18 W.!lffs 

Max.-Signal Nominal Driving 
Power (approx.) 21 20 67 " watts 

Max.-Signal Plate Power Output 3700 4000 7400 8000 wafts 
Will Modulate R, F, Final Input of 6670 7250 13,340 14,500 watts 

*Adiust to give stated zero-signal 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-core, 
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 losses. Furthe~ 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 filament voltage, as meas
ured directly at the tube, should be 7 .5 volts with 
maximum allowable variations due to line fluctua
tion of from 7 .12 to 7 .87 volts. 

Bias Voltage-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 c:h-ange from 5heet dated 2·15-50. 

Plate Voltage-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= ecmplc 

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

lc=D-c grid current. 

ecmp I 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 the 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 driving power should 
be reduced so that the grid current does not ex
ceed one-tenth of the plate current. 
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The three charts on this page show the relationship of plate efficiency, power output and approximate 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 ore identical to the typical Class C operating conditions shown on the first page under 4000, 5000 and 6000 volts respectively. 
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E I T E L - M c C U L L O U G H, I N c. 
SAN BRUNO, CALIFORNIA 

The Eimac 3X2500F3 is a medium-mu, forced-air cooled, external-anode power 
triode intended for amplifier, oscillator and modulator service. It hos a maximum plate 
dissipation rating of 2500 watts and is capable of high output at relatively low plate 
voltages. A single 3X2500F3 will deliver a radio frequency plate power-output of 7500 
watts at a plate voltage of 4000 volts. 

The tube is equipped with flexible filament and grid leads which simplifies socketing 
and equipment design for industrial and communication frequencies below 30 Mc. 

The approved Federal Communications Commission rating for the 3X2500F3 as a 
plate modulated amplifier is 5000 watts of carrier power. 

ELECTRICAL 
Filament, Thoriated tungsten 

Voltage 
Current 

Amplification Factor (Average) 

GENERAL CHARACTERISTICS 

Direct lnterelectrode Capocitonces (Average) 

Grid-Plate 

Grid-Filament 

Plate-Filament 

Tronsconductance ( ib = 830 mo., Eb = 3000 v.) 

Frequency for Maximum Ratings 

MECHANICAL 
Base 
Mounting 
Maximum Overall Dimensions: 

Length (does not include filament connectors) 
Diameter 

Net weight -
Shipping weight (Average) • Cooling 

7.5 volts 
51 amperes 

20 

20 µµfd 

36 µµfd 

1.2 µµfd 

20,000 µmhos 

· 30 Mc 

See Drawing 
Vertical, base dawn or up 

9.0 inches 
4.156 inches 

7.5 pounds 
- 17 pounds 

A minimum Aow of 120 cubic feet of air per minute must be passed through the anode cooler. The pressure drop across the cooler at this flow equals 
1.0 inch of water. A minimum a ir-flow of 6 cubic feet per min•Jte must also be directed toward the filament-stem structure, between the inner and outer 
filament conductors. Cooling air in the above quantities must be supplied to both anode cooler and filament seals before applying filament voltage 
and should be continued for one minute after the filament power is removed. Anode~cooler core, grid and filament seal temperatures must not exceed 
1 50° C. These figures are for an ambient temperature of 20° C al sea level and do not include duct or filter losses. 

RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION {Frequencies below 30 Mc. per tubel 

OR OSCILLATOR D-C Plate Voltage 4000 5000 6000 volh 
0-C Plate Current 2.5 2.5 2.08 amps (Conventional Neutralized AmpliAer-Frequencies below 30 Mc.I D-C Grid Voltage - 300 - 450 -500 volts Clou-C FM or Telegraphy (Key-down conditions, per tube) D-C Grid Current 245 265 180 mo MAXIMUM RATINGS Peak R-F Grid Input Voltage 580 750 765 volts D-C PLATE VOLTAGE 6000 MAX. VOL TS Driving Power (approx.) - 142 197 136 watts D-C PLATE CURRENT 2.5 MAX. AMPS Grid Dinipotion 68 78 46 watts PLATE DISSIPATION 2500 MAX. WATTS Plate Power Input 10,000 12,500 12,500 watts PLATE COOLER CORE TEMPERATURE 150 MAX. ° C Plate Dissipation 2500 2500 2500 watts GRID DISSIPATION' 150 MAX. WATTS Plate Power Output - 7500 10,000 10,000 watts .1¥ SEE APPLICATION NOTES. 

PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATIONS (Frequencies below 30 Mc. per tube) 
D-C Plate Voltage 4000 4500 5000 volts AMPLIFIER D-C Plate Current 1.67 1.55 1.45 amps • (Conventional Neutralized Amplifier-Frequencies below 30 Mc.) Total Bias Voltage - 450 - 500 - 550 volts 
Fixed Bias Voltage -230 - 325 - 410 volts Clo:h-C Telephony (Carrier conditions, per tube) Grid Resistor 1500 1500 1400 ohms MAXIMUM RATINGS D-C Grid Current 150 120 100 mo 

D-C PLATE VOLTAGE 5000 MAX. VOL TS Peak R-F Grid Input Voltage 680 720 760 volts 
D-C PLATE CURRENT 2.0 MAX. AMPS Driving Power {approx.) I 02 86 76 watts 
PLATE DISSIPATION 1670 MAX. WATTS 

Grid Dissipation 35 26 21 watts 
Plate Power Input 6670 6970 7250 watts PLATE COOLER CORE TEMPERATURE 150 MAX. ° C Plate Dissipation 1670 1670 1670 watts GRID DISSIPATION · 150 MAX. WATTS Plate Power Output • 5000 5300 5580 wotts 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS W IDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY 
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WR ITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMM ENDATIONS. 

(Effective 2-1-53) Cooyroght 1953 by Eotel McCullough 1, • lnd1c,He-s C hdnge: from She.e t Ddte:d 2-1 -50 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Closs B (Sinusoidal wove, two tubes unless otherwise specified) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
MAX.-SlGNAL D-C PLATE CURRENT, PER TUBE 
PLATE DISSIPATION, PER TUBE 
Pl.ATE COOLER CORE TEMPERATURE • 

TYPICAL OPERATION CLASS ABi (Two tubes) 
D-C Plate Voltage 
D-C Grid Voltoge (approx.)* -
Zero-Signal D-C Plate Current 
Mux.-Signol D-C Plate Current 
Effective Load, Plate to Plate -
Peak A-F Grid Input Voltage (per tube} 
Mo:>\.•Signal Peok Driving Power 
Mox.-Signal Nominal Driving Power (oppro:,;.) 
Mox,-Signol Plate Power Output • 

4000 
-150 

0.6 
4.0 

2200 
340 
340 
170 

11,000 

APPLICATION 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
150 MAX."C 

5000 6000 volts 
-190 -240 vo!ls 

0.5 0.4 amps 
3.2 3.0 amps 

3600 4650 ohms 
360 390 volts 
230 225 walls 
115 113 watts 

11,000 13,000 waits 

Filament Voltage--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. 

Bias Voltage--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 Voltage-The plate-supply voltage for the 
3X2500F3 should not exceed 6000 volts. In most eases 
there is little adv0J1tage in using plate-supply voltages 
higher than those given under"Typieal 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 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= ecmple 

where P 9 = grid dissipation, 
ecmp=peak positive grid voltage, and 
le= d-c grid current. 

ecmp 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. This 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 taken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 

TYPICAL OPERATION CLASS AB, (Two lubes) 

{Modu!ctor service for 4000 and 5000 volt aperation, to modulate one or two tubes, 

as shown under- "Plate Modulated Radio Frequency Amplifier.") 

D-C Plcite Vollcige 4000 5000 4000 5000 volts 

D-C Grid Voltcige (cipprol\.)• • -155 -200 -145 -190 volfs 

Zero·Signol D-C Plof~ Currenf 0.4 0.4 0.6 0.5 11mps 

M11x,•Signo( D-C Plate Current 1.35 1.13 2.70 2.26 amps 

Effective Load, Plate to Plote - 6600 10,000 3300 5000 ohms 

Peak A-I' Grid Input Voltage {per tube) 240 275 285 310 volts 

Max.•Signol Peok Driving Power 42 40 134 118 watt, 

Mox.-Signal Nominal Driving Power 
(approx.) 21 20 67 59 watt~ 

Mox,•Signal Plate Power Output 3700 4000 7400 8000 watts 

Will Modulote R, F, Final Input of 6670 7250 13,340 14,500 watts 

*Adjust to give stdted zero•signdl pldte current. 

• 

4½ :1: 3
1
2 DIA. 

.Q. .L 
4 ± 16 ~ ± iz DIA.+---, 

\+-!--+----'---~~ 

3' DJA. 

GONTACT SURFACE 

(ill]!)__ CONNg_CTOR 

60 AMP. 
!5 Cot:llifCTOR 
3z DIA. HOLE 

---2/0 CONNECTORS 

/ % DIA. HOLE 

• lndicdtes Chdnge from Sheet Dated 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 P,. 

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. 

250 

,oo 

~ ,-. 
il75 
I 

0:: 
W1so 
3:: 
0 
a. 
(!)125 

~ 
~\00 

0 
a: 
(!>" 

so 

VOLTS 

80 -350 

75 -300 

70 --250 

P-•2000W 

A ~~~l~:R~~~"'coN !tPp •2500 W 
OITION ON Fl'IST PAGE, 

P, •IOOOW P,•2500 

• ,•IOOOW 

0 2000 4000 6000 8000 IOOOO 12000 

POWER OUTPUT-WATTS 
14000 

250 

"' 
Es •5000 VOLTS 

200 "'ttE;IIMC ~X2500Fl 

~ LEGEND 

~ CUWE E FF. Ee 
~!75 % VOLTS 

~ 80 450 

~ 75 400 
1.1J 150 • • • • • • 70 350 
~ f- @IDENTICAL TO TYPICAL 
Q "'tLASe. C OPER.<l'ING CON-
Q. DITION ON FIRST PACE 

t!) 125 z 
> 
~mo 

0 
0:: 
(!> " 

so 

P. •1000 

" 
•1000 

•P. •2500 

• ,2500W 

• 

0 2000 4000 6000 8000 IOOOO 12000 14000 

POWER OUTPUT-WATTS 

e •2250W 

,so 

m 

c.•6000 VOLTS 
,oo +-+E;\1,\AC 3X2500F 

(/) 
LEGEND ,-. ,-. 

CURVE 
EFF. E, 

ll75 ' VOLTS 

I " sso 
0:: ,o 500 ;,so ...... " -450 

0 @to1tsT~~~,.;,~:w::~-
IP,. •2500W a. OITION ON Fil.ST P-'GE. 

~ 125 
0 

> 
0:: 
ciao 

0 
0:: 

(!> " P.: •IOOOW 

"" 
,. .. soow 

" ·•1000 

0 2000 4000 <000 8000 !0000 12000 \4000 

POWER OUTP UT-WATTS 

• 



., 

~ 

0 

• 

Ul 

~ 
> 
I 

!:al 

~ 
~ 
0 
> 

§ 

Gll/o C1J11 
11£1Vr 

1-:f!, rJJ 
300 ').. 

200 

100 

0 

-100 

-100 

-300 

0 500 1000 1500 

EIMAC 3X2500F3 
TYPICAL CONSTANT CURRENT 

- "<>;fplll£s 
CHARACTERISTICS 

0 
.10 

15 

,1.5 
.I ro.o 

.0 "' ... .. 
6.0 ... ... 

~ 
4.0 < 
3.0 I 
2.0 

I-z ... 
1.0 .. .. :s :::, 
.. 2 V ... 

I-
< .. 

0 
... 

2000 2500 3000 3500 4000 4500 5000 5500 6000 

PLATE VOLTAGE - VOLTS 



3X3000A1 
LOW-MU TRIODE 

E I T E L- Mc C UL LO U G J-1, I N c. MODULATOR 

AMPLIFIER SAN BRUNO , CALIFORNIA 

The Eimac 3X3000AI is a low-mu forced-air-cooled power triode intended for use as an audio 

amplifier or modulator. The maximum rated plate dissipation is 3000 watts. 

Two 3X3000Al's in class-AB, audio service will deliver up to 10 ~ilowatts maxim um-sig nal plate 

power output at bOOO plate volts without drawing grid current. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage 

Current 

Amplification Factor I Average I 

Direct lnterelectrode Capacitances I Average I 
Grid-Plate 

Grid-Filament 

Plate-Filament 

Transconductance (I,= 1.0 amp., E, = 3000v.} 

MECHANICAL 
Base 

Mounting Position 

Cooling 

Maximum Temperatures: 

Grid and Filament Seals, 
Anode Cooler Core 

Maximum Overall Dimensions: 

Length 

Diameter 

Net Weight 

Shipping Weight {Average} 

AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-AB

1 

MAXIMUM RATINGS (Per tube) 

0-C PLATE VOLTAGE 

0-C PLA TE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION 

6000 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 µ mhos 

See outline drawing 

Vertical , base down or up 

Forced a ir 

9.0 

4.16 

b.25 

16 

150' C 

inches 

inches 

p ounds 

pounds 

TYPICAL OPERATION (Sinusoidal wave , two tubes unless otherwise specified ) 
D-C Plate Voltage • • • • 3000 4000 SOOO 6000 volts 
0 -C Grid Voltage (approx. )' -600 -860 -1080 -1300 volts 
Zero-Signal 0-C Plate Current 665 500 400 335 ma 
Max-Signal 0-C Plate Current 3.35 3.00 2.80 2.65 amps 
Effective Load, Plate-to-Pl ate 1170 2160 3320 4560 ohms 
Peak A-F Grid Input Voltage 

(per tube) 555 
Max-Signal Driving Power (approx.) 0 
Max-Signal Plate Power Input 10,000 
Max-Signal Plate Dissipation 

(per tube) 

t1~i5~;:~:~f:• rii~t:~io~~tp_ut 

3000 
4000 

2.7 

760 
0 

12,000 

3000 
6000 

1.8 

995 1250 volts 
0 0 watts 

14,000 16,000 watts 

3000 3000 wat ts 
8000 10,000 watts 

2.6 2.1 per cent 
1Adiust to stated Zero-Signal 0 -C Plate Current. Effective grid-circuit resistance m usr not exceed 200,000 ohms. 

2At maximum signal wit hout negative feedbac k. 

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-Clow of 150 
cubic feet per minute through the anode cooler. This 
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) Copyright 1952 by Eitel-McCullough, 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 operat ion 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 metal-to-glass 
seals is not allowed to exceed 150' 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 

E I T E L - Mc C U L .l O U G H, I N c. 
SAN BRUNO, CALIFORNIA 

The Eimac 3K20,000LK is a three cavity, cascade, magnetically focused, 
power amplifier klystron 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 band (470-890 Mc) is covered by three 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 

Mounting 

Mounting Position -

Cooling -

C onnections: 

Filament 

Cathode 

Focus Electrode 

Cavities -

Maximu m Ove rall Dimensions: 

-Support from mounting flange 

- Axis Vertical 

Water & Forced Air 

Flexible Leads 

Cylindrical Strap 

Cylindrical Strap 

Multiple Contact Fingers 

Filament: Pure Tungsten 
Volta g e 
Current ( with cathode cold) 
Current ( with cathode at operating 

temperature) 
Maximum Allowable Starting Current 

Cathode: Unipotential; heated by electron 
MAXIMUM CATHODE RATINGS 

DC Voltage 2300. 
DC Current - .75 
DC Power - 1600. 

Focus Electrode: 
*Voltage ( with respect 

to cathode) 
Magnetic Field: Axial 

Field Stren9th (approxi-

0 

9.0 Volts 
42. Amperes 

39. Amperes 
84. Amperes 

bombardment 

Maximum Volts 
Maximum Amperes 
Maximum Watts 

Volts 

Length 

Diameter 

Net Weight 

38 Inche s 

5 - I I / 16 Inches 

45 Pounds 

205 Pounds 

mately) - - 120. Gauss 

Shipping Weight (Average) 

Nominal Frequency Range 
TV Channels 

720-890 Mc 
56-83 

• May be varied over a range of O to -500 volts if beam current 
control is desired. 

ULTRA HIGH FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS 

DC BEAM VOLTAGE 
DC BEAM CURRENT 
COLLECTOR DISSIPATION 

- 14.0 Max. kV 
- 1.7 Max. Amps 
- 20.0 Max. kW 

Note: M aximum beam voltage and beam current should not be applied without modulation {r-f drive). 

TYPICAL OPERATION 
RF Linear Amplifier-Television Visual Service (In accordance 

with 1953 Un ited States Federal Com
munications Commission Standards) 

DC Cathode Bombarding Voltage 
DC Cathode Bombarding Current 
DC Cathode Bombarding Power . 
DC Beam Voltage 
DC Beam Current 

t DC Collector Current (approximately)· 
Peak Synchroniiing Level 

*Driving Power (approximately) 
Power Output 
Efficiency 

Black 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 Aural Service 

DC Cathode Bombarding Voltage 

DC Cathode Bombarding Current 

DC Cathode Bombarding Power 

DC Beam Voltage 

DC Beam Current 

f DC Collector Current 

Driving Power 

fCollector Dissipation (approximately) 

Power Output 

Efficiency 

,f May vary somewhat from tube to tube. 

2100 Volts 

.66 Amperes 

1400. Watts 

10.5 kV 

I. I Amperes 

.9 Amperes 

10. Watts 

7. kW 

2.75 kW 

24. Percent 

Efficiency 16. Percent • Total driving power including losses inserted for broad ba nd operation . 

Typical operation figures were obtained by d irect measurement in operating equipment. The output power is useful power measured in a load 
circuit. The driving power is the total power taken by the tube and a practical resonant c ircuit. In many cases with furtner refinement and 
improved techniques better performance might be had. For the present the figures can be taken as attainable values. 

(Effect;ve 3-10-53) Copy,;ght 1953 by E;tel-M cCullough, Inc. 
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APPLICATION 
Mounting-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 threaded holes are provided 
in the Input Pole Piece and are 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. 
Filament Operation-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 Heating 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. 
Cooling-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 tem
perature-sensitive paint, such as "Tempilaq", man
ufactured by the Tempi! Corporation, 132 West 
22nd Street, New York 11, N. Y. 

3K20,000LK Cooling Requirements for Typical 
Operating Conditions and Correct Magnetic Field 
Adjustment: 

Cooling 
Medium Volume 

Input Pole Piece - Water gpm 

Short Drift Tube Jacket *Water gpm 

Long Drift Tube Jacket *Water gpm 

Output Pole Piece - Water gpm 

Collector Assembly - - Water 6 gpm 

Electron { Filament Stem -
Gun Cathode Terminal -

S+ructure Focus Electrode Seals 

Air 

Air 

Air 

Input Cavity None 

Center Cavity Air 

Output Cavity Air 

Pressure 
Drop Remarks 

8 p,;l i~!:'.u,e 
. Drop if 2 psi Series 
. Connected 2 psi wit~ 5/16" 

16 
. tubing= 

· psi 24. psi 

3 psi 

1-2 cfm 

90 cfm 

30 cfm See 
Cooling 
Diagram 

15 cfm 

50 cfm 
*Water inlet must be at bottom and outlet at top to avoid air 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, filtered 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 70°C under any 
condition. The temperature of the metal-to-glass 
seals should not exceed 150°C. 
RF Contact Surfaces-The means by which con
tact is made between the cavities and the tuning 
boxes is of great importance. Two requirements 
which must be met to ensure proper tube perform
ance are as follows: 

(I) Contact to the tube cavities must be made only on 
the peripheral surface of the l/4" cavity flanges as 
shown on the outline drawing. 

(2) Each individual finger of the collet or spring stock 
material must make positive contact to the cavity 
flange. 

Magnetic Field-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 field strength of 120 gauss. Beam 
transmission ( collector current divided by the 
beam current as measured in the cathode return 
to beam power supply) will vary from 75 % to 
95 % . Improper adjustment or misalignment 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. 
Caution-It 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 personnel. 
Protection-It is recommended that the following 
protective devices be used: 

(I) lnterloclcs in air and water supplies. 
(2) lnterloclc in magnetic field supply circuit. 
(3) Current overload in cathode bombardment supply 

circuit. 
(4) Current overload in beam current supply circuit. 
(5) Current underload in collector current circuit. 
(6) Current limiting resistor of approximately JOO ohms in 

series with beam power supply to isolate tube from 
final capacitor of supply. 

The filament 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 ( 1/, 
to 2/, normal I. Slight retuning and readjustment 
will be necessary when beam voltage is raised to 
full value. 

OUTPUT VOLTAGE 
versus 

DRIVING VOLTAGE 

'\ 
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GLASS ENVELOPE AND SEAL , 
AIR COOLING',._'-, 

' ' '\. '- ~-\+-+-A.I '-'- '-'-r ,, " ', ...... "-, 

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 

@1--+---wATER our* 
©D WATER IN* 

CENTER CAVITY ___ ,-___ __,, ___ _ 

AIR COOLING=== ==== DRIFT TUBE 
COOLING 

WATER our* 
-~~--W~ERIN* 

OUTPUT CAVITY --- ----
AIR COOLING:-~_::;,,_ ___ ---':=-:.: 

OUTPUT POLE/ 

OUTPUT POLE 
WATER COOLING 

WATER ou_r-ii\ COLLECTOR 
WATER IN j 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 



-------------~AOOLR----------

(/) 
(.!) 
:::::, 
...J (/) 

z 0 
< 

(/) LLJ 
LLJ ...J 
...J I-0 z :i: LLJ 
<i. :E 
0 < 

...J 
i<ll!f! u. 

' , .. 

!-28 TAPPED HOLES, i DEEP 
• FOR LIFTING EYEBOLTS 

USE 1~ FLARED TUBE UNION NUTS 
{IMPERIAL 41-F OR EQUAL) 
FOR ALL WATER CONNECTIONS 
EXCEPT COLLECTOR COOLING 

INPUT END VIEW 

LLJ 
0 
0 
Q: 
I-u X 
LLJ < ...J ~ LLJ @. 

@. <i. (.!) < 
LLJ < z 0 0 0 0 
0 (/) inla> i<ll,t 
:i: C\J :::::, r<) r<) 

~ 
<..) 

0 u u. 

x 
< 
:E 
<i. <i. 
0 0 

-lal :l!f! 
,;t- IO 

11 
32 

<i. 
i5 

!!?I~ 
IO 

LLJ 
...J 

~· 

I-
:::::, 
a. 
z 
z 
0 
Q: 

i---2¾ i® i 3~~--

>-@ . I-
< ~ 

<i 
i5 0 

<..) 

-la> I-
:~ 

IO :::::, 
a. z 

~-3¾-- i----2i-- '-----4l-----3~ 
i-.--------7~-----.+-------------II 

i-------7½-------i--~-----------------------1 
DIMENSIONS IN INCHES 

Page Four 



---------------------------------- ---------

·r"' 

.1. 
8 

-r2i 

®. 
<C 
0 

-lex> 
IO 

7 
8 

-------------~;;o,ooou-----------

USE ½ FLARED TUBE UNION NUTS 
( IMPERIAL 41-F OR EQUAL) FOR 
COLLECTOR COOLING CONNECTIONS 

>- >-
I- I-

~ ®. > 
<i. <C <i. (.) <C (.) 
0 ci 0 

<i. 
0 

L 

~2 

OUTPUT END VIEW 

a:: w w 
-1 -1 

x 0 0 a. 0 <C 
I- (.) 

:ii: ::, ®. <i. <i. a. a:: 
0 I- <C 0 

0 0 I-::, a:: I-
1'-ICX> !!ll!!! !!ll~ l<'IICX> 0 ta w NCX> -ICX> ::, -l<t 

I- st IO a. st st z I-
w ::, 
(.) 0 

---t-

st 

I 
8 

r<) z r<) -1 
0 -1 

0 a:: u 

WATER LINES INSULATED 
FROM COLLECTOR FOR 
METERING PURPOSES 

1® 1.® 1. 4 4 8 

3 4! --~--3-----' ~ 

2021 32 
_______________ .i.-_ ______ 9i,-----~ 

3 
3716 

® CONTACT SURFACE 

Page Five 



-- ·-· . ·--· - . --~--~-~----~---------'-;.;..;.;~...., 

-------------~.oooc,-----------

0 
LCl 0 0 

IC) 
IO 
C\I 

-------------------------....... --- <D 

w 
u z 
<( 

~ 
er 
0 
LL 
er 
UJ 
a.. 

..J 
<( 
u 
a.. 
>-
I-

Page Six 

z 
0 
er 
I-
(/) 

:'.::i 
::,,::: 

::,,::: 
_J 
0 
0 g~ 
C\I 
~ 
r<> 

0 
r<> 

v 

C\I 

\ 
~\ 
~ 0 

~' ' ~ (X) 
,S',,, 

~ 

<D 

v 

C\I 

IO O IO 0 IO 0 
C\I C\I 

1N3~~3d -.J-~N31~1.:l.:l3 

IO '<t r<> C\I 0 

'M~ (0d) 1nd1no ~3MOd 

Ill 
I!) 
< ... ... 
0 
> 
:e 
< Ill 

"' "' ::, 

"' ,,= 
Ill 
> 
>-u z 
Ill 

u 
ii: ... 
Ill 
Cl 
z 
< ... 
::, ... ... 
::, 
0 
,,= 
Ill ;: 
0 ... 
.,: 
z 
Ill 
,,= 
,,= 
::, 
u 
:e 
< Ill 

"' 



I 

I 

( t 

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 

summary-A brief history of high-power cw klystron develop
ment and a classification of types of klystron are followed by a de
scription of the three-cavity, grid.less klystron amplifier with mag
netic focusing, in general terms, and the Eimac 5-kw klystron for 
UHF-TV in more detail. This tube has cavities which are partly out
side the vacuum system and contain ceramic "windows." The ad
vantages of the klystron over the conventional negative-grid type of 
tube are reviewed from the standpoint of performance, and the main 
operational features 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,1 •8 and 
one group in France.••• 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 made of the 
factors limiting the performance of a klystron, compared 
with the factors limiting the performance of conven
tional negative-grid tubes. 

* Decimal classification: R339.2XR583.6. Original manuscript re
ceived by the Institute, November 3, 1952. 

t Eitel-McCuliough, Inc., San Bruno, Calif. 
1 R.H. Varian and S. F. Varian, "A high frequency oscillator and 
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s "High Power UHF Klystron," Tele-Tech, p. 60; October, 1952. 
1 W. C. Abraham, F. L. Salisbury, S. F. Varian, and M. Cho

dorow, "Transmitting Tube Suitable for UHF TV," paper presented 
at IRE National Convention; 1951. 

'P. Guenard, B. Epsztein, and P. Cahour, "Klystron Amplifica
teur de 5 KW a large bande passante," Ann. Radioelect., vol. VI, 
p. 24; 1951. 

1 R. Warnecke and P. Guenard, "Tubes a Modulation de Vitesse," 
Gauthier-Villards, Paris; 1951. 

• J. J. Woerner, "A High Power UHF Klystron forTVService," 
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KLYSTRON TYPES 

Present-day klystrons fall into three categories: 

1. Reflex Klystron Oscillators 
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-Cavity 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 
this paper. 

3-CAVITY GRIDLESS KLYSTRON AMPLIFIER WITH 

MAGNETIC FOCUSSING 

A. Description 

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. The 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. 

f'OCUSS1NG COILS 

Fig. !-Schematic diagram of 3-cavity klystron with 
magnetic focusing. 
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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 
tutted 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. I ts 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 uh£ 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 serio•1s 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. 

Considering 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 uhf tetrode 
-4X150G. (Plate dissipation 150 watts.) 
Curve (2): Efficiency versus frequency for typical uhf triode 
-2C39. (Plate dissipation 100 watts.) 
Curve (3): Typical efficiency of klystrons versus frequency 
(independent of 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~ 
des. 
Points [:J cw power output of 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 uhf 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 wi!l generate S 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 S 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 the mid
band frequency, and loaded for optimum performance 
by means of some variable coupling device external to 
the tube. 

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 nearly the fully driven efficiency. 

ENVELOPE Of MAX. EfflCIENCIES FOR 
VARIOUS DEGREES OF DETUNING 

- ----~--
MIDDLE c.av1TY 
DETUNED TO HF 
SIDE OF RESONANCE 

MIDDLE CAVITY 
RESONANT 

DRIVING POWER 

--

Fig. 4--Efficiency versus driving power, showing the effect 
of 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 opti1J1um 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: Eimac UHF Klystron for TV 

The photqgraph 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. 
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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 sections. 

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 ba nd. 

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 coupling 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 uh£ 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 uh£ (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• 

lied 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. 

Rep,oduced from the PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS 
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866 

~ I T ~ L- Mc CULL O U G 1-1, IN c. MERCURY 

VAPOR 

RECTIFIER 

SAM BRUMO, CALIFORNIA 

The Eimac 866-A/866 is a half-wave mercury-vapor rectifier incorporating features which en
able it to withstand high peak-inverse voltages and to conduct at relatively low applied-voltages. The 
shielded ribbon filament, edgewise-wound , provides a larg e 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 2,000 

PEAK ANODE CURRENT 2.0 

AVERAGE ANODE CURRENT 0.5 

SU PPL Y FREQUENCY 150 

CONDENSED-ME RCURY TEMPERATURE RANGE' 25-70 
'Operation at •0 degrees plus or mi nus S d egrees C is recommended. 

2.5 volts 
5.0 amperes 

15 volts 

Medium 4-pin bayonet, RMA A-4-10 

See base connection diagram 

6.5 inches 
2.5 inches 

2 ounces 

0.5 pounds 

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 25-60 ·c 

APPLICATION 
MECHANICAL 

MOUNT ING-The 866-A/866 must be mounted vertically, base down. 
COOLING- Provision should be made for adequate air circulation 

around the tube, because cooling is accomplished by convection. The 
temperature of the condensed-mercury in the 866-A/86.6 should be kept 
within the ranges given under "MAXIMU M RATINGS" . This temperature 
should be maintained at 40 degrees plus or minus 5 degrees C for most 
satisfactory operation of the tube. To measure the condensed-mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb in the area desig nated on the outline drawing, using a very 
small amount of putty. A condensed-mercury temperature lo¥ttr thon 
the recommended value raises the voltage at which the tube becomes 
conducting and tends to reduce the life of the filament. A temperature 
higher than recommended lowers the voltage at which the tube becomes 
conducting and tends to increase the life of the filament, but reduces 
the peak inverse voltage rating of the tube. When it i.s necessary to 
use a shield around the 866·A / 866 care must be taken to insure ade• 
quate ventilation and maintenance of normal condensed-mercury tem
perature. 

ELECTRICAL 

FILAMENT VOLTAGE-For maximum tube life, tho filament voltage as 
measured directly at the filament pins, should be held at the rated 
value <;>f _2.5 volh. Unavoidable variations in filament voltc1ge must be 
kept within the range of 2.38 to 2.63 volts, A filament voltage less than 
t~e minimum recommended value may cause a high tube voltage drop, 
with consequent bombc1rdment of the filament and eventuc1I loss of 
emission. A filament voltoge higher 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 BE AT A HIGH D-C 
POTENTIAL. 

The plate•circuit return of each t ube should preferably be connected 
to the center tap of the transformer winding supplying the- filament 
voltage; if this cannot be done, the return should be connected to that 
side of the filament to which the cathode shields are connected ( pin 
No. 4). When the filaments of two or more tubes are connected in 
parallel, the filament terminals to which the cathode shields are con• 
nected should be joined, These precautions are recommended to insure 
:i~~fii~~ starting voltage for each tube when several are uHd in a given 

The filament of the 866-A / 866 should be allowed to reach operating 
temperature before the plate voltage is applied. Under normal condi
tions, a delay of approximately 30 seconds will be required. The delay 
time should be increased if there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be kept at 
its rated voltage during "standby11 periods to avoid d e lay due to 
warm-up. It is desirable to use a protective relay in the plate circuit 
to prevent the application of plate voltage before the filament has 
rea_ched operdting temperature. This relay should have a time delay 
ad1ushble up to a maximum of one minute. 

(Effective 12-1-•b) Copyright 1916 by Eitel McCulloug h, Inc. 

When an 866-A / 866 is first insta lled, the filament should be oper• 
ated at normal voltage for approximately ten minutes with no plate 
voltage applied, in order that the mercury may be properly d istributed. 
It will not be necessary to repeat this procedure unless the mercury is 
spattered on the filament and plate during subsequent handling. 

SHIELDING-Electromagnetic and electrostatic fie lds tend to cause the 
mercury vapor to break down, are detrimental to tube life and make 
proper filtering difficult. Consequently, the 866-A /866 should be 
isolated from such fields as exist around a transmitter or other similar 
equipment. When the tubes are located in the region of such fields, 
shielding with adequate ventilation should be used around the tubes. 
R-f filtering should also be employed when the tube, a re affected by 
r-f voltages. 

FILTERING-The nomograph for circuits I and 3, and tables for circuits 
2, 4 and 5 give empirical values of inductance and capacitance for a 
single-section choke-input filter which will keep the peak plate current 
below the maximum rated value, provided the average d-c load c ur
rent does not exceed the maximum load current indicated. The values 
of L and C are based on a power-supply frequency of 60 cycles. 

The value of the capacitor is made small enough to prevent excess· 
ive surges when power is first applied to the circuit. If the available in• 
d uctance is larger than the minimum allowable value, the capacitance 
may be increased proportionately over its nomograph or table maximum. 
In a two-section filter with two unequal inductances, the input induct• 
ances should be the larger. The maximum value of each capacitor in 
such a filter is based upon the value of the p receding inductance. 

In the single phase circuits ( I and 3). if tho current drawn by the 
load is reduced or varies under operating ,:ooditions to values less 
than approximately 70% of the indicated maximum d•c load current, a 
swinging (input) choke will supply the necessary additional inductance 
to prevent the voltage from rising, and will afford proper filtering 
over a much greater current range. 

Arrangements such as those shown in Circuits I, 2 and 3 produce 
less than 5% ripple voltage when a two-Hction filter with minimum in~ 
ductance and corresponding maximum capacitance is employed. Circuits 
such as those shown In circuits 4 and 5 will produce less than lo/0 ripple 
voltage. Better filtering may be o bt4ined with any of these circui ts by 
using lorqer value, of inductance than the minimum indicated , Still 
greater improvement may be had by then proportionately increasing 
the corresponding capacitor values. 

When "condenser input" filter is used , the peak current will be rela
tively high in respect to the usable load current, and the voltage across 
the capacitor may be as high as 1.4 times the nominal RMS voltage of 
the t ransformer. 

For parallel operation of 866-A / 866 rectifiers, suitable resistors or 
small inductors may be used in series with each plate tead to permit 
equal loading and ,tarting characterist ics. The inductors aid in reduc
ing the peak current, and are more desirable due to their low d-c re
sistance . An approximate value for suitable resistors is SO ohms, and 
for inductors, approximately one-third henry each. 
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SINGLE - PHASE 0.318 EMAX\MUM 3.14 EAVERAGE 0.636 !MAXIMUM FULL • WAVE 

0 450 E RMS 2 TUBES 

THREE - f>HASE 0. 827 E MAXIMUM 
2.09 E AVERAGE 0.827 !MAXIMUM HALF-WAVE 1.l70ERMS 

SINGLE - PHASE 0.636 EMAXIMUM I. 57 E AVERAGE 0.636 I MAXIMUM FULL - WAVE 
4 TUBES 0.900 E RMS 

THREE - f>HASE 1.65 E MAXIMUM 1.045 E AVERAGE 0.955 1MAXIMUM FULL-WAVE 2.34 E RMS 
THREE - PHASE O.a2 7 EMAXIMUM 2.09 EAVERAGE L.9I I MAXIMUM o?i.l!.~LE~_Y l.I70ERMS 

CONDITIONS ASSUMED 

MAX. 
A-C 0-C 

INPUT OUTPUT CIRCUIT VOLTS*• VOLTS 
(RMS) TO 

FILTER 

THREE-PHASE 
per leg 
4080 4780 

HALF-WAVE 3000 3510 
CIRCUIT 2 2000 2340 

1500 1750 

THREE-PHASE 
per leg 

4080 9570 
FULL-WAVE 3000 7020 
CIRCUIT 4 2000 4'80 

1500 3510 

THREE-PHASE 
per leg 
4080 4780 

DOUBLE-Y 3000 3510 
PARALLEL 2000 2340 
CIRCUIT ' 1500 1750 

SINGLE PHASE 
per tube 

3535 3950 
FULL-WAVE 3000 mo 

{2 tubes) 2000 2"0 
CIRCUIT l"' 1500 1700 
• With condenser input to filter . 

CHOKE INPUT 
ONE-SECTION FILTER 

MAX. MIN. 
CHOKE CON-

(L) DENSER 
henry1 I;/ 

3,2 ,., 
2.2 2.0 ,., 3.0 
I.I ,.o 
,., o., ,., 0.7 o., 1.2 
0.7 1., 

2.0 ,., ,., 0,7 
1.0 I.I 
0,7 ,., 

MAX. 
0-C 

LOAD 
CURRENT 
amperes 

0.75 
0.75 
0.75 
0,75 

0,75 
0.75 
0.75 
0,75 

,., 
1.5 

'·' ,., 
0.25 
0,25 
0,25 
0.25 

.. For use under the conditions of the !0000-volt peak inverse rating. If the 
866-A/866 is to be used under frequency and/or temperature conditions 
such that the peak inverse voltage is limited to 5000 volts, the a-c input 
voltage and d-c output volfoge values in the table should be multiplied 
by a factor of 0.5 to give new values for the 5000-volt conditions. 

ME0NJM 

STl9BULB 
5._f1~ 

TEMPERATURE SHOU_L_o,::_ _______ .:.,. 

BOTTOM VIEW 
OF SOCKET CONNECTIONS 

NC p NC 

r!jGATH 
F F SHIELD 

PIN 1- FILAMENT 
PJN 2-NO CONNECTION 
PIN 3-NO CONNECTION 
PIN 4- FILAMENT 
CAP - PLATE 

• = GAS-TYPE TUBE 

(I) SINE WAVE SUPPLY (2) BALANCED f>HASE VOLTAGES (3) ZERO TUBE OROP 

ZONE WHERE ~ 6j~¾ 
CONDENSED MERCURY fill 

BE MEASURED I 

i" 
+ TUBE MOUNTING POSITION 

VERTICAL- BASE DOWN 
ONLY 

(4) f>URE RESISTANCE LOAD (5) NO FILTER USED 

266-243TT 
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The Eimoc 872-A/ 872 is a half-wave mercury-vapor rectifier incorporating features which en-
able ii to withstand high peak-inverse voltages and to conduct ot relatively low applied-voltages. The 
shielded ribbon filament, edgewiH-wound, provides a large emission reserve ond 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) 

M AX IMUM RATI NGS (single tube) 
PEAK INVERSE ANODE VOLTAGE' 
PEAK ANODE CURRENT 
AVERAGE ANODE CURRENT 
SUPPLY FREQUENCY 
CONDENSED-MERCURY TEMPERATURE RANGE' 

5.0 volts 
- 7.5 amperes 

IO volts 

Jumbo 4-pin, RMA type A4-29 
See base connection diagram 

10,000 
5 

1.25 
150 

20-b0 

8.5 inches 
2.3 I inches 
8 ounces 

1.5 pounds 

MAX. VOLTS 
MAX. AMPERES 
MAX. AMPERES 

MAX. C. P. S. 
•c 

1 Temperotures in excess of 60° C limit the pea k-inverse rating to S,000 volts wit h a corresponding reduction in 
permiss ible RMS supply voltag es lo one-hal f t hose listed in t he table. 

1 Operdtion a t 40° plus or minus 5° C is recommended. 

APPLICATION 
MECHANICAL 

MOUNTING-The 872-A / 872 must be mounted vert ically, base down. 
COOLING-Provision should be made for adequate air circulation 

around the tube, because cooling is accomplished by convection, The 
temperature of the condensed-mercury in the 872-A / 872 should be kept 
within the ranges given under "MAXIMUM RATINGS" . This temperature 
should be maintained at 40 degrees plus or minus 5 degrees C for most 
satisfactory operation of the tube. To measure the condensed•mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb in the area dHignated on the outline drawing, using a very 
small amount of putty. A condensed•mercury femperature lower than 
the recor.,mended value raises the voltage at which the tube becomes 
conducting and tends to reduce the life of the filament. A temperature 
higher than recommended lowers the voltage at which the tube becomes 
conducting and tends to increase the life of the filament, but reduces 
the peak inverse voltage ratin9 of the tube. When it is necessuy to 
use a shield around the 872•A / 872, care must be taken to insure ade• 
qua te ventilation and maintenance of normal condensed-mercury tem
perature. 

ELECTRICAL 
FILAMENT VOLTAGE-For maximum tube life, the filament voltage as 

mea sured directly at the filament pins, should be held at the rated 
value of 5.0 volts. Unavoidable variations in filament voltage must be 
kept within the range of 4.75 to 5.25 volts. A filament voltage less than 
the minimum recommended value may cause a high tube voltage drop, 
with consequent bombardment of the filament and eventual loss of 
emission. A filament voltage higher than the recommended maximum 
value will also decrease the life of the filament. 

CAUTION SHOULD 8E OBSERVED IN MEASURING 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 tap of the transformer winding supplying the filament 
voltage; if this cannot be done, the return should be connected to that 
side of the filament to which the cathode shields are connected (pin 
No. 2) . When the filaments of two or more tubes are connected in 
parallel, the filament terminals to which the cathode shields are con
nected should be joined. These precautions are recommended to insure 
uniform starting voltage for each tube when several are used in a given 
circuit. 

The filament of the 872-A / 872 should be allowed to reach operating 
temperature before the plate voltage is applied. Under normal condi
tions, a delay of approximately 30 seconds will be required. The delay 
time should be increased if there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be kept at 
its rated voltage during "standby" periods to avoid delay due to 
warm-up. It is desirable to use a protective relay in the plate circuit 
to prevent the application of plate voltage before the filament has 
reached operating temperature. This relay should have a time delay 
adjustable up to a maximum of one minute. 

(Effective 12-1-46 1 Copyright 1946 by Eitel-McCulloug h, Inc. 

When an 872-A / 872 ls first ins talled, the filament should be oper• 
ated at normal voltage for approximately ten minutes with. n~ plate 
voltage applied , in order that the me!cury may be properly distribute~. 
It wi II not be necessary to repeat this procedure unless the mercury 1s 
spattered on the filament and plate during subsequent handling. 

SHIELDING-Electromagnetic and electrostatic fields tend to cause the 
mercury vapor to break down, are detrimental to tube life and make 
proper filtering d ifficult. Consequently, the 8?2-A / 872 shoul~ . be 
isolated from such fields as exist around a transmitter or other similar 
equipment. When the tubes are located in the region of such fields. 
shielding with adequate ventilation should be used around the tubes. 
R-f filtering should also be employed when the tubes are affected by 
r•f voltages. 

FILTERING-A " choke input" filter will allow the greatest usable d-c 
output current to the load. When using a section of filter between rec
t ifier and load, to prevent e xceeding the maximum peak current of 5 
amperes, a suitable maximum value for the first capacitor should be 
determined. Determination of this capacitance should be made under 
conditions simulating those to be used in service. 

The relationship of voltage input, inductance, and capacitance is 
one in which a higher operating voltage requires greater input induct
ance and less following capacitance to keep the peak STARTING 
curr~nt from exceeding S amperes. This is for the usual case where the 
supply is controlled by an on-off switch. 

Where the rectifier plate voltage is started by a control which 9ra
dually raises the voltage from zero or a small amount to the desired 
operating value, starting current need not ordinarily be cons_idered, 
and the c haracteristics of the filter may be based on preventing ex
cessive p•ak current under normal operating conditions. 

In the single phase circuits ( I and 3). if the current drawn by the 
load Is reduced or varies under operating conditions to values less 
than approximately 70¾ of the indicated maximum d-c load current, a 
swinging (input) choke will supply the necessary additional inductance 
to prevent the voltage from rising, and will afford proper filtering 
over a much greater current range. 

Where a larger value of inductance is desirable to obtain additional 
filtering , the subsequent capacitance may be proportionately increased 
to aid in dill further filtering without excessive peak starting and oper• 
a t ing current. Still lower ripple may of course be obtained by added 
sections of filter. 

When "condenser input" filter is used , the peak current will be rela
tively high in respect to the usable load current, and the voltage across 
the capacitor may be as high as 1.4 times the nominal RMS voltage of 
the transformer. 

For parallel operation of 872•A / 872 rectifiers, suitable resistors or 
small inductors may be used in seriu with .. ch plate lead to permit 
equal loading and starting characteristics. The inductors aid in red uc
ing the peak current, and are more desirab le due to their low d •c re• 
sistance. An approximate value for suita b le resistors is SO ohms, and 
for inductors, approximately one-third henry each. 
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SINGLE - PHASE 0.318 E MAXIMUM 3 -14 EAVERAGE FULL - WAVE 0.450 E RMS 2 TUBES 

THREE - PHASE 0.827 EMAXIMUM 2.09 E AVERAGE 
HALF-WAVE 1.l70ERMS 

SINGLE - PHASE 0.636 EMAXIMUM l.57EAVERAGE FULL - WAVE 
4 TUBES 0.900 E RMS 

THREE - PHASE 1.65 E MAXIMUM l.045 E AVERAGE 
FULL-WAVE 2.34 E RMS 

THREE - PHASE 0.827 EMAXIMUM 2 -D 9 EAVERAGE DOUBLE-Y 
1.170ERMS PARALLEL 

CONDITIONS ASSUMED 

0.636 !MAXIMUM 

0.827 lMAXIMUM 

0.636 !MAXIMUM 

O. 955 !MAXIMUM 

1.91 lMAXIMUM 

SINE WAVE SUPPLY, BALANCED PHASE VOLTAGES, ZERO TUBE DROP, 
PURE RESISTANCE LOAD, NO FILTER USED. 

-2~
0

MAX.-
,. 

CAP i 
.550"-.576" O!A. 

~ 
Tl8BULB-

ZONE WHERE 
OONDENSED-hl:ROURY a!' MAX. TEMPERATURE SHOULD 

BE MEASURED~ 

l' 
4 

I • 
1 .109'MAX. 

"'' 1.\65 MAX. 

FOUR PINS ~-- --1 ~ "· \.JUMBO 4 PIN BASE 
RMA TYPE A4·29 

' • ~ TUBE MOUNTING POSITION 
.687" · . - VERTICAL: BASE DOWN ONLY. 

I 

.971 

INPUT VOLTS 1 APPROX. D-C MAXIMUM D-C 
CIRCUIT MAXIMUM A-C OUTPUT VOLTS OUTPUT CURRENT 

(RMS) TO FILTER AMPERES 

3535 
per tube 3180 2.5 

<!080 
per leg <!780 3.75 

7070 
total 6360 2.5 

<!080 
per leg 9570 3.75 

4080 
per leg <!780 7.5 

1 Max. peak inverse voltage of 10,000 volts. 

p 

CAT:.~3 NC 
BOTTOM VIEW OF SHIELD • 

SOCKET CONNECTIONS 
I 

NC F 
PIN I - NO CONNECTION 
PIN 2- FILAMENT, CATHODE SHIELD 
PIN 3-NO CONNECTION 
PIN 4-FILAMENT 
CAP -PLATE 
• -GAS TYPE TUBE 

266-6<!3<!7 
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Eimac vacuum capacitors are small, vacuum-dielectric units intended principally for use as all or 
part of the plate tank capacitance in radio-frequency amplifiers or oscillators. They are also frequently 
used u hig h-voltage coupling and by-pass capacitors at high frequencies a nd as high-voltage neu
tralizing capacitors, when used in conjunction with small high-voltage variable capacitors having a 
small capacitance range. The use of a vacuum as a dielectric permits the construction of a com
paratively small , lightweight capacitor for a given voltage rating and capacitance. In addition, the 
effects of dust and atmospheric conditions on the capacitor are eliminated by sealing the plates 
within a glass envelope. 

These capacitors are manufactured in two maximum peak voltage ratings, 32,000 and 20,000 volts, 
and in capacitances of 6, 12, 25 and 50 uufd . All types have a maximum current rating of 28 
amperes. Each of the capacitors may be operated at its full maximum voltage rating at any freq uency 
below that at which the rms current through the capacitor is 28 amperes. Above this frequency, the 
r-f voltage across the capacitor must be reduced as the frequency increases, to prevent the current 
from exceeding the maximum rating . The graphs below show the maximum peak r-f voltage which 
may be applied to e ach type of capacitor at freque ncies 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 between 100 kilocycles and 50 megacycles. Where both r-f 
and d -c voltages are applied to the capacitor, the sum of the peak r-f and d -c voltages must not 
exceed the peak voltage rating of the capacit or. 

Eimac vacuum capacitors are provided with terminals which allow the use of standard 60-ampere 
fuse clips for mounting . These clips must be kept clean and must at all times make firm and positive 
contact with the capacitor terminals. Failure to maintain a low-resistance contact to the capacitor 
terminals may result fn excessive heating and permanent damage to the capacitor seals. 

VC50-32 
Cttpacitance• V> 

40 

30 

I I I I 11 
VC50- 32 MAXIMUM PEAK VOLTAGE 

vcsd- 20 IMAJ,M1 M \UK I VOL r AGE I,,. 

VACUUM 
CAPACITORS 
VC50-32 VC50-20 
VC25-32 VC25-20 

VC 12-32 VC 12-20 
VC6 - 32 VC6 - 20 

I 

v bsci-3~ 1,#£lO.;!,O.JiA£..~ :!!l!l! ti!;; --~ 
40 

30 

Max. Peak Voltage 

Max. RM S Current 

50 µ.µ.fd. 
32,000 volts 

28 amps. 

~20 
0 v' " --i_,~~J 20 

"' "' 0: 

VC50-20 
Capacitance• 

Max. Peak Voltage 

Max. RMS Current 

VC25-32 
Capacitance• 

Max. Peak Voltage 

Max. RMS Current 

VC25-20 
Capacitance• 

Max. Peak Voltage 

Max. RMS Current 

50 µ.µ.fd . 
20,000 volts 

28 amps. 

25 µ.µ.fd. 
32,000 volts 

28 amps. 

25 µ.µ.fd. 
20,000 volts 

28 amps. 

> 
~ 
"'10 

I 
01 

40 

30 

01 

( Effective 6, 15-52) Copyri9ht, 1952 by Eitel-McCullou9h, Inc. 
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VC12-32 
Capacitance* 
Max, Peak Voltage 
Max. RMS Current 

VCl2-20 
Capacitance* 
Max. Peak Voltage 
Max. RMS Current 

VC6-32 
Capacitance* 

Max. Peak Voltuge 
Max. RMS Current 

VC6-20 
Cdpacitance* 
Max. Peak Voltage 

Max. RMS Current 

12 µ,µ.fd. 
32,000 volts 

28 amps. 

12 1-'l'ld. 
20,000 volts 

28 amps. 

b !'!'Id. 
32,000 volts 

28 amps. 

b !'!'Id. 
20,000 volts 

28 amps. 

,o 
30 

' 

,o 
30 

I-

r= 
~ 
I-

I-

o., 

II I I I I I I I I I 
VG12·32 MAXIMUM PEAK VOLTAGE 

vc/2-32 a Jc12-2'o-
V 12-20 lA x MU" ~~AK 

1
vni TAGi= _,,./ >(""M~R~~~ 

I 1, ,/ -,4'o~ 
EIMAC vc12-32 a vc12-20 I,,:.;./ vlo~<? 

- L.,, <c,.~'-' - '(,-_,f'l-1-r ti 
MAX. PEAK VOLTAGE a ~ 

:=c,..:i~'?, Ge-. 

MAX. RMS CURRENT .,. 
~ ~ 

vs ~-:')~:+,,\ti 
FREQUENCY ~~')!_ ~~ 

,:~.1- ;\'!,,'?-! 
~ 4~• -; ;;, 

' . I, ,.,,, ,/' 
OE I ,o 50 

FREQUENCY, MEGACYCLES 

! I I I I I 
VC6·32 MAXIMUM bEAK VOLTAGE 

,o 
30 

,o 
30 

JcU2b MAXIMUM P""AK JoLT)GE "" "'.w 
~ 20 f---+-++-l-+-ni"rli'-"'""'>!!t¥i"'-'r"-'-'11'"-H-l-+t+--_,.-t..,.,.:_,.'+,,::>'1920 j 
I 101-- EIMAC vcs-32 a vcs-20 -r<..✓ ,.,,, 10 ~ 
ui :=::: MAX. PEAK VOLTAGES ti;" 
~ ;:::::: MAX: RMS CURRENT v ~ g 5 r-- VS ..._ _ _,_ __ ...__ 5 il 

~ t---- FREQUENCY 1c~o ~ '- ~ 
n. -✓ ~r:,~7 

.. .,,,,✓~ .,,,,,,,,,,,,,. I 
ILo-.,--_J __ .L-I-_JoL,_I_.LLL.L..£..._~,:_ _ _L_J_L_J_LJ_LJ,oL._ __ _J __ j__L...,J ' 50 

FREQUENCY, MEGACYCLES 

•Toleranc:es: 
vcso.32. vcso-20 ± I µµId.: vc2s.32, VC25-20 . . . ± I 1t;uld.: VCl2.32, VC12-20 . ± I µ.µ.Id.: VC6-J2, VC6-20 ... ± 0.5 µ,µ.Id . 
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• Indicates change from sheet dated 4-1-46. 
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Eimac vacuum capacitors are small, vacuum-dielectric units intended principally for use as all or 
part of the plate tank capacitance in radio-frequency amplifiers or oscillators. They are also frequently 
used as high-voltage coupling and by-pass capacitors at high frequencies and as high-voltage neu
traliting capacitors, when used in conjunction with small high-voltage variable capacitors having a 
small capacitance range. The use of a vacuum as a dielectric permits the construction of a com
paratively small, lightweight capacitor for a given voltage rating and capacitance. In addition, the 
effects of dust and atmospheric conditions on the capacitor are eliminated by sealing the plates 
within a glass envelope. 

These capacitors are manufactured in two ma,imum peak voltage ratings, 32,000 and 20,000 volts, 
and in capacitances of b, 12, 25 and 50 uufd. All types have a muimum 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 current through the capacitor is 28 amperes. Above th is frequency, the 
r-f voltage across the capacitor must be reduced as the frequency increases, to prevent the current 
from e•ceeding the maximum rating. The graphs below show the muimum peak r-f voltage which 
may be applied to each type of capacitor at frequencies between I 00 kilocycles and 50 megacycles. 
Curves are also shown which indicate the rms current flowing through the capacitor under ma,imum 
r-f voltage conditions at any frequency between I 00 kilocycles and 50 megacycles. Where both r-f 
and d-c voltages are applied to the capacitor, the sum of the peak r-f and d -c voltages must not 
uceed the peak voltage rating of the capacitor. 

Eimac vacuum capacitors are provided with terminals which allow the use of standard b0-am pere 
fuse clips for mounting. These clips must be kept clean and must at all times make fir m and positive 
contact with the capacitor terminals. Failure to maintain a low-resistance contact to the capacitor 
terminals may result in ucessive heating and permanent damage to the capacitor seals. 
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VC50-32 VC50 · 32 MAXIMUM PEAK VOLTAGE 

VACUUM 
CAPACITORS 
VCS0-32 VCS0-20 
VC25-32 VC25-20 

vc 12-32 vc 12-20 
VC6 - 32 VC6 - 20 

I I I 1 1 I I 
I TTnr I _I 

40 

30 

Capacitance* 50 µp..fd. 
32 ,000 volts 

28 amps. 
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30 
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vr.5J-20 IMAtJM I PlJ I VOLT AGE 

VC50;;,,32 AT1VC50·20 MA ~RMS CURREN!;; ,, ~ .... ~ --- - --
,,,,/ /' 1-~01T 20 

Ma,. Peak Voltage 

Ma,. RMS Current 

VCS0-20 
Capacitance* 
Ma,. Peak Voltage 
Ma,. RMS Current 

VC25-32 
Capacitance• 

Mu. Peak Voltage 
Max. RMS Current 

VC25-20 
Ca pacita nce• 

Mu. Peak Voltage 
Mu. RMS C urrent 

50 µµf d . 
20,000 volts 

28 amps. 

25 µµ fd . 
32,000 volts 

28 amps. 

25 µµfd. 
20,000 volts 

28 amps. 
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VC12•32 
Capacitance* 

40 

50 

- ,o 
" a 

I I I I I I I I 
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VARIABLE 
VACUUM 

CAPACITORS SAM 9RUMO, CALIFORNIA 

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 ( VVC4-60-20). 
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 fre e. Thus the multi
ple capacitor may be connected with the units in 
para lle l, 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 a llowable current 
( RMS) 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 re turn to previously-indexed settings 
is posit ive . The variable vacuum capacitors have a 
low temperature coefficient resulting in a negli
gible chang e in capacitance due to variation in 
t emperature . The actual coefficient va lues 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 

Effective 3-1-49 Copyright 19•9 by Eitel-McCullough, 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. Fai lure to maintain a low resistance 
contact to the capacitor t e rminal 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 e lectrical 
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 la rge 
val ues 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 kee p the metal of the metal-to
glass seals be low 150° 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 recomme nded to avoid forcing the 
mechanism when it reaches the limit of its travel 
in either direction, 



TUNING SHAFT.TURN ~ 
COUNTER·CLOCKWISE 
TO INCREASE 
CAPACITY 
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The VVC60-20 is a single unit variable vacuum capacitor. 

CHARACTERISTICS 
ELECTRICAL 

Capacitance 
Maximum ........... ....... ...... ........................... . 
Minimum ................................................... . 

Number of revolutions (See Curve) .......... ......... . 
Maximum Peak R.F. Voltage ............................. . 
Maximum Curren t (RMS) ................................. . 

60 mmfd 
10 mmfd 
17 turns 
20 kilovolts 
40 amperes 

(See derating curve vs frequency ) 
Temperature Coefficient .......... ........................... . + .004 mmfdl°C 

MECHANICAL 
Mounting ........... ......................... .................... See Outline Drawing 
Cooling ............................................................ Air Convection 
Maximum Seal Temperature............................ 150°C. 
Maximum Overall Dimensions 

Length .. ....... .......................................... . 5-11/16" 
3- 1/16" 

1 lb. 6 oz. 
2 lb. 

Diameter ................. ................................ . 
Net Weight ................................................... . 
Shipping Weight (average) ..... ...................... . 

!o ~ EIMAC VVC60-!0 . ., Turn1 of Ori..-.1h.,.1 i:, ... 
~; 

C• .aclt•nc.e 
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3 . 

•, . , . •~s·~~ 
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DO NOT MAKE 
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3" 
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•e-32 SCREWS 

<I> .., 
« .., ... 
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z .., 
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:II 
« 

MAXIMUM CURRENT RATING 
vs 

FREQUENCY 
I I I 

( MAK. PEAK VOLTAGE 20KV) 

-------..... 

" 
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FREQUENCY - MEGACYCLl:3 
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The VVC2-60-20 is a dual unit variable vacuum capacitor consisting of two 
VVC60-20 units in a convenient gang mounting. 

ELECTRICAL 
CHARACTERISTICS 

Capacitance 
Maxi mum ...................... ...... . 
Minimum ............................... . 

Number of revolutions ( See Curves) 
Maximum Peak R.F. Voltage ......... . 
Maximum Current ( RMS) ........... . 

(See derating vs frequency) 
Temperature Coefficient ............... . 

MECHANICAL 
Mounting ..................................... . 
Cooling ..... .................................... . 
Maximum Seal Temperatu re ......... . 
Maximum Overall Dimensions 

Depth .... .............................. . . 
Height ................................. . 
Width ................................... . 

Net Weight ................................... . 
Shipping Weight (approx.) .......... . . 

9• 
532 

9" 

L 
, .. 

632 8 
I 

--r 

' 5" 
8 

Parallel Split Stator 

120 
20 
17 
20 
80 

+.008 

23" 
32 
I 

I 
3" 

4 32 

l 
3" 

13" 'i6 'Ts 

1" 
4 

30 
5 

17 
40 
40 

+.002 

mmfd 
mmfd 
turns 
kilovolts 
amperes 

mmfd/°C 

See Outline Drawing 
Air Convection 
150° C 

6-9/32" 
3•1/ 8" 
8- 1 / 8" 
4 lbs. 
8 lbs. 
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VVC4-60-20 
VARIABLE 
VACUUM 

CAPACITOR 
SAMl<BRl,lHO, CALIFORNIA 

The VVC4-60-20 is a four unit variable vacuum capacitor consisting of four 
VVC60-20 units in a convenient gang mounting. 

ELECTRICAL 
CHARACTERISTICS 

Capacitance 
Parallel Split Stator 

Maximum ............................. . 240 60 mmfd 
Minimum ................................ 40 10 mmfd 

Number of revolutions (See Curves ) 17 17 turns 
Maximum Peak R.F. Voltage.......... 20 
Maximum Current (RMS).............. 160 

(See derating curve vs frequency ) 
Temperature Coefficient ................ +.016 

40 kilovolts 
80 amperes 

+.004 mmfd!°C 

MECHANICAL 

., 
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er 
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2120 
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'100 ... 
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~ 80 
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10 

10 

Mounting .......... ............................. . 
Cooling ........................................... . 
Maxim1 m Seal Temperature ........... . 
Maximum Overall Dimensions 

Depth ................. .................. . 
Heigh t ................................... . 
Width ................................... . 

Net Weight ................................. . 
Shipping Weight (approx.) ........... . 

See Outline Drawing 
Air Convection 

1so0 c 

6- 9/32" 
7-13/16" 
7-13/16" 
8 lbs. 

14 lbs. 

23 " 
32 

I 

---t-----... MOUNTING HOLES 
4 5• I 45" 

6" DIA 
PC 

Printed in U.S.A. J.A9•66508 



I= I T I= L- Mc C UL LO U G 1-1, IN c. 
SAN BRUNO, CALIFORNIA 

PREFORMED CONT ACT Fl NGER 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 means of providing good c ircu it 

continuity when using components with adjustable or moving contact 

surfaces. It is especially suitable for making conne ctions to tubes wi th 

coaxial terminals, or to moving parts, such as long-line and cavity type 

circuits; and it is also useful in acting as an e lectrical "weathe r-strip" 

around access doors to equipment cabinets. 

The material is a heat treated alloy; and is silver plated for better r-f 

conductivity. No further forming of the material should be atte mpted. 

Eimac Finished Finger Stock has a minimum radii 

the 17 / 32" type , and¾ " for both the 31 / 32" 

and 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 ). The Raw Finger 

Stock can be formed to diffe rent shapes by the 

user but it then must be care fully heat treated. 

Finished Finger Stock rece ives 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 considera tions are 

necessary, except those required to a void oxi

dation. Eitel-McCullough will not undertake to 

heat tre at or plate Raw Finger Stock after 

be ing 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: 

G e neral Plate Division 

Metals and Control Corporation 

Attleboro, Massachusetts 

Standard lengths of either Raw or Finished 

Finger Stock are I foot, 2 feet and 3 ( maxi

mum) feet. Some small variation about the 

standard lengths should be expected. 

• Indica tes change fr om sheet da ted 9-15-51. 

(Effective 3-10-Sl ) Copyright, 1953 by Eitel -McCullough, Inc. 

of curvature of 1/i " for 

Eima c Tubes and 

Contact Surfaces 

• for which Finger 

Stock is especially 

suitable. 
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HR HEAT 
DISSIPATING 
CONNECTORS SAN BRUNO, CALIFORNIA 

Eimoc HR Heat Dissipating Connector$ Qre U$ed to make 
electrical connections to the plate and grid terminals of Eimoc 
tubes, and, at the some time, provide efficient heat transfer 
from the tube element and gloss 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-cool 
the connector by means of a small fan or blower. In such cases 

the air flow should be parallel with the fins of the connector. 

PLATE CONNECTOR 
TUBE CONNECTORS GRID 

2-2SA HR- 1 ............ 
2- S0A HR- 3 ..... 
2-1 SOD HR-6 ····· 
2-240A HR-6 ............ 
2-2000A HR-8 HR:f· 3C24 HR-I 

4-6SA HR-6 ............ 
4- 12SA HR-6 ·····•····· 
4-2SOA HR-6 ............ 
4-400A HR-6 ....... 
4-I000A HR-8 ............ 

• 4E27A / S- 12SB HR-S •··········· • 4PR60A HR-8 • 6C21 HR-8 .. iiR:a 

KY21A HR-3 ·····-····· 
RX21A HR-3 
25T HR-1 ......... 
35T HR-3 
35TG HR-3 HR-3 
UHSO HR-2 HR- 2 

Designed for use on the larger tubes, the HR-9 Heat Dissipating 
Connector is provided with on air duct to conduct the cooling 

air directly to the glass seal. 

HR Heat Dissipating Connectors ore machined from solid 
durol rod, and ore supplied with the necessary machine screws. 
The table below lists the proper connectors for use with each 
Eimoc tube type. 

PLATE CONNECTOR 
TUBE CONNECTORS GRID 

7STH-Tl HR-3 HR- 2 
JOOR HR-8 
l00TH-Tl HR-6 HR- 2 
VT127A HR-3 HR- 3 
152TH-TL HR-S HR-6 
2S0TH-Tl HR-6 HR-3 

2SOR HR-6 ············ 
253 HR-8 ............ 
304TH-TL HR-7 HR-6 

327A HR-4 HR-3 
4SOTH-TL HR-8 HR-8' 

• S92/ 3-200A3 HR-10 HR- S 

7SOTL HR-8 HR- 8 
866A HR- 8 
872A HR-8 ........... 
1000T HR-9 HR-9 

• 1500T HR-8 HR-8 • 2000T HR-8 HR- 8 

•The grid terminal of the 4S0TH-TL type tube is now .560" in diameter. To a ccommodate existing equipment designed for the older style 450TH-TL 
having .098" diameter grid terminals, an adapter pin is provided with the newer tubes. This adapter pin is threaded so that it may be removed 
from the grid terminal of the tube. The small grid terminal requires an HR-4 connector. 

(Effect ive 3-9-53) Copyright, 1953 by Eitel-McCullough, Inc. • Indicates change from sheet dated 7-1-50 
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SECTION A 

INTRODUCTION 
The user o f transmitting tubes is no doubt 

familiar with the usua l 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 w ith 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 t o 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/t" 
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 t o 
3000 Mc.). 
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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 radiation s. 

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 t echniques, 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 (W6CEM), and in use 

at WIFH. 

• 



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. Shielding 

By referring to Figs. 2, 3, 4, 5, and 6, one 

Fig. 2 

Push-pull r-f amplifier employing 4-250A tetrodes. 
Designed and built by C . F. Bane (WbWB) ' . 

Fig. 3 

Push-pull 88-108 Mc. I Kw. amplifier employing 
4-400A tetrodes. Radio Engineering Laboratories, 

Model 70 I transmitter. 

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. 
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SECTION B 

Fig. 4 

Push-pull 110 Mc. amplifier employing 4-I000A 
tetrodes. Gates Radio Co. Model BF 

3 kw tra smitter. 

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 
ene:gy 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-p ull parallel 110 Mc. 3 kw ampli
fier employing 4X500A tetrodes. Designed and 

built by Eitel-McCullough Laboratories. 
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Fig. 6 

Experimental 950 Mc. doubler final and tripler 
driver employing 4X150A 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 Class-AB, audio amplifier. 
Designed and built by Eitel-McCullough 

Laboratories'. 
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Fig. 8 

4-125A mounting providing cooling, shielding and 
isolation of output and input compartments. 

B-1-b. Air Cooling 

If the flow of cooling air is upward it will be 
consistent with the normal fl.ow 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 

---1--1--

Fig. 9 

4X150A chassis mountin'g providing cooling, shield
ing and isolation of output and input compartments. 

glass envelope and into the output circuit com
partment. 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. 

Fig. JO 

DO NOT SUB-MOUNT A METAL BASE SHELL 
TUBE. Base cooling is prevented and 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 prevents 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 deck. 

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-l0OOA 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 flow 
of air standardized, a simple m easurement of the 
air pressure at the input indicates the proper 
Bow of air. This assumes that there are no other 
air flow 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 cb-cuit 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 r-f current to flow out th e 
screen lead to t he 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 flow 
in this same lead to chassis, or to the opposite 
tube of the push-pull circuit. 

Curiously enough, the inductance of this 
lead, common t o 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".) It 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 Socket p roviding 
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 m inor 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 th e 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 m ade 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 



Fig 12 

Underside of push-pull multi-band r-f amplifier 
employing 4-250A tetrodes. Designed and 

built by C. F. Bane (WbWB) '. 

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 a lso applies to that 
portion of a lead inside of a bypass capacitor. 

SCREEN 

Fig. 13 

Typical socket bypassing of screen and filament 
terminals as used by C. F. Murdock (WbOMC). 
Note use of parallel low inductance ceramic and 

larger mica capacitors. 

SECTION B 
B-4. Filament Bypassing 

Low inductance bypass capacitors should be 
used in bypassing the filament. It is good practice 
to .place one-directly-between the--fil-araent -socket--
terminals. If the circuit allows it, strap one fila
ment directly 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 
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Fig. 14 

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 fi lament 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 Bypassing and Screen Series Tuning 

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 flat sandwich type of 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 mid 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. 

~oo.n 

-Ee 

Fig. 16 

Screen-tuning neutralization circuit for use above 
100 Mc. with 4-125A 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 bypassR 
ing is introduced as part of the cavity construc
tion. 

t 
!,p,t 

Fig. 17 

Schematic cavity section of 1250 Mc., amplifier 
employing 4X150G tetrode. 

- ----- _-_.,,.,,_.,__ -

SECTION C 
C-2. Bypassing, Filtering, Screening 

Essentially the requirements £or 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 £or 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 grid 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, there 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 from 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, the grid bias re
quired will be much greater than the amount of 
bias desired under normal operating conditions. 
For further discussion see C-4 "Protection" and 
C-5 "Keying". 
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SECTION C 

If the output power of a transmitter or am
plifier stage is to be adjustable by varying the 
plate voltage, it is advisable to take the screen 
voltage through a dropping resistor 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 to rise or fall. It is 
necessary to have the plate current proportional 
to the plate voltage if the same loading adjust
ment (load resistance) is to serve for all power 
levels. If the plate current does not follow the 
plate voltage, the loading would have to 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. 

FIXED SCREEN SUPPLY 
SCREEN VOLTAGE THROUGH 

DROPPING RESISTOR 

FlXE[) GRID BIAS 

All variable gri<I 
drive application,, i.e. 

Audie Amplifier<. 

i/1::, ~'.';,"~~~l~iiu,. 
Grid Med. R·F Amp. 

r,ovidu proteet!on 
againd l<»s of 
excitation, er 
keyed drlver. 

RESISTOR GRID BIAS RESISTOR GRID BIAS 

ScreM Mod. R.F Amp. Plato Mod. R.f Amp. 

Reduces e/ted< of Variable loading application,. 
excitation variations. 

Fig. 18 

Power level odju.table by 
changing plate voltage. 

Pro~ection can be had for 
loss of excitation or keyed 
exciter ,tage by using the 
scrun voltage control of 
Fig. 20. 

Applications and circuits to which fixed and resistor type 

screen and grid supplies are 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 to 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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CIRCUIT FAILURE 

Len of l:xcit.,tion 

lo., of Anlenn.. 
Loading 

Excen Antenna 
Loading 

Failure of Plate 
Supply 

Failure of Screen 
Supply 

F.,iluro of Grid 
Bio, Supply 

FIXED SCR,EEN SUPPLY 

FIXED RESISTOR 
GRID GRID 
OIAS BIAS 

No Pre• Plote Current 
tedion Relay 
Required 

Sc,...~n Scrun 
Current Current 
Relay Relay 

Screen Under. Screen Under• 
Current Current 
ReJ.,y Relay 

Screen Screen 
Current Current 
Relay lle!ay 

Grid Ncthing 
Current Requir<!d 
Rel•Y 

Plate Current -
Reloy or 
Screen 
Current 
Relay 

SCREEN VOLTAGE THROUGH 
DROl'PING RESISTOR 

FIXED RESISTOR 
GRID GRID 
BIAS BIAS 

Pl.,te Current PIMe Current 
Relay Relay or Screen 

Ccntrol Circuit-
Fig. 20 

Grid Nelhin9 
Current R~quired 
Relay 

Plate Current Plats Current 
Reloy Relay 

Grid Nothing 
Curcent Required 
Reloy 

- -
Plote Current -
Reloy 
Grid Current 
Reloy 

Fig. 19 Protection Chart 

This chart indicates the location of a suitable relay which should 
act to remove the principal supply volhge 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 pe:riods of time sufficient to overheat 
the bulb and the seal structure. 

Similarly 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 0£ 
overloads on the control and screen grids i~ 
necessarily short because of the small heat stor• 
age capacity of the wires. Futhermore, grid tern 
peratures cannot be seen, as in the c~se of thE 
plate temperature, and no visual warning o 
accidental overload is had. 

The type and degree of protection require, 
in. an r-f amplifier against circuit failures wil 
vary with the type of screen and grid voltag 
supply. Fig. 18 -indicates some of the inheren 
protection provided by certain types of supplies 
and Fig. 19 presents a chart of protection as re 
lated to certain kihds of circuit failures, Fo 
screen voltage taken through a dropping resisto 
from the plate supply, a plate relay provides a 
most universal protection. For a fixed screen sup 
ply a screen relay provides protection in mo~ 
cases, and, for protection against excess antenn 
loading and consequent high plate dissipation, 
screen undercurrent relay should also be usec 
(Starting up in the latter case will, of course, r 
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. 

4~5 

4-~o~s 
---af-~---<· 

FROM EXCITER 

Fig. 20 

- "' + 

TQ PLATE TANK 

25,000 TO 
!00,000 OHMS 

Screen voltage control circuit for exciter keying 
or protection against loss of excitation when 

supplying screen from high voltage source 

II 

" 
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Fig. 21 
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Tetrode amplifier keying circuit used by B. 0, 
Ballo, (W6BETJ'. 

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 flows 
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 the 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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keyed directly. The circuit is described by 
Ballou2

, 
11

• This permits keying in a relatively 
low voltage, low current circuit. The key click 
filter capacitor, resistor, 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. 

~~ ~~ 
I\-?~ 

1 

I 11,,Et 
"• -~! "'""• -=:·oo,-, ~ 

~ - """-' 

. . . 
Fig. 22 

Biisic high-level-modulating circuits for tetrodes, 

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 o/c 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. In the case of 
voice modulation this is about a 10 
henry choke. 

3. A third winding on the modulation trans
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. 

It will be noted that in the plate circuit a 
the plate voltage increases, the plate current in 

creases, which requires power to be supplie 
from the audio modulator. In the screen circui 

however, as the screen voltage increases, th 
screen current decreases. This corresponds t 
audio power being supplied from the tetrod 
and d-c screen voltage source, and delivered t 

the dropping resistor or series impedance. In th 
case of the modulation transformer the power i 
supplied back to the audio source. In all case 

this power is a few per cent of the plate pow 
input to the tube and is therefore negligible. 

Where modulation voltage appears on 
electrode of a tube, the r-f bypass capacitor 

this electrode should be kept to about .002 mm 
or less in order to avoid bypassing high modul 
tion frequencies. 

In grid modulation or screen modulatio 

where lOOo/o modulation capabilities are desire 
the tube efficiency under carrier conditions 

about hall that expected in the r-f amplifier wh 
plate (high level) modulation is used. T 

efficiency is usually on the order of 35% and th 

grid or screen modulation .is not used unless th 

is a desire to save on the physical size of t 
modulation source. 

When grid modulation is used, the scr 

voltage and grid bias must be taken from sour 

with good regulation. This usually means a s 

arate low voltage power supply source. In 
case of screen modulation, the grid bias sho 

be taken from a grid leak bias resistor. The p 
cedure in screen modulation is othenyise sim · 
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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 l/3 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 g:rid 
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 
full plate dissipation, however. For this 
test grid leak bias should be u~ed. 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 the 
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 the 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

, Fyler4 
1 Banes. 

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, the 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-lO00A 
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. 

Fig. 24 

Placement of parasitic suppressors to eliminate 
VHF parasitic 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 11 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 self 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 Mix3 and Bane5
• 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. 
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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. Neutralizatian 

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 4X150A and 4Xl50G, 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 screen 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 of 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 sim lest. The neutralizin ca acitors 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 11 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. 

,. 

Fig. 25 

Push-pull grid neutralization, 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· Bruene6, 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 

tance grid to plate of the tetrode, and Cgf is the 
total input capacitance, including tube and stray 
capacitance. 

l•I 

l 
c, 

lb) 

Fig. 26 

Single-ended grid neutralization described by Bruene8
• 

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 Hultberg'. 

Input 

m 

Fig. 27 

Single-ended plate neutralization, basic circuit, 
See Hultberg7

, 

Such a circuit is shown in Fig. 27. 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 



' 

circuit by the internal tube capacitances plate to 
grid, Cpg, and screen to grid, Csg. 

Fig. 28 

Single-ended plate neutralization showing 
capacitance bridge circuit present, 

•Eb 

The circuit is redrawn in Fig. 28 in the 
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 screen 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 flow 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 
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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 i~dicator 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 circuit 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 neutralization 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 
will 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 current 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. 

J 
-E 

Fig 29 

Tetrode characteristics involved in feedback 
circuit. 
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Fig. 30 

Graphical presentation of components of output 
circuit voltages in tetrode when self neutralized. 

D-2-b. Analysis of Neutralizing Circuits 

T 

Careful analysis of the feedback circuits of 
tetrodes in the VHF region has been made8 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 fl.ow 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 polarity 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 plat"e
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 30 Mc. 
45Mc. 
45Mc. 

75 to 90 Mc. 
75 to 90 Mc. 
SO 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 series screen-lead 

capacitance. 

-E 

When the tube is operated below the self 
neutralizing frequency, the normal cross neutral
izing circuits apply. In this case a neutralizing 
capacitoi; 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 of output voltage of a tetrode when 
neutralized by added external grid-to-plate 

capacitance. 

izing capacitor) is connected to the grid of the 
tube ra~her 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 operation is desired over a range of 
frequencies including the self neutralizing fre
quency of the tube, this circuit is also desirable 
because the incidental lead inductance in the 
variable tuning 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 has been found satisfactory. 

D-2-c. Self-Neutralization of the VHF Parasitic 

Another method of changing the self neu
tralizing frequency of a tetrode is had when 
using the general bypassing arrangement of 
screen and filament shown in Fig. 23. The screen 
lead is bypassed with minimum inductance to 
the filament terminal of the tube. Some induct
ance is introduced in the common filament and 
screen grounding lead. 
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Fig. 33 

Components of output voltage of a tetrode neu• 
fralized by adding inductance common fo 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 4-1000A, 
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. 

It is interesting to note that the later addi
tion of cross-neutralization for the fundamena] 
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. Properly Adjusting Excitation and Loading 

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 that 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. Operating Voltages and Currents for 
Various Applications 
Probably the simplest way to get an idea of 

the capabilities 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 
¾ 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 t0lerance is allowed. In 
general, the currents indicated will be within 
plus or minus 10% of the values shown. 

D-5. Effect of Different Screen Voltages 
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 Sheet". 

D-6. Balonce 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 flow 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-AB, or Class-AB,, 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 Brown12 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 
pi:evented. 

It has been found that the plate circuit effi
ciency of tetrode harmonic amplifiers is quite 
high. In triode amplifiers, ii 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-1 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 alJ 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 alJ supply 
leads and wires coming into the output 
and input compartments. 

5. The use of resonant traps for particular 
frequencies. 

D-8. Driving 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 ~der typical operation on the data sheets 
!s 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 itsel! 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 manner12 (d-c grid current times the peak 
positive grid voltage). 
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D-9. VHF and UHF Operating Conditions for 

Satisfactory Plate Efficiency and Minimum 
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 this 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 volt
age necessary to obtain plate circuit per
formance, even though the d-c grid cur
rent is considerably lower than one 
would expect at lower frequencies. 

4. The cathode lead inductance common to 
the output and input circi;its should be 
kept to a low value. 

It is found that the choice of driving condi
tions as indicated above does not necessarily de
crease the plate efficiency as much as at lower 
radio frequencies. The steps indicated above 
should be tried 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 these frequencies is obtained when 
the loading is greater 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 same condition reduces driving power 
and screen current and, as will be noted later, 
improves life expectancy, 

LI FE 
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 Vacuum Tube Ratings is available13• 

In general, 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, operation 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" 11

-

E-2. Cooling 
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
ta.in 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 i-easons, 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. 

po;ge 23 

If the tubes are to become a part of a VHF 
line circuit or cavity UHF circuit, the inductance 
associated with the electrode supports and leads 
must be reduced to a very small value. In the 
case of the 4X150A, 4X150G, and 4X500A, some 
of the electrode leads and supports take the form 
of large surfaces, 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 conflict, 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
serve the spring tension at the relative high 
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 ari.d 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 
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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 Tempi! 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 15 on the subject. 

E-3-c:. Backheating by Electrans 

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 flight 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 heayY 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 
LOADING. 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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TETRODES 

.._.SA 4PR60A 

4-IOOOA 

2C39A IOOT 

IOOOT 1500T 

I 

Vacuum Capacitor 

4-IZSA 

4W20000A 

152T 

2000T 

vc. 
FiHd, 

Vacuum Capacitor 

4X150A 

25T 

250T 

Air-system 
Sockets 

304T 

3X2500F3 

LANEOUS 

e, 
\,.. ----

HR, H .. t 
Dissipating 
Connectora 

QUICK-REFERENCE 
CATALOGUE 

EFFECTIVE 

DECEMBER 1, 1952 

75T 

750T 

3WIOOOOA3 4E27 A/ 5-125B 

Diffusion Pump Vacuum Switch 



4PR60A High-vacuum, radial-
beam, pulse modulator tet-
rode. Oxide cathode internal 6.0 3.06 26.0 2.2 
anode. Unilateral replacement 
for 7158, 71 SC, and 5D2 I. 

4W20000A 20 Kw., water-
cooled, high transconductance 
radial beam, power tetrode. 
Unipotential thoriated tung- 12.0•• 5.0 I O.Ot 30.0 
sten cathode, non-emitting 
grid , external anode. Concen-
tric VHF terminals. 

4X1 SOA I SO-watt plate dissi-

4X1 SOD pation , forced - air A 
cooled, general purpose, high 6.0 2.6 
transconductance radial-beam 2.47 1.65 
power tetrode. Oxide coated D cathode, external anode. Op-

26.5 0.57 er ates in normal amplifier 
service through 500 Mc. 

4X1 SOG I SO-watt plate dissi-
pation, forced-air cooled, gen-
eral purpose radial-beam pow-
er tetrode. Oxide coated cath- 2.63 1.65 2.5 6.25 
ode, external anode. Concen-
tric UHF terminals. Operates 
up through I 000 Mc. 

4XSOOA 500-watt plate dissi-
A 4XSOOF pation, forced - air 4.75 2.63 5.0 13.5 

cooled, general purpose radial-
beam power tetrode. Thoriated 
tungstan filamer,t, non-emit- F 
ting grids, external anode. 5.13 2.72 5.0 13.5 

PENTODE 
4E27 A/ 5-125B 125 • watt 

plate dissipation, radiation 
cooled, general purpose ra- 6.19 2.75 5.0 7.5 
dial-beam power pentode. See 
Note I. 

See page 5 for explanation of class of service symbols. 

Note I· Thoriated tungsten filament, non-emitting grids, pyrovac plate. 

90,000 

75,000 

12,000 

12,000 

5,200 

5,200 

2,150 

Pulse . . . 20,000 18 
Mod 

(avg.) 

B TV 220 8,000 15 

C CW 220 8,000 15 

B Aud. ... 1,250 .250 

8 TV 500 1,250 
, ...... , 
.250 

ccw 500 1,250 .250 

ccw 500 1,250 .250 

AM Pl 500 1,000 .200 

ccw 750 1,250 .250 

Plate 
1,200 7,000 • Pulse 

ccw 110 4,000 .350 

B TV 220 3,000 .350 

ccw 110 4 ,000 .350 

B Aud ... 4,000 .200 

ccw 75 4,000 .200 

AM Pl 75 3,200 .160 

* Max. pulsed cathode current 7 amps., 
Max. pulse duration 5 microseconds. 

** Does not include water couplings. 

60 

20,000 

20,000 

150 

150 

150 

150 

100 

150 

150 

500 

500 

500 

125 

125 

85 

20,000 1,250 - 800 15 . . . . . . ... 

5,500 1,200 -240 7.1 ... . .. 20, I 00* 

7,000 1,200 -400 3.4 ... 830 13,000 • 

1,250 300 -44 . 180/ .475 5,600 0.075 425 
1,250 300 -70 .305 ... . . . 250* 
1,250 250 -90 .200 ... 1.2 195 
1,250 280 -115 .200 ... 30 140• 

1,000 250 -105 .200 ... I .I 145 

1,250 250 - 60 .200 ... 9 100 • 

7,000 1,000 -250 6.0 ... . .. 20,000 + 

4,000 500 - 250 .315 .. . 13 980 • 

2,400 500 -100 .400 3,000 25 600 • 

4,000 500 - 250 .315 ... 13 980 • 

2,500 500 -85 .065/.250 20,000 .2 400 

3,000 500 -200 .I 67 .. ' 2 375 

2,500 500 -200 .152 . .. 2 295 

• Typical operation at maximum frequency for full rating. 

t Bombardment heated cathode , requires 1600v DC at 1.9 amps. 

* Pea~ synchronizi ng leve l. 
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RECTIFIERS · VACUUM CAPACITORS 4 

TRIODES· KLYSTRONS 3 

TRIODES 2 

TETRODES • PENTODES 1 

-TETRODE$ MAXIMUM 
TRANSCON- CLASS 

Max. MAX.PLATE RATINGS TYPICAL OPERATING CONDITIONS 
DIMENSIONS FILAMENT Frequenq 

DC DC DC DC Plate Driving Power DUCTANC E OF Full Oissi-
Length Diameter 

SERVI CE 
Rating DC DC pation Plat e Screen G rid Plate Loa d Power O utp ut 

TYPE DESCRIPTION Inches Inches Volts Am ps J-Lmhos Mc. Volts Amps. Watts Volts Volts Volts Amps O hms Wa tts W at ts 

4-65A 65-watt p late d issi pa- B Aud ... 3,000 .150 65 1,800 250 - 35 .050/.220 20,000 I .I 270 
t ion, radiation cooled , gen e ra l 4.38 2.38 6.0 3.5 4,000 ccw 150 3,000 .150 65 3,000 250 - 90 . 115 ... 1.7 280 
purpose radial-beam power 

tetrode. See Note I. AM Pl 150 2 ,500 .120 45 2,500 250 - 150 . I 08 ' .. 1.9 225 

4-125A 125-watt plate d issi- B Aud .. . 3,000 .225 125 2,500 350 - 43 . 093/.260 22 ,200 2.4 400 

pation, rad iation cooled , g e n- 5.69 2.87 5.0 6.5 2,450 ccw 120 3,000 .225 125 3,000 350 - 150 . 167 ... 2.5 375 
eral purpo se rad ial-beam po w-

er t etrode. See Note I. AM Pl 120 2,500 .200 85 2 ,500 350 - 210 . 152 ... 3.3 300 

4-250A 250-watt plate di ssi- B Aud ... 4,000 .350 250 3,000 300 - 53 . 125/ .473 16,000 1.9 1,040 
pation , rad iation and fo rced -

ccw air cooled, ge neral purpose 6.38 3.56 5.0 14.5 4,000 110 4,000 .350 250 4,000 500 - 225 .312 . . . 2.5 1,000 
radial-be am power t etrod e. 

AM Pl 3,000 3.5 585 See Note I . 110 3,200 .275 165 400 - 310 .250 . .. 

4-400A 400-watt plate dissi- B Aud ... 4 ,000 .350 400 4 ,000 500 - 90 .120/.638 14,000 3.5 1,750 
pation, radiation and forced- ccw 110 4,000 .350 400 4 ,000 500 - 220 .350 '. ' 6 1,100 
air cooled , general purpose 6.38 3.56 5.0 14.5 4,000 

400 4,000 400 .270 10 720 • radial-bea m tetrode. ccw 110 4.000 .350 - 170 ... 
power 

Se e Note I. AM Pl 110 3,200 .275 270 3,000 400 -3 10 .275 . .. 4 640 

4-l00OA I 000 • watt pl a te B Aud ... 6,000 .700 1,000 6 ,000 500 - 75 . 150/.950 15,000 4.7 3,900 
diss i pation, radiat io n and ccw 110 6,000 .700 1,000 6 ,000 500 - 200 .700 ... 15 3,400 
forced -air coole d, general pur- 9.63 5.25 7.5 21.0 10,000 ccw 110 6,000 .700 1,000 6 ,000 500 - 180 .625 200 2,600 + ... 
pose radial-beam power l e t -

AM Pl 30 5,500 .600 670 5,500 500 - 200 .600 9 2 ,630 rode. See Note I. 
. . .. 

( ' L l 



6C21 High-vacuum, radiation 
cooled , pulse modulator tri• 
ode. Thoriated tungsten file- 12.63 5.13 8.2 16.8 
ment, non-emitting grid, pyro-
vac plate 

25T 25-watt plate dissipation, 
radiation cooled, general pur• 

4 .38 1.44 6.3 3.0 pose triode . Thoriated tungsten 
filament, non • emitting grid , 
pyrovac plate. 

35T SO-watt plate dissipation, 

35TG radiation cooled, general 
purpoH triode. Thoriated tung• 5.5 I.SI 5.0 4.0 

sten filament, non-emitting grid , 
pyrovac plate. 

75TH 75-watt plate dissipa-

75TL t ion, radiation cooled, 
general purpose triode. Thori-

7.25 2.81 5.0 6.25 H 
ated tungsten filament, non• L emittin9 grid, pyrovac plate. 
H ver1ion high-mu, L version 
low-mu . 

100TH I 00-watt plate dissipa-
l00TL • ion , radiation cooled, 
general purpose triode. Thori- H 
ated tungsten filament, non- 7.75 3.19 5.0 6.3 L emitting grid , pyrovac plate. 
H version high-mu, L version 
low-mu. 

SH page 5 lo, explanation of class of Hrvice symbols. 

Note 2 : Thoriated tungsten f ilament, non-emitting grid, edernal anode. 

A Concentric VHF t e rminals. F Flexi ble lead t erminals. 

Pulse 5,800 
Mod .. . . 30,000 15 300 27,000 - 1500 

B Aud . ... 2,000 .075 25 1,250 -42 

2,500 ccw 60 2,000 .075 25 2,000 -130 

AM Pl 60 1,600 .060 17 1,600 -170 

B Aud . .. . 2,000 .150 so 2,000 -40 

2,850 ccw 100 2,000 . 150 50 2,000 - 135 
AM Pl 100 1,600 . 120 33 1,500 - 150 

B Aud 3,000 .225 75 2,000 H -90 . . .. L -190 
4,150 ccw 40 3,000 .225 75 2,000 H - 200 
3,350 L - 300 

AM Pl 40 2,400 .180 50 2,000 H - 300 
L - 500 

B Aud 2,500 
H - 50 . . . . 3,000 .225 100 L -145 

4,500 : H -200 ccw 40 3,000 .225 100 3,000 3,000 L -400 

AM Pl 40 2,500 . 180 65 2,500 H -250 
L -500 

• Typical operation, grounded grid at full rating . 

fBombardment heat ed cathode, requires 1600v. DC at 1.9 amps. 

3100 15 1,600 . . . .. . 

135 .024/. 130 21,400 3.4 112 

. '. .063 ''' 4 100 

'.' .053 .. ' 3. 1 68 

130 .034/. 167 27,500 4 235 

. .. .125 .. ' 13 200 

' . . .090 . . . 11 105 

175 .050/ .225 19,300 3 300 
300 .050/.250 18,000 5 350 
. .. . '' 10 225 . . , 50 8 ' ' . 

. . . 

. . . 
155 
290 
. .. 
. . . 
. ' . 
. . . 

'.' 

. 110 ... 6 170 

. 130 ... 14 210 

.060/ .280 22,000 7.5 
425 .048/ .250 10 

18 .165 400 . . . 20 

. 140 17 285 . ' . 23 

..Does not include water couplings. 

JCathode Current 
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RECTIFIERS· VACUUM CAPACITORS 4 

TRIODES· KLYSTRONS 3 

TRIODES 2 

MAXIMUM TRANSCON CLASS Max. MAX.PLATE RATINGS TYPICAL OPERATING CONDITIONS 
DIMENSIONS FILAMENT 

DUCTANCE OF Frequency DC DC PtokA.F. DC Plate Driving Pow•r 
TYPE DESCRIPTION loogth Diameter Full Rating DC DC Dissipation Plate Grid 

6
'~!:;:ut Plate Load Power Output 

Inches Inches Volts Amps. 1-'-mhos SERVICE Mc. Volts Amps Watts Volts Volts Po,Tubo Amps. Ohms Watts Watts 

2C39A Forced• air cooled, . 
planar UHF triode. Oxide ccw 2,500 1,000 . I 25t 100 800 -20 .080 6 27 coated cathode, external anode. . . . ... 
Operates as power amplifier, 2.75 1.26 6.3 1.0 22,000 
multiplier, and oscillator to AM Pl 2,500 600 .1 oot 70 600 -16 . . . .075 . .. 6 18 2500 Mc. 

B Aud 6,000 2.5 5,000 6,000 -240 390 .4/ 3.0 4 ,650 115 13,000 3WS000A3 s . Kw. water 
A 75 3WS000F3 cooled, general 8.0** 3.0 7.5 51.0 20,000 C CW F 30 6,000 2.5 5,000 6,000 -500 208 . . . ... 136 10,000 

purpose, high transconduct-
A ance triode. See Note 2. AM Pl 75 5,000 2.0 3,350 5,000 -550 1.45 76 5,580 F 30 

... . .. 

3W1 O000A3 I 0-Kw., water-
cooled, high transconductance 
triode. Unipotential thoriated 

13.0** 5.0 I O.Ot 30.0 55,000 B TV 220 5,000 10 10,000 3,250 -190 . .. 4.25 560 400 5,500• tungsten cathode, non-emitting 
grid, external anode. Concen• 
tric VHF terminals. 

B Aud ... 6,000 2.5 2,500 6,000 -240 390 .4/ 3.0 4,650 113 13,000 
3X2500A3 2.5-Kw, forced- C CW A 40 6,000 2.5 2,500 b,000 -500 2.08 ... 136 10,000 F 30 

. . . 3X2500F3 air cooled, gen- 9.0 4.16 7.5 51.0 20,000 
eral purpose, high transcon- ccw A 110 4,000 2.0 2,500 4,000 -500 . . . 1.85 . . . 1,900 1,soo+ 
ductance triode. See Note 2. AM Pl A 40 5,000 2.0 1,670 5,000 - 550 1.45 ... 76 5,580 F 30 

. . . 

3X3000A 1 l. Kw., forced-
3X3000F1 air cooled, low-
mu power triode, intended 9.0 4.16 7.5 51.0 
for use as an audio amplifier 

11,000 B Aud . . . 6,000 2.5 3,000 6,000 - 1300 1250 .335/ 2.65 4 ,560 ... 16,000 

or modulator. See Note 2. 

L l, 



750TL 750-w•tt pl•t• diuipe- B Aud .... 10,000 1.0 750 6,000 -390 650 .166/ .834 16,300 46 3,500 
• ion, r•di•tion cool•d, generel 

17.0 7. 13 7.5 21 .0 3,500 ccw 40 10,000 1.0 750 6 ,000 -700 .625 125 3,000 purpoH triode. Thoriet•d tung• . . . . ' . 
sten filement, non-emitting grid , 

AM Pl 40 8,000 .8 500 6,000 -950 .415 75 2,000 pyrovac plete. . . . . .. 
1000T 1000-wett plate dissi- B Aud .. .. 7,500 .750 1,000 6,000 -160 335 .220/ 1.05 13,300 60 4,600 
p•tion, rediation •nd forc•d-
eir cooled , generel purpose 12.3 5.13 7.5 15.5 9,050 ccw 50 7,500 .750 1,000 6,000 -350 ... .667 . ' . 60 3,000 
triod•. Thoriated tungsten fila-
men•, non-emitting grid, pyro- AM Pl 50 6,000 .600 665 
v•c plete. 

6,000 - 500 . . . .600 . ' . 75 2,935 

1 S0OT I 500-watt plete diui- B Aud .... 8,000 1.25 1,500 6,000 -190 570 .330/1 .65 8,200 115 7,000 
petion, rediation and forc•d-
air cooled, general purpose 17.0 7.13 7.5 24.0 10,000 ccw 40 8,000 1.25 1,500 7,000 -500 . . . .860 .. . 85 4,500 
triode. Thorieted tung.ten file-
men• , non-emitting grid, pyro- AM Pl 40 6,000 1.00 1,000 6,000 - 750 .835 120 4,000 
vac plete. 

. .. . .. 

2000T 2000-watt plete dissi- B Aud .. .. 8,000 1.75 2,000 7,000 -280 600 .300/ 1.80 9 ,200 175 8,600 
pation , radiation end forc•d-
air cooled, gener•I purpose 17.75 8. 13 
triod•. Thorieted tungsten fi la-

10.0 23.5 11 ,000 ccw 40 8,000 1.75 2,000 7,000 -600 . . . 1.15 ... 115 6,000 

men•, non-emitting grid, pyro- AM Pl 40 6,000 1.40 1,350 
vac plate. 

6 ,000 -800 . . . 1.13 ... 225 5,400 

-KLYSTRONS MAXIMUM MAXIMUM RATINGS TYPICAL O PERATING C O NDITIO NS 

DIMENSIONS FILAMENT 
FREQ UENCY C ollector 

C LASS Bea m D,iving Powe r Bea m RANG E Dissipation 
OF DC DC Powe r Out put DC DC 

TYPE DESCRIPTION Length Diameter Volts Amps Mc. Volts Amps Watts 
SERVICE Volts Amps Watts Wath Inches Inches 

3K20000LA 3 gap 20-KW. Collector diuipation, water and A A 100 
5,ooo* 3K20000LF forced-air cooled Klystrons for use in UHF TV 50.5 5.69 470-580 B TV 13,000 1.5 appr ox. 

band. Use of external cavit ies p rovides coverage of 
3K20000LK entire band with three tube types. F F 

44.0 5.69 9 .0t 42.0 580-720 13 ,500 1.7 20,000 
fCathode bombardment power, 1600 watts (2100 Vdc, 0.75A) ccw I 0,000 1.0 

10 2,500 
K K approx. 

* Peak synchronizing level. 36.75 5.69 720-890 
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RECTIFIERS· VACUUM CAPACITORS 

TRIODES · KLYSTRONS 

TRIODES 
MAXIMUM 

TRANSCON-DIMENSIONS FILAMENT 
DUCTANCE 

TYPE DESCRIPTION Len9th Di•meter 
lnchH lnchH Volts Amps. µmhos 

152TH I SO-watt plete dissipa-
152TL tion, radiation cooled, 
general purpose triode. Thori- 5 12.5 

H 8,300 7.63 2.56 ated tungsten filament, non- or or 
L 7, 150 

emitting grid , pyrovac plate. 10 6.25 
H version high-mu, L version 
low-mu. 

250TH 250-watt plate dissipa-
250TL tion, radiation cooled, 
general purpose triode. Thori-

10. 13 3.81 5.0 10.5 H 5,600 
ated tungsten filament, non- L 2,650 
emitting grid, pyrovac plate. 
H version high-mu, L version 
low-mu. 

304TH 300-watt pie+• diuipa-
304TL tion, radiation cooled, 
general purpose triode. Thori- 5 25 
ated tung.ten filament, non- 7.63 3.56 or or 16,700 
emitting grid, pyrovac plate. 10 12.5 
H version high-mu, L version 
low-mu. 

450TH '450-watt plete dinipa-
450TL tion, radiation cooled, 
general purpose triode. Thori-

12.63 5.13 7.5 12.0 H 6,650 
atad tung.ten filament, non- L 5,000 
emitting grid, pyrovac plate. 
H version high-mu, L version 
low-mu. 

592/3-200A3 200-watt plate 
dissipation, radiation cooled, 6.0 3.41 10.0 5.0 3,600 genera I purpose triode. Thori-
ated tungsten f ilament, non-
emitting grid, pyrovac plate. 

~ 

CLASS Max. MAX.PLATE RATINGS 
OF Frequency 

Full Rating DC DC Din ipetion 
SERVICE Mc. Volts Amps Watts 

B Aud .. .. 3,000 .450 ISO 

ccw 40 3,000 .450 ISO 

AM Pl 40 2,500 .350 100 

B Aud .... 4,000 .350 250 

ccw 40 4,000 .350 250 

AM Pl 40 3,000 .280 165 

B Aud ... . 3,000 .900 300 

ccw 40 3,000 .900 300 

AM Pl 40 2,500 .700 200 

B Aud . ... 6,000 .600 450 

ccw 40 6,000 .600 450 

AM Pl 40 4,500 .500 300 

B Aud . ... 3,500 .250 200 

ccw ISO 3,500 .250 200 

AM Pl ISO 2,600 .200 130 

[l 

TYPICAL OPERATING CONDITIONS 
DC DC PHk A.F. DC Plate Driving 

Plete Grid 
6

'~: :;,""
1 Plata Load Power 

Volts Volts Porlubo Amps. Ohms Watts 

3,000 
H -ISO 430 .067 / .335 20,300 

3 L -260 675 . I 00/ .500 20 400 
H -300 27 3,000 .. . .250 L Jnn .. . 20 

2,000 H -300 .. . .250 30 
L -550 ... 25 . .. 

3,000 H -65 260 . 100/.560 12,250 42 
L -170 400 .1 00/ .500 13 000 16 

4,000 H -220 . .. .313 39 
L - !inn . . . 33 
H -200 14 3,000 . .. .200 L - 520 ... II . .. 

3,000 H -ISO 210 ., 34/.667 10,200 6 
L -290 390 . 130/.800 9 100 55 
H -300 ... 53 3,000 L 400 .500 .. . ..tn . 

2,500 
H -400 .. . .450 so 
L -550 . .. 40 . .. 

5,000 H -115 267 .120/ .620 18,600 10 
L - 240 ,no 18 500 28 

5,000 H -300 . .. .450 ... 46 
L -500 42 . .. . . . 

4,500 H -400 . . . .345 
. .. 35 

L -550 . .. . .. 3 I 

3,000 - 90 270 .080/ .400 18,000 20 

3,500 - 270 ... .228 .. . 15 

2,500 -300 . . . .200 . .. 19 

L 

Power 
Output 
Wetts 

700 

600 

400 

I , 180 
I 000 

1,000 

435 

1,400 
I 800 

1,200 

926 

2,200 

1,800 

1,250 

820 

600 

375 

4 

3 



VACUUM CAPACITORS 
FIXED TYPE 

VARIABLE TYPE 

Eimae vacuum capacitors are 
small, vacuum-dielectric unih 
intended principally for use as 
all or part of the plate tank 
capacitance. They are also fre
quently used as high-voltage 
coupling and by-pass capaci
tors at high frequencies and 
as high-voltage neutralizing ca
pacitors. Overall length 6¾ ", 
diameter 2¼", 

Eimac variable vacuum capa
citors are intended principally 
for use ,u plate tank capacitors 
in radio frequency amplifiers 
and oscillators. The capacitance 
variation is linear with respect 
to shaft rotation and return to 
previously indexed settings is 
positive. The low-torque tuning 
mechanism is designed with 
adequate bearing surfaces to 
provide long life. 

TYPE .. 
Capacitance 

11-u fd 

Max. Peak 
volts 

Max. RMS 
amps. 

.. TYPE 

VVC60-20 

VVC2-60-20 

VVC4-60-20 

VC6-20 VC6-32 

6 6 

20,000 32,000 

28 28 

MAX. DIMENSIONS 
Length Height Width 

5.69 . . . 3.06 

6.28 3.13 8.13 

6.28 7.81 7.81 

VC12-20 VC12-32 VC25-20 VC25-32 VCS0-20 VCS0-32 

12 12 25 25 50 50 

20,000 32,000 20,000 32,000 20,000 32,000 

28 28 28 28 28 28 

CAPACITANCE Max. Peak RF Volta9e Max. RMS Current 
µ.µ fd Volts Amps 

10-60 20,000 40 

Parallel Split Stator Parallel Split Stator Parallel Split Sta1or 

20-120 5-30 20,000 40,000 80 40 

40-240 I 0-60 20,000 40,000 160 80 
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HIGH VACUUM RECTIFIERS 

TYPE 

2-OIC 

2-25A 

2-so,A 

2-1 SOD 

2-240A 

2-2000A 

250R 

253 

8020/l00R 

DESCRIPTION 

Gen,.ral purpose UHF instrument diode. Accurate to 700 Mc. 5-volt oxide 
coated cathode. Resonant frequency 2800 Mc. Suited to probe mounting . 

High vacuum rectifier. High voltage, medium current. Instant heating , 
thoriated tungsten f ilament. Radiation cooled pyrovac p late. 

High vacuum rectifier. High voltage, medium current. Instant heating , 
thoriated tungsten filament . Radiation cooled pyrovac plate. 

High vacuum rectifier. High voltag e medium current. Instant heating , 
thoriated tungsten filament. Radiation cooled pyrovac plate. 

High vacuum rectifier . High voltage. high current. Instant heating , thoriated 
tung sten filament. Radiation cooled pyrovac plate. 

High vacuum rectifier. High voltage, high current. lnstdnt heating, thoriated 
tungsten filament. Radiation cooled pyrovac plate. 

High vacuum rectifier. High voltage, medium current. Instant heating , 
thoriated tungsten filament. Radiation cooled pyrovac pldte. 

H igh vacuum rectifier. High current. Instant heating . thoriated tungsten 
filament. Radiation cooled pyrovac plate. 

High vacuum rectifier. High voltage, medium current. Instant heating. 
thoriated tungsten filament. Radiation cooled pyrovac plate. 

MERCURY VAPOR TYPES 

KY21A Grid -controlled . mercury vapor rectifier. 2 .5-volt, oxide coated filame nt. 
750-Ma. average plate current . 

RX21A Mercury vapor rectifier. 2.5-volt, oxide coated filament . 
750-Ma. average plate current. 

Mercury vapor rectifier. 2.5 volt, oxide coated filament. 
866A 250-Ma. average plate current. 

872A Mercury vapor rectifier. 5.0-volt, oxide coated filament . 
1.25 amperes average plate current. 

~ 
.. ~-

MAXIMUM 
DIMENSIONS 

length 
Inches 

1.81 

4.38 

5.50 

8.88 

11.2 

17.8 

I 0.13 

8. 75 

8 

7.69 

7.63 

6.5 

8.5 

Diameter 
lnchH 

.563 

1.44 

1.82 

2.50 

3.82 

8.13 

3.82 

2.50 

2.32 

2.25 

2.25 

2.5 

2.31 

AVERAGE PLATE PEAK INVERSE 

PLATE CUR. DISSIPATION VOLTAGE 

Ma. 

50 

75 

250 

500 

750 

250 

350 

100 

750 

750 

250 
500 

1,250 

Watts 

0.1 

15 

30 

90 

150 

1,200 

150 

100 

60 

Peak Plate 
Amps. 

3 

3 

I 
2 

5 

Volts 

1,000 

25,000 

30,000 

30,000 

40,000 

75,000 

60,000 

I 5,000 

40,000 

11 ,000 

11,000 

10,000 
2,000 

10,000 

FILAMENT 
Voltt Amps. 

5.3 0.4 

6.3 3.0 

5.0 4.0 

5.0 13.0 

7.5 12.0 

10.0 25.0 

5.0 10.5 

5.0 10.0 

5.0 6.5 

2.5 10.0 

2.5 10.0 

2.5 5.0 

5.0 7.5 
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Al R-SYSTEM SOCKETS 
4-400A 

This socket is designed to simp

lify cooling of the 4-400A Eimac 

tetrode. Its use insures distribution 

of the correct amount of cooling 

air to the various seals of the 

tube with the most economical 

blower size. 

COMPLETE DATA 
ON PRODUCTS LISTED IN THIS 
CATALOGUE ARE AVAILABLE ...• 

A complete technical data sheet for a 
specific tube type will be sent upon request. 
Such data sheets are also included in the 
package with each tube. The sheet contains 
application information in addition to elec
trical and mechanical data. 

If you wish help in selecting the proper tube 
type or proper operating conditions for an 
application, please write for advice to: 

Application Engineering Dept. 

EITEL-McCULLOUGH, INC. 
S A N B R U N 0, C A L I F O R N I A 

4-l000A 
This socket is specifically designed 
for use with the Eimac 4-1 0OOA 
tetrode. Its function with this tube 

is the same as the 4-400A socket. 
Theso sockets are supplied with all 

the necessary mounting screws, 
ground clips, and a pyrex glass 

chimney for cooling the plate seal 
area. 

4X150A 

This socket is designed for use 
with the Eimac 4XI 50A power 
tetrode. In addition to insuring 
adequate cooling, it makes poss
ible improved circuit arrangements 
in high frequency applications. It 
emplo~s a built-in screen to cath
ode bypass capacitor. Its compact 
construction reduces lead induct
ance to a minimum. 

HR HEAT DISSIPATING CONNECTORS 
HR Heat Dissipating Connectors are machined from solid dural rod , 

and are supplied with the necessary machine screws. The table 

below lists the proper connectors for use with e<1ch Eimac tube type. 

TUBE 

2,25A 
2-SOA 
2-1500 
2-240A 
2-2000A 
3C24 

4-65A 
4-12SA 
4-2S0A 
4-400A 
4-IOOOA 
4E27A / 5-12SB 
4PR60A 
6C21 
KY21A 
RX21A 
25T 
35T 
3STG 
UHS0 

Plate Grid I TUBE 
Connector Connector 

HR-I 
HR-3 
HR-6 
HR-6 
HR-B 
HR-I 

HR-6 
HR-6 
HR-6 
HR-6 
HR-8 
HR-5 
HR-8 
HR-B 
HR-3 
HR-3 
HR-I 
HR-3 
HR-3 
HR-2 

HR-I 

HR-8 

HR-3 
HR-2 

75TH-TL 

IOOTH-TL 
VTl27A 
152TH-TL 
2S0TH-TL 

250R 
m 
304TH-TL 
327A 
4S0TH-TL 
592 / 3-200A3 

750TL 
866A 
872A 

I0OOT 
ISOOT 
2000T 
8020( I00R) 

Plate Grid 
Connector Connector 

HR-3 
HR-6 
HR-3 
HR-5 
HR-6 

HR-6 
HR-8 
HR-7 
HR-4 
HR-8 
HR-10 

HR~ 
HM 
HM 

HR~ 
HR~ 
HM 
HM 

HR-2 

HR-2 
HR-3 
HR-6 
HR-3 

HR-6 
HR-3 
HR-8 
HR-5 

HU 

HR-9 
HR-8 
HR-8 

TYPE Length Dia. 
Hole 
Dia. 

HR-I I I/ 16" 1/2" .052" 

HR-2 I I/ 16" I /2" .062" 

HR-3 11/16" I /2" .070" 

HR-4 7/8" 3 I 4" . I 02" 

HR-5 7/8" 3 /4" .125" 

HR-6 7/ 8" 3 / 4" .359" 

HR-7 1-11 /32" I -3 / 8" .125" 

HR-8 1-11 /32" I -3/8" .570" 

HR-9 4-11 /32" 1-3/8" .570" 

HR-10 1-11 / 32" I -3/8" .51 0" 
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VACUUM PUMP 

A glass barrel, triple-jet, air-cooled vacuum pump of the oil
diffusion type. Ultimate vacuum of 4xl0"' mm of mercury. Speed 
without baffle approximately 67 liters per second. Simple to 
operate, requires no liquid cooling, cold trap, or charcoal trap. 
Can be disassembled with wrenches. Heater voltage 110 volts. 
Current 1.7 amperes. Overall length below high-vac manifold 
I t,lfi ". Shipping weight 18 pounds. Complete assembly includes 
flanges and nipples for connecting to high-vacuum manifold and 
forepump system, together with necessary gaskets and complete 
operating instructions. 

IONIZATION GAUGE 

100 IG 

Essentially a triode vacuum tube with a pure tungsten filament 

and molybdenum electrodes for measuring pressures from 10·, 

to less than Io·• mm of mercury, constructed of "hard" glass for 

sealing directly to nonex glass vacuum systems. 

VACUUM SWITCH 

A single pole, double throw switch 

with contacts in high vacuum for 

high voltage switching. Contact 

spacing .015". Switch will handle 

r -f potentials as high as 20 Kv. In 

DC switching will handle approxi

mately 1.5 amps. at 5 Kv, 

EIMAC TUBES FOR PULSE SERVICES 

EXPLANATION OF CLASS OF SERVICE SYMBOLS 

B Aud Class-AB or -8 Audio Frequency Power Amplifier 
or Modulator. (Typical operations shown 
are for two tubes,) 

B TY Class-8 Linear Radio Frequency Power Amplifier. 
Visual Television Service. 

C CW Class-C Radio Frequency Power Amplifier and 
Oscillator. Continuous Wave, Such as for 
Telegraphy and Frequency Modulated Service. 

AM Pl Amplitude Modulated Radio Frequency Power 
Amplifier. Plate Modulated or High Level 
Modulated ( Plate and Screen Voltages Modulated). 

Pulse 
Plate 

Pulsed Radio Frequency Power Amplifier. Plate and 
r-f Excitation Voltages Pulsed. 

Pulse Pulse Power Amplifier, Modulator, or Keyer Service. 
Mod 

CONTACT FINGER STOCK 
Eimac pre-formed contact finger stock is especially suitable 
for making connections to coaxially constructed tubes and 
those of external-anode design. The heat-treated copper alloy 
material is silver plated for low r-f losses. It may be bent on 
a one-half inch radius without breaking. 

Contact finger stock may be obtained without heat 
treatment or silver plating upon request. 

WIDTH MATERIAL FINGER 
• TYPE THICKNESS DEFLECTION Inches Inches Inches 

17/32" 17/ 32 .008 1/ 32 

31/32" 31 / 32 .010 3/ 32 

1-7/ 16" 1-7 / 16 .010 1/ 8 

Eimac tubes, with their "clean" internal construction, ample filament emission reserve, and hard-vacuum, make exceptionally fine pulse modulators, ampli
fiers, or oscillators. Peak voltages and currents considerably in excess of the published data for continuous operation can be used in pulse work. 

Data for specific pulse applications, or our Application Bulletin No. 3 titled "Pulse Service Notes", will be supplied upon request. Our engineering services 
are also available. Please don't hesitate to call on us; we are anxious to work with you. 

l.' C~ 
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