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INFORMATION

AS IT APPEARS
IN THIS CATALOG

IMPORTANT
EIMAC “"EXTRAS”

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

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

Field Engineers

Dealers

Price List

Tube Type Numbering System
Application Bulletin No. 5

4-65A Radial-Beam Power Tetrode
4-125A Radial-Beam Power Tetrode
4-250A Radial-Beam Power Tetrode
4-400A Radial-Beam Power Tetrode
4.1000A Radial-Beam Power Tetrode
4W29,000A Radial-Beam Power Tetrode
4X150A Radial-Beam Power Tetrode
4X150G Radial-Beam Power Tetrode
4X500A Radial-Beam Power Tetrode
4E27A/5-125B Radial-Beam Power Pentode
2C39A Power Triode

3X2500A3 Power Triode

3X2500F3 Power Triode

3X3000A1 Power Triode
3K20,000LK Power Klystron

866A Mercury Vapor Rectifier

872A Mercury Vapor Rectifier
Vecuum Capacitors

Veriable Yacuum Capacitors

Finger Stock

HR Connectors

Application Bulletin No. 8

Quick Reference Catalog






Eimac

EITEL-McCULLOUGH, INC Field
‘ SAN BRUNO, CALIFORNIA Englneers

Serving eight territories throughout the United States are top qualified men well
equipped for electronic factory-field liaison. A phone call or letter to the Eimac
field engineer covering your area will bring immediate engineering assistance or
information on deliveries and prices. These men are in daily communication with
the Eimac factories and have up-to-the-minute information available at their

finger tips.
»HERB BECKER » J. E. JOYNER, JR.
1140 Crenshaw Blvd. 1706 South Gordon St., S. W.
Los Angeles 19, California P. 0. Box 341, Station A
Phone: Webster 1-1257 Atlanta, Georgia

Phone: Amhurst 1101
»DAVE M. LEE CO.

2517 Second Ave. » ROYAL J. HIGGINS CO.
Seattle 1, Washington 10105 South Western Ave.
Phone: Main 5512 Chicago 43, lllinois
Phone: Cedarcrest 3-7388
' W. CLIF McLOUD & CO.
5528 East Colfax Ave. » ADOLPH SCHWARTZ
Denver 7, Colorado One Exchange Place, Room 919
Phone: Fremont 3067 Jersey City, New Jersey

Phone: Delaware 3-2424, 3-2425
CLYDE H. SCHRYVER SALES CO.

4550 Main St., Room 224 TIM COAKLEY SALES OFFICE
Kansas City 5, Missouri 11 Beacon St.
Phone: Westport 4660 Boston 8, Massachusetts

Phone: Capitol 7-0050

Export Agents

FRAZAR & HANSEN, LTD.
301 Clay St.

San Francisco, California

Phone: Exbrook 2-5112

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

‘ SEE REVERSE SIDE FOR SECTIONAL MAP

Effective 65 5 ) )
> Indicates change trom sheet dated 12-1-50 Printed in U.S.A 2-70638



DAVE M. LEE CO.
2517 Second Ave.
Seottle 1, Woshington
Phone: Moin 5512

Vs

ADOLPH SCHW,

ROYAL J. HIGGINS CO.

10105 South Western Ave,
Chicago 43, llinois
Phone: Cedarcrest -3-2.

W. CLIF McLOUD & CO.

5528 East Colfox Ave. |
Denver 7, Colorado i -
Phone: Fremont 3067

CLYDE H. SCHRYVER SALES €O.
4550 Moin St., Room 224 \
Kansas City 5, Missouri

Phone: Westport 4660

{/'—' / .. —
J. E. JOYNER, JR—

1706 South Gordon Sk, S. W.
P. O. Box 341, Stotion
Atlénta, Georgia
Phone: Amhurst 1101

HERB BECKER
1140 Crenshow Bivd.
Los Angelesl 19, Colifornia
Phone: Webster 1-1257

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

World Radio Histol

One Exchong\e i
Jersey City, New Jersey

TIM COAKLEY

SALES qﬁrrlcs
1 Beocon St.
ston é.‘Mossochusetts

3-2424, 3-2425
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AN EIMAC DEALER IS NEAR Y0U

For Your Assurance to Obtaim the Most Modern, Guaranteed Eimac Tubes — Purchase Only from These Authenized Distributors

ALASKA
Anchorage

Alosko Rodio Supply, Inc.
Box 2279

Yukon Rodio Supply, Inc.
Box 406

Fairbanks

Yukon Radro Supply, Inc.
655 - 6th Ave.
P.O Box 1385

Juneau
Alosko Radra Supply Inc
Box 2538
ALABAMA
Birmingham
Ack Rodio Supply Co
2205 - 3rd Ave. North

Jomes W. Clory Co
1713 2nd Ave. South

Forbes Distributing Co., Inc
2600 - 3rd Ave. South

Mobile
Horris Supply Co.
10 North Woter St.
P. O. Box 1009
Montgomery

Nolin-Mclnnis Inc.
205 Commerce St.
P.O Box 2229

Southeostern Radio Ports Co.
210 North Cour® St
ARIZONA
Phoenix

Rodio Ports of Anzono
214 South 11th Ave.

Rodio Speciolties & Applionce Corp.
305 E Roosevelt

Western Radio & Engineering Co
1915 Eost Woshingtan St
Tucson
Elliott Electronics, Inc.
418 North 4th Ave,
P. O. Box 5081
ARKANSAS
Blytheville

Blytheville Radio Supply
112 South First St.

Ft. Smith

Wise Rodio Supply
1001 Towson Ave.

Little Rock

Corlton Wholesole Rodio, Inc.
109 West vth St.
P. O Box 828

Southern Radio Supply
1419 Moin St.

Dovid White Rodio Supply Co.
1222 Moin St.

Texarcana

Lovender Radio Supply Co., inc
520 Eost 4th

CALIFORNIA
Bakersfield
Volley Radio Supply
716 Boker St.
Burbank

Fred S. Deon Co.
NG North Victory Blvd.

Volley Electronic Supply Co.

1302 W. Mognolio Blvd.
Fresno

Jock C. Arbuckle

2330 Kern Ave.
Glendale

Hogerty Radio Supply

6826 Son Fernondo Rood
Los Angeles

Federated Purchaser, Inc.

911 South Grane Ave

Henry Rodio

11240 West Olympic

Kieruiff Electromics, inc.

820 West Olympic Bivd

Rodio Products Sales, Inc.
1501 South Hill St.

Rodio Speciolties Co.
1956 So. Figueroa St.

Rodio Television Supply Co
341 West 18th St.

Shelley Rodio Co.
2008 Westwood Blvd
Long Beach

Fred S Deon Co.
969 Americon Ave

Lorry Lynde Electronics
1526 Eost 4th St.

Scatt Rodio Supply, Inc.

266 Alomitos Ave.
Maywood

Krerulff & Company

6058 Wolker Ave
Oakland

W. D Bnill Co.
198 10th St.

Electric Supply Co
140 11th St

Palo Alto
Zock Radia Supply Co
225 Homilton Ave
Pasadena

Dow Rodio Supply Co.
1759 E. Colorodo St

Electronic Supply Corp.
2615 Eost Foothili Blvd.
Sacramento

E. M. Kemp Co.
M5 R S

Sacromento Electric Supply Co.
1219 'S St
San Bernardino
Kierulff & Compony
1123 W. Bose Line ot L St.
San Diego
Electronic Equipment Distributors
1228 - 2nd Ave

Shonks & Wright
2045 Kettner St.

Western Radio & Television Supply Co.

1415 indio St.

San Francisco

Son Froncisco Radio Supply Co.
1284 Morket St

Zock Rodio & Television
1426 Market St.
San Jose
Fronk Quement, Inc.
161 W. Son Fernonda St.
Santa Ana
Rodio & Television Equipment Co.
207 Ook St.
Santa Barbara
Chonnel Rodio Supply Co.
523 Anocopa St.
Stockton

B. J. DeJornott Wholesole Co.
515N Hunter St.

COLORADO

Colorado Springs
Murray Rodio Co.
9 East Vermijo
Denver

inter-State Rodio & Supply Co.
1639 Tremont Ploce

Rodio Products Sales Co.
1237 - 16th St.

L. B. Wolker Rodio Co.
854 Broadwoy
Grand Junction

Radio & Electronic Supply Co.
511 Ute

Pueblo

L. B. Wolker Rodio Co.
218 W. 8th St

EIMAC TUBES ARE THE COUNTERSIGN OF DEPENDAB

CONNECTICUT
Bridgeport
Hotry of Bridgeport,
1700 Moin St.

Hartford

Hotry of Hortford, inc
203 Ann St

R. G. Sceli Co.
1249 Mawn St.
New Britain
United Rodio Supply Co.
47-53 East Moin St.
New Haven

Thomos H. 8rown Co.
15.25 Whiting St.

Congress Rodio Co
207 Congress Ave.

Dole-Connecthicut Inc
140 Ferry St.

Hotry of New Hoven, inc.
77 Broodwoy

New London
Adlans Electromic Supply Co
428 Bonk St

Stamford .
Hotry of Stomford, Inc,
97 Moin St.

Waterbury

The Bond Rodio Supply
439 W. Moin St

Hotry of Woterbury, inc.
89 Cherry St

DELAWARE
Wilmington
Almo Rodio Co.
Cor. 6th ond Oronge St.

Rodio Electric Service Co.
3rd ond Totnoll Sts

FLORIDA
Ft. Lauderdale
Gaddord Distributors
2113-15 South Andrews Ave.
Jacksonville

Kinkode Rodio Supply
1402 Louro St

Southeost Audio Company
930 W. Adoms St.

Lakeland
Rodio Accessories Co.
1050 South Florda Ave.
Miami
Electronic Supply Co
61 N.E. 9th St.

Herman Radio Supply Co.
1365 N.W. 23rd St.

Thurow Distributors, Inc
2207 N.E. 2nd Ave.

Orlando
Hommond-Adoms, Inc
9 South Terry St.
Pensacola
Grice Rodio & Electronic Supphes
360 E. Wright St
St. Petersburg
Cooper Radio Co
648 Second Ave So
Tallahassee
Thurow Distributors, Inc.
739 North Monroe
Tompa

Kinkode Rodio Supply
1707 Grond Central Ave

Rodio Accessories Co.
137-9 So Fronkhin St.

Thurow Distributors, Inc
134-136 South Tompo St.

West Palm Beach

Goddord Distributors, Inc
1309 North Dixie

GEORGIA

Albany
Specialty Distributing Co.
104 Pine Ave.

Atlonta

Specialty Distributing Co
425 Peochtree St. N.E.

Southeostern Radio Parts Co.
400 W Peochtree St.

The Yoncey Compony, Inc
1500 Northside Drive N.W.
Augusta
Speciolty Distributing Co
644 Reynolds St.
Columbus
Rodio Soles & Service Co.
1326 First Ave.
Macon

Speciolty Distributing Co.
539 Arch St.

Savannah
Speciolty Distributing Co
411 E. Broughton St.
Southeosterr Rodic Perts Co.
38 Montgomery St.

HAWAII

Honoluly, T. H.
Precision Rodio Co
1372.74 So King St.
Rodic Wholesale & Supply Co.
P.O. Box 3768

IDAHO

Boise

Croddock s Radio Supply
1522 Stote St.

Kopke Electronics Co.
119 Peosley St.

Idaho Falls

Schwendimon s Whalesole Distributors
380 E Street

ILLINOIS

Belleville
Lurtz Electric Co.
210 North lllinois St.
Chicago
Alhed Radio Corp.
833 W. Jockson Blvd.

Chicogo Rodio Apparatus Ca., Inc.
415 South Deorbarn St.

Green Mill Rodio Supply
145 West 111th St

Lukko Sales Corp.
5024 Irving Pork Rd.

Nework Electric Co.
223 West Modison St.

Stor Electronic Distributors Inc.
7736 South Holsted St.

Wolker-Jimieson, Inc.
311 South Western Ave.
Decatur
York Rodio Supply Corp.
801 North Broodwoy
Elgin
Fox Electric Supply Co.
67-69 Nor*h Stote St.
Peoria
Klous Radio & Electric Co.
707 Moin St.
Quincy
Cooper Supply Co.
935 Moin St.
Rockford

H & H Electronic Supply, Irc.
510 Kishwoukee St

Art A, Johnson Sales & Service
117 Chorles St.

Mid-West Associoted Distributors
506 Wolnut St.

Rock Island

Tri-City Rodio Supply, Inc.
1919 - 4th Ave.

Y IN ANY ELECTRONIC EQUIPMENT




Springfield
Horeid Suce
120 North T 5t

Wason Supply Co
108 W Jeffasson St

INDIANA

Anderson

Seyberts Rodio Supply

1331 Mon St
Angola

Lokelond Rodwo Supply Co

South West ond West Pleasant Sts
Evansville

Costrups
1014 West Fronklin St

Onio Volley Sound Swrvice
11 NW. Riverside Drive

Wesco Rodio Ports
#78 430 Pennivivaro St

Fort Wayne

Ft Woyre Elsctronics Supply, Inc
223 Eost Moin St

Pembleton Loborotories
236 Eost Columbio ot Barr 7t

Worren Rodio Co
1716 Socth Hornison St
Indianapolis

Grohom Electronics Supply, Inc
102 S. Pennsylvonio St

Meunier Rodio Supply Co
524 North lhnors

Rodio Distributing Co
1013 North Cop'tol Ave
Lafayette
Holmws Radio Supply Co Inc
217 Moin St
Muncie

Rodio Supply of Muncie, Inc
305 Nortn Modison

Stondord Rodeo Ports Co. Inc
718 Sauth Wolnut

Peru
Cly e Bad
B4 wew
Richmond

Rodio & Twwision Duributing Co
717 Seetk Sth St

South Bend

Colfox Co, Inc
K2 South Maw St

Rastive Dietribmteng Co
Mo ond Correll St
Terre Haute

Archue & Ewranr
1216 Wohash A

Terre Houte Rodie
561 Ohio St

IOWA
Cedar Rapids
“fford Brown, Inc
106108 Fumt St SW
Council Bluffs
Wor'd Rodho Laberaterws
744 West Broodwoy
Davenport
Tre City Rodio Supply Inc
320 Eost 4th St
Des Moines

Gifford Brown Inc
1216 Grond Ave

Rodio Trode Supply Co

1224 Grond Ave.
Dubuque

8o¢ Distributing Co

498 North Grondview Ave
Sioux City

Dukms Rodio Co

209 - 6th St

Power City Rodio Co

408 Jones St

Waterloo

Fornsworth Rodio & Tebevision
623 Jefferson St

Roy Mac Rodwo Supply Co
760 Baliov St
KANSAS

Pittsburg
Pittsburg Rodio Supply
212 South Broadwoy

Salina
Western Dist Radio & Supply Co
227 North Santo Fe

Topeka

Acme Rodio Supply
412€ 10th St

John A Costelow Co., Inc.
125 Konsos Ave.

The Overton Electric Co , Inc
522 Jockson St

Wichita
Amoteur Rodio Equipment Co.
1203 Eost Douglos
Interstote Electronic Supply Corp.
2301do P O Box 2018
Rodio Supply Co
1125 27 Eost Douglos

KENTUCKY
Lexington

Electronic Distributors
134 West 3rd St

Kentucky Rodio Supply Co
376 Eost Moin St

Rodto Equipment Co
480 Skown St
Louisville

P { Burks & Co Inc
911 West B-oadway

Universal Rodio Supply Co
533 South 7*h St
LOUISIANA
Alexandria
Centrol Rodio Supply Co
509 Monroe St
Baton Rouge
Eectronse Supply Co
175153 North 21st St
Laofoyette
Saneh 4 Rodio BRectronsc Supply
194 Comeron S
Lake Charles
Weolezole Rodio Equwsmwnt Co
230 Bilboo St
Monroe
Hale & McNe'l
421 Wolnut §t
New Orleans

Celmivia Rod.o & Supety Co
3940 Jed St

EWctigeue Pasts Corp
&367 North #roud

Asedw Porte int
9 Howord A

Shuler Supply Co
415 Dryades St
Shreveport

Inwistom Elctric Co of Shreveport, Inc
€30 Spring St

Komlsmoy Soles Co
220 Crockett St

MAINE
Auburn
Radio Supply Co Inc
26 Cross St
Bangor

Rodio Service Loborotory
76 Exchonge St,

Portlond
Moinw Ectronit Supply Corp
148 Anderson St
Rodio Service Loborotory
1004 Congress St

785

MARYLAND
Baltimore

Henry O Bermon Co inc
12 Eost Lombard St

Konn Eilert Electronscs fre
9 South Howord St

Rodio Elctric Service Co
5 North Howord St

Wholesale Rodio Ports Co
3311 West Batimore St

Cumberland

Zimmerlond Wholesalers

162 Bedford St
Hagerstown

114 E Woshington St
Salisbury

Almo Rodio Co

219 Hightond Ave

MASSACHUSETTS

Boston

DeMambro Rodio Supply Co
1111 Commonweaith Ave

nc

Generol Electric Supply Corp
145 North Beocon

Hotry & Young of Moss , inc
42-44 Cornhill

The Lovis M Herman Co
885 Boylston St

A. W Moyer Co.
895 Boylston St

Radio Shack Corp
167 Woshing'on St

Rodio Wire Television Inc

110 Faetwral St
Brockton

Wore Rodo Supply Co

913 Center St
Combridge

The Eostern Co

620 Memor ol Drive

Etectricor Supply Corp
1739 Masachusstts Ave
Fitchburg
Hotry & Young ot Fitckbyrg inc
390 Woter St
Holyoke

Oalces Electricol Supply Co
27" Aopleton St

Serngfeid Rodo Co

97 High &
Lowrence

Hotrs & Yowsg of Lowremm Inc

262 Lowwl St
New Bedford

C E Beckmon Co

11 Commerceoi St
Pittsfield

Putefuid Redio Co

4] W St
Springfield

TF Cuthing
349 Wertnington St

Hotry & Young of Springfiid Inc
189 Spring St

Rigo Flectricol Corp

34 Worthington St

~— Electronic Supply Co

wght St
wid Rodio Co
“ ht St
W twgeoust Elmctric Supply Co

% Hompden §*

Worcester
PsMembro Radio Supply Co , Inc

S mmer St

R Ewtestie Solws Co
Chanate §

*#ointenorce Supply Co
e aniae St

MICHIGAN
Ann Arbor

haw Rodko & Comero Shop
Chat B

'World Radio Histo

Wedemever Electronic Supply Co .

215 North 4th Ase

Battle Creek
Electronic Suppry Cerp
94 Homblin Ave

Bay City
Kinde Dutribeting Co
504 Washington Avwe

Detroit

M N Duffy & Co
2040 Grond Rmer Ave W

Rod o Electrome Suppiy Co
1112 West Worren Ave

Rodiu Specioles Co
456 Charlotte Ave
Flint

Shond Rodio Speciolhes
203 Wes! [Cearsley St

Grand Rapids

Rodio Electronic Supply Co
505 pfherson Ave SE

Jackson

Fulton Rodio Supply Co
245 West Cu tined St

Kalomazoo

Etwctronic Supply Corp
206 Eant Michigon Ave

Rolph M Ralton Co
107 Fdwrth Pand St

Lansing
Wedemeyer Electronic Supply Co
1205 East Michigon Ave
Larium
Northwest Rado

Muskegon

Fitzanatr ck Elwetrc Susply Co
¥44 lnwin Aww Cor Wood

Bwl) Lousim Electromoy dnc
99 Pack 53¢

Pontiac

Elwctrmnic Supply Co
“H Eovt P St

MINNESOTA
Duluth

L Bonn T
228 Eowt Swpm
Nui tomnet ¥ o
1254 Eaw W 5t
Minneapolis
tww By Coraprany
WS Lobaie A
(e e Cortm e
2, A o
e frmamt S & Bww trame, Supply Co
(S 1N 5
Gl Mt Sty Co
1 ket 2w
St. Paul
Lwwe Sewrirs Cos
141 147 Wit 7th St

Hall Elmctric
8§44 North Robwr! St

MISSISSIPPI
Jackson

Swon [istributing Co Inc
MOA GaMean St P O Bix 3201

MISSOURI
Butler

Hpiry Radio
211 Nerth Main St

Cape Girardeau
Sowivbuin Emctronn Supply Co

NS St P O Box 221
Joplin

4 Som Radie & Sepply Co
I St &

| etbtelt, . e .




Kansas City

Burstein-Applebee Company
1012-14 McGee St

Continmntol Electrc Co
1321 West 13th St

Electro-Crofts
1305 Swift North

Rodiolob
. 1612 Grord Ave
Poplar Bluff
Tre Stote Radio & Supply Co
118 Bartiett St
St. Joseph

Acme Rodio Supply
110 North 9th St

St Joseph Rodio & Supply Co
92224 Froncis St
St. Louis

Ar Ko Engineenng inc
1319 South Vondeverter

Wolter Ashe Radio Co
1125 Pine St.

Intarstote Supply Co
26 Sauth 10th St

Rodonics
5040 Easton Ave

Von Sickle Rodio
1113 Pine St
Springfield
Horry Reed Radio & Supply Co
805 Boonwilly Avs

MONTANA
Billings
Electronic Supply Ce
214 11th St West
Butte
Smith Supply Co
425 So Arizono St
Great Falls
Geo Lindgren Co
P O Box 966
Missoula

Northwest Distributors
508 Sawch Higgers A

NEBRASKA
Lincoln
Hieks Rodio Co
1422 O St

Lwuck Rodio Sepply
343 houth 11th St

Omaha

J 8 Disiributing Ca
1616 Cans St

Cwmleo Aprhoncs Ceo
15 ora St Mory »

Radw Ecuipment Co
2852 Douglas St

Scottsbluff

Jopquim Rodio Supply. Inc
1913 Braodwoy - P O Buw 4/

NEVADA
Reno

Ed Heim Rodio & Elechianoics
1185 Wells Ave

NEW HAMPSHIRE

Concord

Evons Radvo

P O Bex 312
Dover

Amaricon Rodio Cory

510 Centrol Ave
Manchester

CuMambra Rodwe Sapely C
1308 Elm St

Rado Service Lobwerater s
670 Chestnut St

NEW JERSEY
Atlantic City

Almo Rodio Co
4401 Vertna © -

Rodio Electric Service Ca
406 North Albony
Camden

Alma Radio Ca
1133.35.37 Hoddon Ave

Rodko Electric Serwace of N J, Inc
513.515 Cooper St
Newark

Continental Soles Co Inc
Bloomfield Ave at North 11th St

Federated Purchoser Corp
114 Hudson St at Centrol Ave

Aoron Lippmon & Co
99107 Neworh St.

Radic Wire-Television, Inc
24 Centrol Ave

Waatinghouss Electric Supply Co
528 Ferry St
New Brunswick
Wilkom Radio Supply Co
1861 Woodbridge Ave , Route 43
Trenton

Allgn and Hurley
25 Sawtn Warren §t

NEW MEXICO
Albuquerque

Rodio Equipment Co
523 Eost Central Ave

L B Wolker Rodio Ca Ine
114 West Granite Ave
Roswell

Suprems Rodio Supply
129 West 2nd St

Santa Fe

A1 Cammunicotions Supply Co
116 Wis! Paiocs Avs

NEW YORK
Albany

Fort Oronge Distributing Co
904 Broodwoy

E E Toylor Co.
465 Centeol Ave
Amsterdam
Adirondolt Radio Supply
P O Box 88
Binghamton
Federal Rodio Soles & Supply Corp
148 Stote St
Brooklyn

Pyachess Electroney Distributory Corp
76 Willoughby St

Buffalo

Dymac. Inc
2529 Moin St

Gmemawe Radwo & Ports Compring
75 Geomn St

S Equipment Cop

147 Gunuses St
Cortland

C A Winchell Rodic Suppd/ Lo

1’ Contral Ase
Fredonia

Baarbme H gbws, Inc

2" Womer St
Hempstead

Standurd Pork Corp

217 Ne: Fronldin St
Ithaco

Staltevan of ithoca, Inc

123131 South Tioga St
Jamaica, L. I,

Hornson Rodio Corporotion
172 31 Hillside Ave

Norman Rodio Dt ibatas, e
94 19 Marnch Rood

Pasrlens Rodio Dataibrors e
92 32 Mwrnck Rood
Mount Vernon

Davis Rodio Distribiuting Co
66 Eost 3¢d St

'World Radio Histo

TupEs

New York City

Arrow Electranics Co
82 Cortlondt St

Electranics Center inc
118 Duone St

Federated Purchaser
66 Dey St.

Grond Centrol Rodio
124 Eost 44th St

Hornsan Radio Cerp
225 Greenwich St

Harvey Rodio Co inc
103 West 43rd St

Hudson Rodio & Telewision Corp
48 West 38th St

Hudson Rodia & Television Corp
212 Fulton St

Life Electronic Solas
345 Broadway

Mudwoy Rodio & Telewis on Corp
60 West 45th ¢ *

Milo Radio & Elecromics Corp.
200 Greenwich St

Rodio Wire Television inc
100 - 6th Ave

Sanford Electronics Corp
157 Chombers St

Sun Rodio & Electionics Ca Inc.
122-124 Duane St

Terminol Rodio Corp
85 Cortlandt St

Rochester

Hunter Electronics
233 Eost Ave

Maskne Rodio & Electronic Equip Co

192 196 Chinton Ave, North
Rochester Rodio Supply Co
114 5t Poul St

Syraocuse

W.E Bernd*
655 South Worren St

Rodio Supply Co
200 Wolton St

Stewort W. Smith. Inc
325 East Woter St
Utica

Beacon Electromes, Inc
14 Cotherne St

Vaeth Electnic Co
35 Genesee St
Watertown
Beocon Electronics lec
98 Lncoin Bldy
White Plains
Wistchestwe Eleetrome Supply Co
420 Momoronack Ave
Yonkers

Yenlowrs Electrory Semey Inc
54) Nepperhon A

NORTH CAROLINA
Asheville
Freck Rodio & Swpply Co
W Bitmors Ave
Charlotte

Dixie Rodio Supply Ca, Inc.
715 West Mombwad

Show Distributing Co
205 West st St

Southern Radio Corp
1625 West Morshwad
Greensboro

Johannesen Electric Co
312-14 North Evgene St.

Southeostern Rodio Supply Co.
404 North Eugene St.
Raleigh

Radio Amoteur Center
411 Hilisboro St

Southeastern Radio Supply Co.
415 Hillsboro St.
Winston-Salem

Dolton Hege Rodio Supply Co
924 West 4th St

MORTH DAKOTA

Fargo
Bristol Distributing Co.
419 NP Ave

Forgo Radio Service Co
$5 3rd Ave North

OHIO

Akron

Olson Rodio Worehouse, Inc
73 Eost Mill St

The Sun Rodio Co.

110 Eost Morket St
Ashtabula

Moreison s Rodio Supply

331 Center St.
Canton

Armstrong s Electronic Center
1261 Cleveland Avenue Narthwest

Wireless Rodio & Television
117 12sh St NE.
Cincinnati
Chombers Electrome Supply Co Inc
1667 71 Centrol Parkway
Herchnger Distnbuting Co
15th ord Viné Sts
Hughes Peters, Inc
1128 Sycomore St.

The Mytrorsc Co.
121 Wast Cantrol Porwoy

The Schuster Electric Co
31921 Eaw Bth St

Steinberg s Inc.
633 Wolnut St

United Radio, Inc.
1314 Vine St

Cleveland

Northern Oho Loborotories
2073 West 85th St.

Pioneer Radio Supply Corp
2115 Prospect Ave

The Progress Rodio Supply Co
415 Huron Rood

Rodio & Electronics Port Corp
3235 Prospect Ave

Winterodio inc
1468 West 25th St
Columbus

Hughws: Psters, Inc
11117 Eost Long St

Thompson Rodio Supplies
182 Eowt Long St
Dayton

Hughes Peters, Inc
300 West 5th ot Perry

Sepco, Inz

135 Eom 2nd St

Stottw Fnedmon Co

620 South Moin St
East Liverpool

D & R Rodio Supply

631 Dresdon Ave
Lima

Linws Radis Ports Co

600 NorthMain St
Springfield

Etows Fod o Supply

5.2 West Main St

Stiersnst Badio—Springfisld Inc

118 Wit 240in St
Steubenville

D & R Racvo Supply
156 South 3rd St

Toledo

The H & W Auto Accessaries Co
26 Nortn 11th St.

Litetime Elcironics

1501 05 Asoms St

Wer e Rasho Company

1320 Mudleon Ave
Youngstown

Rodio Purts Co
230 Baanimon St



Ross Radio Company
325 West Federal St.

OKLAHOMA
Oklahoma City
Radio Supply, Inc.
724 North Hudsan
Tulsa

Electronic Supphies
219 Eost 1st St.

industrial Electronic Supply, Inc

1124 Eost 4th St

Ol Capitol Electronics Corp
923 Eost 4th St

Radio, Inc
1000 South Marn St

$ & S Rodio Supply Ca
721 S Detroit St
OREGON
Eugene

Carlson, Hatton & Hay Inc.
96 East 10th Ave

United Radio Supply, inc
179 West Bth St
Medford
Nerl G Walker Co
P O. Box 1586
Portland
Central Distributors
1135 S.W. Washington St.
Fleming & Company
N.W. Brondway at Flanders
Harper-Meggee Co
1506 N.W lrying St
Lou Johnsan Co., Inc
422 N'W. 8th Ave
Northwest Radio Supply Co
717 S.W. Ankeny St

Pacific Stationery Wholesale Rodio Dept

414 S.W. 2nd Ave.

Portlond kodio Supply Co
1300 West Burnside St

Stubbs Electric Co
33 NLW. Pork Ave

United Radio Supply, Inc

22 N.W. 9%th Ave.
Salem

Lou Jahnson Company

1051 Soutn Commercial St.

PENNSYLVANIA

Altoona

Hollenbock s

2221 3.5 Eighth Ave.
Bethlehem

Buss Rodic Electric Supply
61-63 Eost Broad St

Erie
J. V. Duncombe Co.
1011 West 8th St.
Worren Radio, Inc.
12th ond Stote Sts.
Harrisburg
Rodio Distributing Co.
915 South 13th St
Philadelphia
A. C.Radio SupplyCo.
1539 West Passyunk Ave.
Alma Rodio Co
509 Arch St.
Alma Radio Co.
6205 Market St.
Almao Rodio Co.
412-16 North 6th St.
Consolidoted Rodio Co.
612 Arch St.
Herboch & Rodeman, Inc
1205 Cuthbert St.
M & H Sparting Gaods Co.
512 Market St.

Rodio Electric Service Co,
N.W. Cor. 7th ond Arch Sts,

Rodio Electric Service Co of Penno., Inc.

3412-14 Germontown Ave.

Albert Steinberg & Company

2520 North Broad St

Eugene G. Wile
218 South 11th St

Pittsburgh

Comeradio
112} Penn Ave.

12-1.52

M. V. Mansfield Co.
937 Liberty Ave.

Radio Parts Company

6339 Penn Ave

Tydings Company

5800 Baum Blvd
Reading

Gearge D. Barbey Co.

2nd ond Penn Sts.
Scranton

Fred P Pursell

54850 Wyoming Ave

Scranton Radio & Television Supply Ca

519-21 Mulberry St

Uniontown

Zimmermaon Wholesalers
55 Morgantown St.

Wilkes-Barre

Rodio Service Co.
346 South Main St.

Williamsport

Williamspart Rodio Supply
518 West 3rd St

York

York Rodio & Refrigeration Ports

263 West Morket St.

RHODE ISLAND

Providence

Wm. Dandreta & Co.
129 Regent Ave.

DeMombro Rodio Supply Co.
90 Broodway

W. H. Edwards Co.
94 Broadway
SOUTH CAROLINA
Charleston
Radio Laboratories
215 King St.
Columbia

Dnae Rodio Supply Co, Inc.
1700 Lourel St.

Southeastern Rodia Ports Co.

1513 Taylor St.
Greenville

Duxie Rodio Supply Co., Inc.

22 South Richardson St.
Spartanburg

McElhenney Co., nc.
204 St. John St.

SOUTH DAKOTA
Aberdeen
Burghordt Radio Supply
P O. Box 342
Sioux Falls
Power City Rodio Co.
209 South 15t Ave.
Woatertown

Burghordt Radio Supply
P O.Box 41

TENNESSEE
Bristol

Roden Electrical Supply Co.
104 East Stote St.

Chattancoga

Speciolty Distributing Co.
135 Market St.

Jackson

L. K. Rush Company
103 Highlond

Kingsport

Chemcity Radio & Electric Co.

1019 Bristol Highwoy
Knoxville

Chemeity Radio & Electric Co.

12 Emory Pork

Roden Electrical Supply Co.

808 Narth Central Ave,
Memphis

Biuff City Distributing Co.

905 Union Ave.

Lovender Radio Supply Co., Inc.

1B0 South Cooper St

W & W Distributing Co.
639 Madtson Ave.

0
-
Y
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Nashville

Braid Electric Co.
1100 Demanbreum St.

Electra Distributing Co.
1914 West End Ave.
TEXAS
Abilene
R & R Electronic Co.
802 4 Walnut St.
Amarillo

R & R Electrome Co

707 Adams St

West Texas Rodio Supply

1026 West 6th St
Austin

The Horgis Co

706 West 6th St.

Beaumont

Montogue Rodio Distributing Co

760 Laurel St

Brownsville

Electronic Equiprent & Engineering Co

1152 East Madison St

Corpus Christi

Electranic Equipment & Engineering Co

805 South Staples St

Wicks DeVilbiss Co

513 15 South Stoples St.
Dallas

Crobtree s Whalesale Rodio
2608 Ross Ave.

Industrial Electronic Subply Inc

134 Leshe St.

Ro Tel, Inc
2409 Ross Ave.

Southwest Radio Supply
1820 North Harwood St

Wilkinson Bros.
P O.Box 1169
Denison

Denison Radio Supply
310 West Woodord St

El Paso

C C McNicol
811 North Estrella

Midland Speciolty Co.
425 West Son Antonia St.

Reeves Radio Supply
720 North Stanton St.

Fort Worth
Electronic Equipment Co.
917-19 Florence St.
Ft Worth Rodio Supply Co
1201 Commerce St.
Scoater s Radio Supply Co
509 Commerce St.

Bill Sutton s Wholesale Electranics

Commerce at 5th St.

Houston

Busacker Electronic Equipment Co.

1721 Wough Drive
Electrome Parts Ca
3508 Crowford St.
Geophysicol Supply Co.
P.O Box 2214

Robert E. Frankhin Co.
1905 Chortres St.

Gulf Coast Electronics
1110 Winbern St.
R.C.& L. Holl, Inc.
1219 Caroline St.
Harrison Equipment Co.
1422 Son Jocinto St.

Houstan Radio Supply Co , Inc

Cloy ot LaBronch

Lenert Company

2213 Congress Ave.
Sterling Rodio Praducts Co.
1416 McKinney Ave

Strous-Frank Company
4000 Leelond Ave

Laredo

Guorontee Rodio Supply Ca
1314 Iturbide St

Lubbock

R& R Supply Co Inc
706 Main St

'World Radio Histo

West Texas Radio Supply
1007 Avenuve Q

McAllen
Rio Radia Supply Co
P O Box 168

San Angelo
Gunter Wholesale Co

606 South Irving St~ P. O Box 1505

San Antonio

Amateur Headquarters & Supply
P O.Box 5086 Beocon Hill Station

Electromics. Inc
616 Broodwoy

Mission Rodio Inc
P O. Box 2487

Rodio & Television Ports Co
118.20 Seventh St

Rio Rodio Supply Co
818 Son Pedro

Strous-Frank Company
301 South Flores St
Tyter
Lavender Rodio Supply Co
502 Eost Ookwood
Waco

The Horgis Ca,, Inc
1205 Washington Ave

Wichita Falls

Clark & Gose Rodio Supoly
1203 Indiono Ave.

Mooney Rodio Supply Co
P O Box 969

UTAH
Ogden

Boltard & Corter Ca
2428 Gront Ave

Sait Lake City

O Loughlin s Rodio Supply Co

113 Eost Broadway

Radio Supply Co
157 Motor Ave

S R Ross, Inc
1212 South Stote St

Stondord Supply Co
531 South State St

VIRGINIA
Bristol
Bristol Radio Supply Corp
31 Moore St.
Lynchburg

Eostern Electric Co.
920 Commerce St.

Norfolk

Rodio Equipment Co
821 West 215t St.

Radio Parts Distributing Co
128 West Olney Road

Rodio Supply Co.
711 Gronby St
Richmond

The Arnold Company
2810 West Morsholl St

Rodio Supply Compony
3302 West Brood St

Wyott-Carnick, Inc
Grace ot 14th St.
Roanoke

H. C. Boker Sales Co., inc.
19 Fronklin Rood

WASHINGTON

Bellingham
Wantkus Supply Co
110 Grond Ave

Everett
Pringle Rodio Wholesale Co
2514 Colby Ave.

Seattle
Alosko Radio Supply, Inc
1844 Westloke Ave North
Electronic Supply Corp.
6305 - 49th Ave. S.W.
Harper-Meggee, Inc
960 Republican St
Rodio Praducts Sales Co, Inc
1214 First Ave

Seattle Radio Supply, Inc
2117 Second Ave

Western Electromic Supply Co

717 Dexter Ave

Westiake Electromic Supply

511 Westlake Ave. North

Herb E Zobrist Co

2121 Westloke Ave
Spokane

Columbia Electric & Mig Co
South 123 Wall St

Harper Megues Co

North 734 Dwiwon

Northwst Electronics Co

North 102 Monros St
Tacoma

C & G Radio Supply Co
2502 6 Jefferson Ave

A. T, Stewort Co
743 Broadway
Walla Walla

Kar Radio & Electric Co
12th ond Pine Sts

WASHINGTON, D. C.
Coprtol Radio Wholesalers
2120- 14th St N'W.
Electronic Wholesolers Inc
2345 Sherman Ave. N.W.
General Electric Supply Corp.
705 Edgewood St N.E
Kenyon Rodio Supply Company
2020 14th St NW
Rucker Rodio Wholesalers
1312-14th St NW.

Southern Whalesalers, Inc
707 Edgewosd St NE
Sun Rodio

938 F St N.W.

WEST VIRGINIA

Charleston

Chematy Rodio & Electric Co
103 Clendenin St

Clarksburg
Trenton Radio Co
791 Pike St

Huntington

Electronic Supply, Inc.
422 Eleventh St.

King & lewin Inc.
316 Eleventh St

Morgantown

Trenton Rodio Co
300 Gront Ave

Wheeling

General Etectranics Distributors, Inc

26 Tenth St

WISCONSIN

Appleton

Appleton Rodto Supply Co.
1217 North Richmond St.

Valley Rodio Distributors
518 North Appleton St

Madison

Sotterfield Rodio Supply

326 West Gorhom St.
Marinette

G. M Popkey Co.

Marn ot 9th St
Milwaukee

Central Rodio Parts Co.
1723 West Fond du Lac Ave.

Electra Pliance Distributors, Inc
2548 West Lisbon Ave.

Radio Parts Co, Inc
536-38 West Stote St
Wausau

Radio Service & Supply Co.
615 Third St

WYOMING

Cheyenne

Houge Rodio & Supply Co
2008 Corey Ave




PRICE

June 1, 1953

HEAT DISSIPATING CONNECTORS

VACUUM TUBES

TUBE TYPE PRICE TUBE TYPE PRICE TYPE PRICE TYPE PRICE
2-01C $ 15.25 6C21 $ 77.00 HR-1 $ -‘g ::"; $ .80
2-25A 11.00 KY21A 13.25 i o f : 13
HR-3 .60 HR-8 1.60
2-50A fe RX21A 9.00 HR-4 .80 HR-9  3.00
2-150D 19.25 257 9.00 HR-5 .80 HR-10 1.60
2-240A 66.00 35T 10.50
2-2000A 214.50 35TG 16.00 A
2C39A 7 iy b AIR SYSTEM SOCKETS
3K20,000LA  2,975.00 75TL 13.25 PRICE
TYPE
3K20,000LF  2,975.00 :
Lo jeas 4-400A /4000 $16.00
3K20,000LK 2,975.00 100TL 18.25 4-400A /4001 12.00
3W5000A3 198.00 152TH 28.75 4-400A/4006* 6.00
3W5000F3 198.00 4-1000A /4000 22.50
3W10.000A3  957.00 U —— 4-1000A /4001 17.00
. ' : 250R 22.00 4.1000A/4006* 7.50
3X2500A3 198.00 250TH 33.00 4X150A /4000 18.00
3X2500F3 198.00 4X150A/4001 17.50
3X3000A1 198.00 250tk - 4X150A/4006* .60
253 20.50
TR s - . 4X150A /4010 20.15
. 3 '2 304TH 60.50 4X150A /4011 19.70
4-125A 0.25 304TL 60.50 *Replacement Chimneys
4.250A 41.25
450TH 77.00
4-400A 60.50 450TL 77.00 PREFORMED CONTACT FINGER STOCK
4.1000A 132.00 1
4E27A/5-125B  35.75 | ::‘2’4 3'2°°A3 1::':: e
4FR60A 90.00 | r 17/32" - - - $1.65/ft.
4W20,000A 1,850.00 866A 2.10 31/32" - - - . 1.80/ft.
4X150A 48.00 872A 8.20 1-7/16" - - - 2.00/ft.
4X150D 48.00 10007 137.50
4X150G 54.00 15007 220.00
4X500A 121.00 2000T 275.00 VACUUM PUMP & GAUGE
4X500F 93.50 8020(100R) 15.00
TYPE PRICE
HV-1 $125.00
VACUUM CAPACITORS Pump Oil - Qt. 5.00
100 IG 22.50
TYPE PRICE TYPE PRICE
vVC6-20 $15.00 VC50-20 $ 24.25 VACUUM SWITCH
VC6-32 17.25 VC50-32 27.50
VC12-20  16.50 VVC60-20 66.00 T
‘ VC12-32  20.00 VVC2-60-20 147.50 ves $13.25
VC25-20  20.00 VVC4-60-20 284.00 12V Coil 11.75
YeEgoe D 24V Coil 12.50

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE Printed in U.S.A. 4-71091






Eimac
Tube Type

EITEL-McCULLOUGH, INC. Numbering
SAN BRUNO, CALIFORNIA
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 24 kw forced-
air cooled Eimac triode, type number 3X2500A3, is broken down as follows:

3X2500A3

Number of Electrodes Plate Mu Group
2 Indicates Diode Dissipuﬁon 1 Indicates mu from O to 10.
3 Indicates Triode (Watts) 2 Indicates mu from 11 to 20.
4 Indicates Tetrode 3 Indicates mu from 21 to 30.
5 Indicates Pentode etc.
etc.
Description
*R or - Radiation ceoled, internal anode. .
X External anode, air-cooled tube. Version
w Water-cooled anode. Indicates tubes which, although alike
PR Intended for pulse work, radiation cooled, as to the number of elements and
internal anode. plate dissipation, are not necessarily
PX Intended for pulse work, external anode, air- interphangeable either electrically or
cooled. physically.
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. Printed in U.S.A.
45610



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 Eimac 5 kw output Klystron for the lowest third of the UHF tele-
vision band, type number 3K20,000LA, is broken down as follows:

3K20.000LA

Number of Cavities Dissipation Version
This is the number of interaction Rating Indicates tubes which, although
regions along the beam. A reflex (Watts) alike as to the number of inter-
klystron would be considered to action regions, type, dissipation
have one interaction space; a travel- and frequency band, are not nec-
ling wave tube with a distributed essarily interchangeable either
circuit would be considered as hav- electrically or physically.

ing “zero’’ cavities because there are
no well defined interaction regions.

Type of Tube

K Klyston

TW Traveling Wave Frequency Band

PK Pulse Klystron Predominately an L-band tube

ST Space Charge Predominately an X-band tube
Travelling Wave Tube. ete.

Printed in U.S.A. 1-71531



APPLICATION BULLETIN

EITEL-McCULLOUGH,

SAN BRUNO, CALIFORNIA

NUMBER 5

TUBE

PERFORMANCE
COMPUTOR

DETAILED INSTRUCTIONS

INC.

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 velt-
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

PLATE VOLTAGE
AT ANY INSTANT

0C. PLATE
VOLTAGE
(AVERAGE)
Wiy
2>
£3
a5 !
| &8 |
3 TN, N
i 2 TIME ~—an=
' \ \ £ _oc Gaid
= I 4 BIAS
2i¥| GRID VOLTAGE (AVERAGE)
3| AT ANY INSTANT
z>

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.”

PLATE CURBENT POINT
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'l: g' s }3&
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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.

siﬂ'r /__\ /\

e

Figure 1

Figure 3

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

CoPYRIGHT 1952, EITEL-MCCULLOUGH, INC,
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If we analyze the plate and grid current values
shown, we can predict that they will cause a DC
ammeter to show a particular reading. This is
called the DC component of the current. Also, we
can predict that if the plate current flows through
a properly loaded resonant RF circuit a certain
amount of radio frequency power will be delivered
to that circuit. If the circuit is tuned to the fun-
damental frequency (same frequency as the RF
grid voltage) the power delivered will be due to
the fundamental (or principle radio frequency)
component of plate current. If the circuit is tuned
to a harmonic of the grid voltage frequency (for
instance, two, or three times the frequency) the
power delivered will be due to a harmonic compo-
nent of the plate 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
what all meter readings will be and to predict the
RF output power and the required driving power.
With these factors known we are then able also to
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.z=4ss7 The method for the case
of harmonic amplifier service is approximate and
should be used only for tetrode and pentode tubes,
where the plate voltage has little effect on the
amount of plate current flowing. A more exact
method, showing that for harmonic operation the

Page Two

operating line is a simple Lissajon figure, has been
described by Brown.s
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
watls 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.
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APPLICATION BULLETIN

EITEL-Mc GULEOUGH, Inc.

SAN BRUNO, CALIFORNIA

TUBE PERFORMANCE COMPUTOR
For RF Amplifiers (Class B, C, and Frequency Multipliers)

Use with constant current curves to obtain plate, grid, and screen current values; also
output and driving power.
DC Current (meter reading) 1/12 (0.5A+4+B+C+D+E+F)
Peak Fundamental RF 1/12 (A+1.93B+41.73C+1.41D+E+0.52F)
Peak 2nd Harmonic RF (Approx.)* 1/12 (A+1.73B4+C—E—1.73F)
D Peak 3rd Harmonic RF (Approx.)* 1/12 (A+141B—1.41D—2E—1.41F)

Output Power—1% Peak RF plate current X Peak RF Plate Voltage

\ Driving Power=DC Grid Current X Peak RF Grid Voltage
*Use only for tetrodes or pentodes — Approximate Only.

e INSTRUCTIONS

Mark point of DC plate voltage and DC Grid Bias.
Mark point of peak plate current in low plate voltage
region. (This is about four times DC plate current).
Draw straight line between points selected in No. 1 &
No. 2. This is “‘Operating Line."”
Place computor on curve sheet with guide lines
parallel to “Operating Line.” Make OG line of com-
putor go through point of Step No. 1. Make OA line
E of computor go through point of Step No. 2.

5. Read current values where ‘‘Operating Line” crosses

OA, OB, OC, OD, OE, and OF. :

L

6. Put values in formulas as A, B CDE&F. .
For detailed instructions see Eimac Application Bulletin No. 5.

GUIDE LINES

AaaMMin o il & & \E

Corvrfm' 1951, EITEL-MCCULLOUGH, ING.
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4. (In the case of the triode this is near the
“diode line” or line where the instantaneous grid
and plate voltages are equal.) The practical pro-
cedure in calculating tube performance is to arbi-
trarily choose point No. 2 and complete the calcu-
lations. Then try other locations of point No. 2,
complete the calculations, and compare the results.

In the case of the 4-65A let us choose a peak
value of plate current about four times the DC
plate current of 130 ma, or 500 ma. Let us choose
a minimum instantaneous plate voltage of 250 volts
and thus fix the upper 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-

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 QA 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 0 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
line Formulas Plate

Instantaneous Values of Currents
Screen Control Grid

OA A 500 Ma 165 Ma 60 Ma
OB B 510 100 50
0oC C 460 25 30
OD D 290 5 14
OE E 80 0 0
OF F 0 0 0

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

DC Meter Reading=1/12 (0.5 A+B4-C+D+E4F)

Plate Screen Control Grid

250 Ma 82 Ma 30 Ma

510 100 50

460 25 30

290 5 14
___ 8 P -
Total 1590 Ma 212 Ma 124 Ma
DC Current=1/12 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+41.93 B41.73 C4+1.41 D4+E40.52 F)
A= 500=500 Ma

1.93 B=1.93x 510—=985

1.73 C=1.73x 460—=796

1.41 D=1.41x 290—=409
E= 80—=80

Total =2770 Ma

Peak fundamental current—=1/12 Total
= 2770/12 = 230 Ma

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

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

Output power=2 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—=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 - RF Output Power
=264 - 201 =63 watts
Efficiency =RF Output Power divided by
DC Input Power
=201/264 =76%
Driving Power =DC Grid CurrentxPeak RF Grid Voltage
So the Driving Power—=.010 x 220 =2.2 watts

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

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

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

The performance of the tube can now be sum-
marized:

DC Plate Voltage 2000 Volts | Driving Power 2.2 Watts
DC Screen Voltage 250 Volts | Grid Dissipation 1.0 Watts
DC Grid Voltage —120 Volts | Screen Dissipation 4.5 Watts
DC Plate Current 132 Ma Plate Power Input 264 Watts
DC Screen Current 18 Ma Plate Power Output 201 Watts
DC Grid Current 10Ma | Plate Dissipation 63 Watts
Peak RF Grid
Voltage 220 Volts |
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4-65R

RADIAL-BEAM

EITEL-McCULLOUGH, INnC. P T
OSCILLATOR
AMPLIFIER

SAN BRUNO, CALIFORNIA

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

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

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

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - . - - - - - - . . . _ . 60 volts
Current - - - - _ - . - - - . . . . . . 35 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - .« - . . . 5
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - . . . . _ . . _ 008 ppfd
Irput - - - - - - . - - - - - - - 80 puufd
Output - - > o - - - - S 2.1 upfd
Transconductance (ib = 125 ma., Eb = 500 v., Eu = 250 V. ) - - - - - - 4000 pymhos
Frequency for Maximum Ratlngs - - - - - - - - - - - 150 Mc.
MECHANICAL N .
. . ational HX-29 Socket
HBase - - - - - - . oL >-pin—Fits { Johnson 122-101 Socket
Mounting - - - - - . . . . . . Vertical, base down or up
Cooling - - - - - - . - O . Convection and Radiation
Maximum Overall Dimensions
Length - - - - . . . . . . . . . _ . . 438 inches
Diameter - - - - - - - - - - - - - - . 238 inches
Net Weight - S - - - - - - ... L 3  ounces
Shipping Weight (Average) - - - - T 1.5 pounds

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT THAN THOSE GIVEN UNDER
“TYPICAL OPERATION,' POSSIBLY EXCEEDRDING MAXIMUM RATINGS. WRITE EITEL-MCCULLOUGH. INC.. FOR INFORMATION
AND RECOMMENDATIONS.

(Effective 1-30-53) Copyright 1953 by Eitel-McCullough, Inc. P Indicates chonge fram sheet doted 8-15-51



RADIO-FREQUENCY POWER AMPLIFIER

AND OSCILLATOR

Class-C Telegrophy or FM Telephony

MAXIMUM RATINGS (Key-down conditions, per tube)

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

3000 MAX. YOLTS
400 MAX. YOLTS

- —500 MAX. VOLTS

150 MAX. MA

65 MAX. WATTS
10 MAX. WATTS
5 MAX. WATTS

PLATE-MODULATED RADIO-FREQUENCY

TYPICAL OPERATION

D-C Plate Voltage - - - 600 1000 1500 2000 3000
D-C Screen Voltage - - - 250 250 250 250 250
D-C Grid Voltage - - - —5 —70 —75 —80 —90
D-C Plate Current - - - 140 150 150 150 115
D-C Screen Current - - - 40 40 35 30 20
D-C Grid Current - - - 13 15 14 12 10
Peak R-F Grid Input Voltnge

{approx.) - - 145 170 180 175 170
Driving Power {approx.) - - 19 2.5 2.5 2.1 1.7
Screen Dissipation - - - 10 10 9 8 5
Plate Power Input - - - 84 150 225 300 345
Plate Dissipation - - - - 30 45 55 65 65
Plate Power Output - - - 54 105 170 235 280

TYPICAL OPERATION

AMPLIFIER D-C Plate Voltage - - - 600 1000 1500 2000 2500 volts
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) g:g éﬁ;ze’\‘/g\{t";;ge - :_1233 _}153 _%gg _?;g _ﬁg :2:3
D-C Plate Current - = - 117 120 120 120 108 m
MAXIMUM RATINGS D-C Screen Current - - - 40 40 35 33 16 m:
D-C Grid Current - - - n 12 12 12 8 ma
D-C PLATE VOLTAGE - - - - 2500 MAX. VOLTS Screen Dissipation - - - 10 10 9 8 4 watts
D-C SCREEN VOLTAGE - = o - 400 MAX. VOLTS Grldk [;:ssFlp;tlon \-/ I - 10-0% - 10 1.2 12 11 7  watts '
P creen Yo tnge,
D-C GRID VOLTAGE - - - - —500 MAX. VOLTS o Momglich - <175 175 175 175 175 volts
D-C PLATE CURRENT - - - - 120 MAX. MA Penk(R -F Gn)d Input Volfﬂqe Tooll 20 5. 725) T i
r - g - volts
PLATE DISSIPATION - - - - 45 MAX. WATTS Dl,,,,,,,‘;:‘;:,’,‘e, (horox) - = 21 25 27 26 13 wams
o - - o Plat: I t - - - watt:
SCREEN DISSIPATION 10 MAX. WATTS PI:t: D?s‘:ie;:nt?ozu - - - - 20 25 35 40 45 w:tt:
GRID DISSIPATION = - - - 5 MAX. WATTS Plate Power Output - - - 50 95 145 200 225 watts
e
Nate: Typical operation dota are bosed an canditians of adjusting ta a specified plote current, maintaining fixed canditians af grid bias, screen vaitage, and r-f grid valtage. .

It will be faund that if this procedure is faollawed, there will be little variatian in pawer autput between tubes even thaugh there may be same variatians in grid and screen
currents. Where grid bias is abtained principally by means of a grid resistar, ta cantral plate current it is necessary ta make the resistar 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-AB; (Sinusoidal wave, two tubes unless otherwise specified)

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
Effective Load, Plate-to-Plate -

Peak A-F Grid Input Voltage (per tube)

Driving Power - - - -

Max-Signal Plate Dissipation (per tube)

Max-Signal Plate Power Output

1000
500
—85
30
170
0

24
9000
85

0

45
80

1500
500
—85
30
180
0

14
15,000
85

0

63
145

*Adjust to give stated zero signal plate current.

The ectfective grid circuit resistance for each tube must not exceed 250,000 ohms.
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1750 volts
500 volts
—90 volts
20 ma
170 ma
0 ma
17 ma
20,000 ohms

90 volts
0 watts
62 watts
175 watts

- . - = - - 3000 MAX. YOLTS

- - £ . - - 600 MAX. VOLTS

- - - - - - 150 MAX. MA

5 = S o - - 65 MAX. WATTS
5 = 5 & = - 10 MAX. WATTS

TYPICAL OPERATION
Closs-AB, (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 Current - 0 0 0 0
Max-Signal D-C Screen Current - 60 45 30 25
Effective Load, Plate-to-Plate - 3600 6800 14,000 20,000
Peak A-F Grid Input Voltnge

{per tube) - - 120 105 100 90
Max-Signal Peak Driving Power - 6.2 5.0 3.2 2.2
Max-Signal Nominal Dnvmg Power

(approx.) - - 391 2.5 1.6 1.1
Max-Signal Piate Dlssmntwn

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

**Adjust to give stated zero signal plate current.

P> Indicates change from sheet dated

volts
volts
volts
ma
ma
ma
ma
ohms

volts
watts

watts

watts
watts

8-15-51



RADIO-FREQUENCY LINEAR POWER AMPLIFIER
SINGLE SIDE BAND SUPPRESSED CARRIER
Class-B {One tube)

MAXIMUM RATINGS

0.C PLATE YOLTAGE - L 3000 MAX. YOLTS
0-C SCREEN VOLTAGE - - - - - 600 MAX. YOLTS
PLATE OISSIPATION - - - - - - - 65 MAX. WATTS
SCREEN OISSIPATION - - - - E— 10 MAX., WATTS
GRIO OISSIPATION - - - . - - - 5 MAX. WATTS

*Adjust to give stated zero-signal plate current,
**Due to intermittent nature of voice average dissipation is consider
ably less than Max-Signal Dissipaton.

TYPICAL O PERATION

0-C Plate VYoltage - - - - - 1500 2000 2500 volts
0-C Screen Voltage - - - - - 300 400 500 volts
0-C Grid Voltage (approx.)* - - - =80 =75 —I00 volts
Zero-Signal O-C Plate Current - - - 33 25 20 mo
Max-Signal 0-C Plate Current - - - 200 270 230 mo
Zero-Signal 0-C Screen Current - - - 0 0 0 mo
Max-Signal 0-C Screen Current ** - - 35 50 35 mo
Max-Signal Peak R. F. Grid Voltage - 190 270 300 volts
Mazx-Signal Avg. Grid Current - . - i3 17 & mo
Max.Signal Avg. Oriving Power - - - 2.4 4.4 1.8 watts
Max-Signal Plate Oissipation®* - - - 105 190 225 watts
Average Plate Oissipation - - - - 60 &5 65 waotts
Moax-Signal Useful Power Output - - 150 300 325 waotts

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 dissipotion,
ecmp = Peok positive grid voltoge, ond
{c =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 Mec. 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 %" 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

For suitable peak V.T.V.M. circuits see, for instance, ''Vacuum Tube
Ratings," Eimac News, January 1945. This article is available in re-
prini form on reauest.
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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-modulated operation of the 4-65A.
When the 4-65A is used as a class-C high-level-modulated

” ] |

L4-63A '

i

Screen-tuning neutralization circuit for use above 100 Mc.
C is a small split-stator capacitor.
C 640,000
{uutd) o) approx.

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-AB: 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-AB, and class-AB, audio
operation are given in the tabulated data.

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

The peak driving power figures given in the class-AB,
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 maximum rating, at a
point somewhat below maximum-signal conditions.

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

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

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

KEYING THE TETRODE AMPLIFIER
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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 aboyt 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
cougling.

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

When the key is up there is no excitation to the 4-654A,
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 not sufficient
to heat the plate beyond its rated plate dissipation and a
fixed bias is not required. However, with plate voltages
over 2000 volts, a small fixed bias supply is needed to
keep the plate dissipation within the rated limit. An
ordinary 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 position, presenting a more constant load to
the power supply.

A tapped resistor R: serves to supply screen voltage to
V. and by adjusting this tap, the excitation to the 4-65A
may be easily controlled. This method of controlling the
output 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. R: 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! power 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 R, and 0.25 ufd for C, have been found
entirely satisfactory. Choke L, is best selected by trial
and usually is on the order 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 C; will have some effect
on the required value of L, as well as C,. 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 essential 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

/— CHASSIS DECK

AR

SOCKET

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 abgve 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 2¥: 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 10 125 150 175

Corresponding

Current Factor 125 35 65 10 14 184 23
Voltage Factor 20 22525 275 30
Corresponding

Current Factor 28 34 40 46 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. This is made
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 1/5th 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 adjustments at half voltages
and half currents on the screen and plate, thus reducing
the power to one quarter. The stand-by plate dissipation
under these conditions should be set at about 10 watts.
Following these adjustments, minor adjustments at full
voltages and 50 watts of stand-by plate dissipation could
then be made, but only allowing the full power to remain
on for ten or fifteen second intervals.

The first step is to loosely couple the oscilloscope to
the output of the exciter unit. The final amplifier with
its filament and bias voltages turned on should also be
coupled to the exciter at this time. With the audio
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
1009 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 the 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 radio-frequency power amplifier circuit, Class-C
telegraphy, 345 watts input.

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= 12. Capacitor plate spacing =.200".
Lp3-Cp3— Tank circuit appropriate for operating frequency;
Q=12. Capacitor plate spacing =.375".
Lgi-Cgi— Tuned circuit appropriate for operating frequency.
Lg2-Cg2— Tuned circuit appropriate for operating frequency.
C1— .002 -ufd. SO0V Mica
C2—.002 -ufd. SO00V Mica
C3— .00 -ufd. 2500V Mica
Cq— .| -ufd. 1000V paper
Cs— .1 -ufd. 800 V paper
Co— 16 -ufd. 450V Electrolytic
C7— 10 -ufd. 100V Electrolytic
R1—53,000 ohms 200 watt—50,000 ohm adjustable
R2—250,000 ohms | watt
R3— 5,000 ohms 5 watt
R4— 25,000 ohms 2 watts
Rs— 26,500 ohms 200 watts—30,000 ohm adjustable
Re— 2,500 ohms S watts
R7— 750 ohms S watts
RFC1— 2.5 mhy. 125 ma. R-F choke
RFC2— | mhy. 500 ma. R-F choke
T1— 150 watt modulation transformer; ratio primary to second-
ary impedance approx. I:l.1 Pri. impedance 15,000 ohms,
sec. impedance 16,700 ohms.
T2— 5 watt driver transformer impedance ratio primary to 1/2
secondary 1.5:1.
T3— 300 watt modulation transformer; impedance ratio pri. to
sec. approx. 2.4:1i Pri. impedance =20,000 ohms, sec. im-
pedance =8,333 ohms.
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Typical high-level-modulated R-F amplifier, 240 watts plate
input. Modulator requires zero driving power.

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